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Generating Modules (97 pages)
Appendix 2: Photo documentation (4 pages)

List of Attachments (including a total number of pages in each attachment):
Appendix 1: Compliance Verification Report — Tests for Type B, C and D Inverter Connected Power

Summary of testing:

Original test report (6068396.50):
All tests (except clause 4.8 EMC tests)

Amendment 1 report (6096697.50):
No test was necessary.

Amendment 2 report (6138292.50)

Clauses 12.3,13.2 Operating Range test;

Clauses 12.2.3, 13.2.3 Output power with falling
frequency test;

Clause 13.5 Reactive power output capability test.

Amendment 3 report (6138292.50V1.1)
No test was necessary.

Tests performed (name of test and test clause):

Testing location:
DEKRA Testing and Certification (Suzhou) Co., Ltd.

No0.99, Hongye Road, Suzhou Industrial Park,
Suzhou, Jiangsu, P.R. China

EMC and power quality — EMC test

(The EMC test report 64.772.20.30630.01-(E)
provided by the customer)

TUV SUD Certification and Testing (China) Co., Ltd.
Guangzhou Branch

5F, Communication Building, 163 Pingyun Rd.
Guangzhou 510656, P.R. China

TRF No. G99/1-8_V1.0
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Copy of marking plate:

SUNGRDIA _ ERHMIEIERS

GRID-CONNECTED PV INVERTER

BS Model SG250HX
F3IS s

EHiRHADC-Input
R AHINBEE Max input Voitage DC 1500 vV
2 /\WPPEEJE Min. MPP Vol tage DC 500V
2 AMPPEEJE Max. MPP Vol tage DC 1500 V
%xiﬁ)\%;ﬁ Max. Input Current DC12*30 A
R AERRERIT IscPV DC 12*50 A

3 i B AC-Output
Eﬁiiﬂﬁ %E Rated Output Voltage 3/PE AC 800V
FEMESNZE Rated Output Frequency 50/60 Hz
= AMIHE R Max Qutput Current AC 1805 A
FEMEINE Rated Output Power 225 kW
mAIEE Max Apparent Power 250 kWA
ThEEHTEE Power Factor Range 08 Leading.. 08 Lagging
BeFR Safety Class I
TEFL overvoltage Categary M[AC], TT[DC]
m*F%?ﬂ Enclosure P66
I{’Frﬁfﬁ;ﬁ@ Ambient Temperature -30C . +607C

(€ g8
\

FA Ot B R B iy A BR A A
SUNGROW POWER SUPPLY CO., LTD.

WWW_SUNgrowpower.com HH[E 3% Made in China

As Great Britain public Low Voltage Distribution Networks grid code G99 required, only 800 Vac / 50Hz
output setting was verified in this test report.

TRF No. G99/1-8_V1.0
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A Disconnect the inverter from all the
external power sources before service!

W Do not touch live parts until
A c Y 10 minutes after disconnection

Warning Label:

-* 10 2in from the sources!

& Hot surface! May exceed 60°C !
Danger to |ife due to high voltages!
Only qualified personnel can open

and service the product!

Check user manual before service!

TRF No. G99/1-8_V1.0
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Test item particulars:

Equipment mobility ... © movable hand-held stationary
fixed transportable for building-in

Connection to the MaiNS ..........ooeevvveeiiiiiiiie e, : pluggable equipment direct plug-in
permanent connection for building-in

Environmental category ............ceeviieeiiieiiiiiiinee e : outdoor indoor indoor

unconditional conditional

Over voltage category Mains............ccoooeveeiieenn, : ovCl ovCll ovcli OovC IV

Over voltage category PV ........ccooo : ovCl ovCll ovCl ovC IV

Mains supply tolerance (%0)........cccevvvveeeiiiiiiiiiiiinennnne. : -80%/+119%

Tested for power SYStemS..........ccvvvvviiiiiiiiiiiiiiiiiieeee, DTN, IT

IT testing, phase-phase voltage (V) ......ccccccvvvveveeennnen. : 800

Class of equIipMeNnt.........cooovviiii : Class | Class I Class Il
Not classified

Mass of equipment (Kg) .......coevvvriniieeriieiiiiiineeeereeennns : 99 kg;

Pollution degree ... : Outside PD3; Inside PD2

IP protection Class .........ccccccvvvviiiiiiiiiiiiiiiiiiiiiieeeee : 1P66

Possible test case verdicts:

- test case does not apply to the test object ............... . N/A

- test object does meet the requirement..................... . P (Pass)

- test object does not meet the requirement................ o F (Fall)

- this clause is information reference for installation....: Info.

Testing: Original

Date of receipt of testitem .........ccoooveeviiiiiiieniii e, :

Date (s) of performance of teStS..........cccccveeiiiieiniennns :

2019-10-30(samples provided by applicant)
2019-10-30 to 2019-12-26

Testing:

Date of receipt of test item ........cccoooveeiiiiiiiiiiniiieeeeen, :

Date (s) of performance of teStS..........cccccvvieeiiieenienns :

Amendment 2
2022-07-30(samples provided by applicant)
2022-07-30 to 2022-08-09

General remarks:

The test results presented in this report relate only to the object tested.
This report shall not be reproduced, except in full, without the written approval of the Issuing testing

laboratory.

The measurement result is considered in conformance with the requirement if it is within the prescribed limit. It
is not necessary to account the uncertainty associated with the measurement result.
The information provided by the customer in this report may affect the validity of the results, the test lab is not

responsible for it.

This report is not used for social proof function in China market.

"(see Enclosure #)" refers to additional information appended to the report.
"(see appended table)" refers to a table appended to the report.

Throughout this report a [_] comma / X point is used as the decimal separator.

TRF No. G99/1-8_V1.0
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Name and address of factory (ies):

1. Sungrow Power Supply Co., Ltd.

No0.1699 Xiyou Rd., New & High Technology Industrial Development Zone, Hefei 230088 P.R. China

2. Sungrow Power Supply Co., Ltd.

No. 608 Changning Avenue, New & High Technology Industrial Development Zone, Hefei 230088 P.R.
China

3. Sungrow Developers (India) Private Limited

Survey No.250/3, T-Begur Village, Kasaba Hobli,Nelamangala Taluk, Bangalore, Karnataka-562123, India
General product information:

The product is a transformerless three-phase PV grid-connected inverter, is an integral component in the
PV power system. The inverter is designed to convert the direct current power generated from the PV
modules into grid-compatible AC current and feeds the AC current to the utility grid.

The unit is providing EMC filtering at the input and output towards mains. The output was switched off

redundant by the high power switching bridge and two relays in series. This assures that the opening of the
output circuit will also operate in case of one error.

Block Diagram:

— MPPT —
) | | - || IS

i AC AC AC
] DC t
’ EMI - J — Filter — Relay — EMI L2

___ MPPT — — — ] ! L3
(12)

i T

+
I
Ly LI L

Current DC DC SPD DC Bus Inverter AC SPD PE
Monitoring switch é circuit é é

Description of the electrical circuit and functional safety (redundancy control):

The PCE is meanwhile controlled by a master DSP and a slave ARM to ensure there is ho hazard even
when a fault occurs on one of chips. There are two groups of power relays in series installed on the mains
side to separate the energy from dc side while the PCE cease energizing. One group relays controlled by
the master DSP and another controlled by slave ARM. The master DSP handles main control process like
voltage/current sampling, PWM, ISO detection, grid protection and so on. The slave ARM runs as a backup
of some critical protective functions, like voltage sampling, grid protection, temp monitoring, and GFCI
detection and so on.

The PCE is equipped with RS485 ports on communication board and PLC communication, which is
reinforced, separated from main circuits.

Interface relays disconnect the equipment from utility in case any one of following grid faults occurred:
1.PV array insulation resistance fault

2.Residual current fault

3.0ver & under grid voltage

4.0ver & under grid frequency

5.1slanding operation

6.0ver DC injection current

The product operating temperature range: -30°C to +60°C

The product was tested on:

The tests were performed on model SG250HX.

TRF No. G99/1-8_V1.0
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Hardware version:
SG250HX
Software version:

LCD_DIAMOND-S_V11_VO1_A
MDSP_DIAMOND-S_V11 V01 _A

Amendment 1 report:

The original test report No. 6068396.50 issued by DEKRA Testing and Certification (Suzhou) Co., Ltd.
dated on 2020-01-17 were updated and including below modifications which were considered as technical
modifications:

--- MPPT voltage range was updated from 600-1500 Vdc of original report to 500-1500 Vdc.
--- The maximum input current of PV was updated from 12*26 A of original report to 12*30 A.
--- The standard version G99/1-4:2019 was updated to G99/1-6:2020.

The rating label in page 3 was updated.

After reviewing, no test was considered necessary.

Amendment 2 report:

The previous test report No. 6096697.50 issued by DEKRA Testing and Certification (Suzhou) Co., Ltd.
dated on 2021-02-03 were updated and including below modifications which were considered as technical
modifications:

--- The standard version G99/1-6:2020 was updated to G99/1-8:2021.

--- Change the address of factory from “No. 85, Kaniminike village, Kengeri hobli Bangalore South Taluk,
560074 Bangalore, India” to “Survey No.250/3, T-Begur Village, Kasaba Hobli,Nelamangala Taluk,
Bangalore, Karnataka-562123, India”.

After reviewing, clauses 12.3,13.2, 12.2.3, 13.2.3 and 13.5 were tested.

Amendment 3 report;

The previous test report No. 6138292.50 issued by DEKRA Testing and Certification (Suzhou) Co., Ltd.
dated on 2022-10-19 were updated and including below modifications which were considered as technical
modifications:

--- Add high level description of logic interface in additional comments

--- Update the description of cyber security evaluated.

After reviewing, No test was considered necessary.

TRF No. G99/1-8_V1.0
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
6 CONNECTION APPLICATION -
6.1 General -
6.1.1 This document describes the processes that shall be Info.

adopted for both connection of a single Power
Generating Module and installations that comprise of a
number of Power Generating Modules.

6.1.2 Type A Power Generating Module(s) < 16A per phase Type B, C, D Power N/A
and EREC G98 compliant Generating Modules.
6.1.2.1 A connection procedure to facilitate the connection and N/A

operation of Fully Type Tested Power Generating
Modules with aggregate Registered Capacity of less than
or equal to 16 A per phase in parallel with public Low
Voltage Distribution Network is given in EREC G98 and
is not considered further in this document. These are
referred to as micro-generators.

6.1.3 Power Park Modules

6.1.3.1 Where an installation comprises a single Generating
Unit, the application process, technical and
commissioning requirements are based on the
Registered Capacity of that Generating Unit. Where an
installation comprises multiple Generating Units the
application process, technical and commissioning
requirements will generally be based on the Registered
Capacity of each Power Park Module, and also on the
extent to which each Power Park Module is Type Tested.

6.1.3.2 Where a new Generating Unit is connected to an existing P
installation the treatment of the addition will depend on
the EREC under which the existing installation was
connected. If the existing installation was connected
under EREC G59 or EREC G83 then the new Generating
Unit will be treated as a separate Power Park Module
and managed for compliance with this EREC G99 as a
separate Power Generating Module. If, however, the
existing installation was completed in compliance with
EREC G98 or EREC G99, then the new Power Park
Module must be added to the aggregate capacity of the
complete installation which shall be used to determine
which EREC is applicable.

6.1.4 Synchronous Power Generating Modules N/A
6.1.4.1 Where an installation comprises a single Synchronous Not Synchronous Power N/A
Power Generating Module or multiple Synchronous Generating Modules.

Power Generating Modules, the application process,
technical and commissioning requirements are based on
the Registered Capacity of each Synchronous Power
Generating Module.

TRF No. G99/1-8_V1.0
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Clause Requirement - Test Result - Remark Verdict

6.1.4.2 Where one or more new Synchronous Power Generating N/A
Module(s) is to be connected to an existing installation
then each new Power Generating Module will be treated
as a separate Synchronous Power Generating Module.
Only the new Power Generating Module will be required
to meet the requirements of this EREC G99 or EREC
G98 if applicable. However, note that if the aggregated
capacity of all the Power Generating Modules in the
Power Generating Facility (ie the Registered Capacity of
the Power Generating Facility) reaches the threshold for
large as defined in the Grid Code (ie 10 MW in the north
of Scotland; 30 MW in the south of Scotland, 100 MW in
England and Wales), then the Generator will have to
ensure compliance with relevant parts of the Grid Code.
Similarly if the Registered Capacity of a Power
Generating Facility in England and Wales is 50 MW or
more, the Generator will have to comply with paragraphs

6.4.4 and 13.8.
6.1.5 lllustrative examples Info.
6.1.5.1 Table 6.1 is provided to illustrate some of the connection Info.

scenarios and the EREC requirements.

6.1.5.2 In respect of Table 6.1 the aggregate Registered Info.
Capacity of all the Power Generating Modules in the
Power Generating Facility will be taken into account
when the DNO considers the effect of the connection on
the Distribution Network.

TRF No. G99/1-8_V1.0
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Table 6.1 Examples of connection scenarios Info.
Details of the existing Power Planned expansion | Compliance requirements
Generating Facility to the Power
Generating Facility
. The unit(s) comprise a new Power
Nil Gms’? Generating Generating Module for compliance
EREC G994
Qriginal and additional Power
Synchronous Generating Modules treated
gﬂ;’r';fi';“; OP;‘:_I"I":; Power Generating | separately. Only additional Power
rating Modules Generating Modules need to comply
commissioned under EREC - -
G383 of EREC G59 with ERE_C GSS,_t!‘Ie entire Power
Figure 6.1 Generating Facility needs to comply
with operational requirements.
Syneh Qriginal and additional Power
Synchronous Power Pync r;nous i Generating Modules treated
Generating Modules M%";ﬁlre se"'m NG | separately. All Power Generating
commissioned under EREC Modules need to comply with EREC
G98 or EREC G99 Figure 6.2 G995 and with operational
requirements.
Synchronous Power
Generating Modules Original and additional Power
commissioned under EREC ﬁmﬂ:’;’e‘ﬁg;ﬁn Generating Modules treated
583 or EREC G59 and Modules 9 separately. Additional Power
Synchronous Power Generating Medules need to comply
Generating Modules Figure 6.3 with EREC G99; all need to comply with
commissioned under EREC ) operational requirements.
98 or EREC G99
New units form a new Power Park
Asynchronous Medule. Original and additional Power
sc‘:n‘:’;]:sz;':e?flﬂ:; CREc | Generating Units | Park Modules treated separately. Only
G83 or EREC G59 additional Power Park Modules need
Figure 6.4 to comply with EREC G99; all need to
comply with operational requirements.
Units aggregated to form a new single
Power Park Module gﬁ”:r:rt‘i’:r’“jnm Power Generating Module.
commissioned under EREC 9 Compliance required for the new
98 or EREC G99 Fiqure 6.5 module size, with EREC G99 and with
9 . operational requirements.
Power Park Module Storage DC coupled | No compliance effect. Compliance
commissioned under EREC (ie connected to the | remains based on existing Inverters, ie
(598 or EREC G99 existing Inverters on the existing Power Park Module.
with no change to The Generator must, under their
Inverters) Connection Agreement apply to the
DNO before connecting the new
Figure 6.6 storage.
Power Park Module Storage AC coupled | The new storage units form an
commissioned under EREC — ie storage independent Power Park Module
6.1.6 Interaction with the NETSO P
6.1.6.1 It should be noted that if the Registered Capacity of all Info.
Power Generating Module (synchronous together with
asynchronous) on one or more sites in common
ownership is >50 MW, then the Generator becomes
licensable.
6.1.6.2 Generators with an agreement with the NETSO may be P
required to comply with applicable requirements of the
Grid Code. Where Grid Code requirements apply, it is the
Generator’s responsibility to comply with the relevant
parts of both the Distribution Code and Grid Code.
6.2 Application for Connection P

TRF No. G99/1-8_V1.0
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Clause

Requirement - Test

Result - Remark

Verdict

6.2.1

Information about the Power Generating Module(s) is
needed by the DNO so that it can assess the effect that a
Power Generating Facility may have on the Distribution
Network. This document details the parameters to be
supplied by a Generator wishing to connect Power
Generating Module(s) that do not comply with EREC G98
to a Distribution Network. This document also enables
the DNO to request more detailed information if required.

P

6.2.2

Integrated Micro Generation and Storage procedure

N/A

6.2.2.1

The Generator may wish to install Integrated Micro
Generation and Storage. Where all of the following
conditions apply, the Integrated Micro Generation and
Storage procedure can be followed:

1. The Power Generating Modules are located in a
single Generator’s Installation;

2. The total aggregate capacity of the Power
Generating Modules (including Electricity Storage
devices) is between 16 A and 32 A per phase;

3. The total aggregate capacity of the Power
Generating Modules that are Electricity Storage
devices does not exceed 16 A per phase and the
total aggregate capacity of the Power Generating
Modules that are not Electricity Storage devices
does not exceed 16 A per phase. Note that if the
total aggregated capacity of Electricity Storage and
non- Electricity Storage devices is no greater than
16 A per phase, the single premises procedure
described in EREC G98 applies;

4. All of the Power Generating Modules (including
Electricity Storage devices) are connected via EREC
G98 Fully Type Tested Inverters;

5.  An EREC G100 compliant export limitation scheme
is present that limits the export from the Generator’s
Installation to the Distribution Network to 16 A per
phase; and

6. The Power Generating Modules will not operate
when there is a loss of mains situation.

N/A

6.2.2.2

If all the conditions in 6.2.2.1 are satisfied, the Generator
should complete an application in a format as shown in
Form Al1-2 (Annex A.1). Otherwise the Generator should
refer to the connection application procedure for Type A
Power Generating Modules.

N/A

TRF No. G99/1-8_V1.0
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Clause Requirement - Test Result - Remark Verdict

6.2.2.3 The planned commissioning date stated on the N/A
application form shall be within 10 working days and 3
months from the date that the application is submitted to
the DNO. Confirmation of the commissioning of each
Power Generating Module shall be made no later than 28
days after commissioning (where tests and checks are
not witnessed). Confirmation shall be provided in a
format as shown in Form A3-2 (Annex A.3). In addition to
Form A3-2, an EREC G100 Export Limitation Scheme
Installation and Commissioning Tests form shall be
submitted to the DNO to confirm that the Export
Limitation Scheme meets the requirements set out in
EREC G100. Confirmation shall be provided in a format
as shown in EREC G100 Appendix B.

6.2.3 Power Generating Facilities which include Type A Power |Type B, C, D Power N/A
Generating Modules Generating Modules.
6.2.3.1 For Type A Power Generating Modules the compliance, |Type B, C, D Power N/A

testing and commissioning requirements are detailed in | Generating Modules.
Section 16 of this EREC G99.

6.2.3.2 The Generator should apply to the local DNO for N/A
connection using the DNQO’s Standard Application Form
(available from the DNO’s website). On receipt of the
application, the DNO will assess whether any Distribution
Network studies are required and whether there is a
requirement to witness the commissioning tests. In some
cases studies to assess the impact on the Distribution
Network may need to be undertaken before a firm
quotation can be provided to the Generator. On
acceptance of the quote, any works at the connection
site and any associated facilitating works will need to be
completed before the Power Generating Module can be
commissioned. On successful completion of the
commissioning tests, the DNO will sanction permanent
energisation of the Power Generating Module in
accordance with Section 16 of this EREC G99.

6.2.4 Power Generating Facilities which include Type B, Type Info.
C or Type D Power Generating Modules

6.2.4.1 The connection process is similar to that described in Info.
paragraph 6.2.2 above, although detailed system studies
will almost certainly be required and consequently the
Generator might need to provide additional information.
The information should be provided using the Standard
Application Form (generally available from the DNO’s
website). The data that will generally be required is
defined in the Distribution Code, Data Registration Code
(DDRC), Schedules 5a, 5b and 5c.

TRF No. G99/1-8_V1.0
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Clause Requirement - Test Result - Remark Verdict

6.2.4.2 For Type B and Type C Power Generating Modules the Info.
compliance, testing and commissioning requirements are
detailed in Sections 17 and 18 respectively of this EREC
G99. On successful completion of a Type B or Type C
Power Generating Module Document the DNO will issue
a Final Operational Notification to the Generator.

6.2.4.3 For a Type D Generating Unit, once all the relevant Info.
documents have been provided to the DNO to its
satisfaction, the DNO will issue an Energisation
Operational Noatification to the Generator followed by an
Interim Operational Notification and a Final Operational
Notification. This staged process is described further in
Section 19 of this EREC G99.

6.2.4.4 Generators who own Type B and Type C Power Info.
Generating Modules do not have permanent rights to
operate their Power Generating Modules without a valid
Final Operational Notification which will be issued by the
DNO following completion of the commissioning tests
and process, refer to paragraphs 17.4.3 and 18.4.3.

6.2.4.5 Generators who own Type D Power Generating Modules Info.
do not have rights to operate their Power Generating
Modules without either:

(@) avalid Final Operational Notification, refer to
paragraph 19.5.4;

(b) an Interim Operational Natification, refer to
paragraph 19.3.6; or

(c) a Limited Operational Notification, refer to paragraph

19.6.4.1.
6.3 System Analysis for Connection Design Type A, Type B, Type C and Type D Info.
6.4 Provision of Information Info.
7 CONNECTION ARRANGEMENTS P
7.1 Operating Modes P
7.1.1 Power Generating Modules may be designed for one of |Long-Term Parallel P
three operating modes. These are termed long-term Operation.

parallel operation, infrequent short-term parallel
operation and switched alternative-only operation. In the
case that a Power Generating Module is designed to
switch between these modes of operation, it must be
designed to comply with the requirements for each mode.

TRF No. G99/1-8_V1.0
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Clause Requirement - Test Result - Remark Verdict

7.1.2 Equipment other than Generating Units (eg traction N/A
loads, lift motors etc) may act as a short term source of
energy, and inject electrical energy into the Customer’s
Installation when they operate in a regenerative mode. In
general EREC G99 will not apply as there will be no need
to make any specific design accommodation for such
equipment as it is unlikely that they will support any
possible power island for a significant length of time.
Where such equipment can act as a source of electrical
energy for more than a few seconds (say typically 20 s),
the DNO will advise the Customer if the Customer’s
Installation requires any special consideration such as
reverse power protection on a case by case basis.

7.1.3 In general the technical requirements in EREC G99 will N/A
not apply for non-controllable storage technology such as
synchronous compensators and synchronous flywheels.
This is because there will be no need to make any
specific design accommodation for such equipment as it
is unlikely that they will support any possible power
island for a significant length of time. Where such
equipment can act as a source of electrical energy for
more than a few seconds (say typically 20 s), the DNO
will advise the Customer if the Customer’s Installation
requires any special consideration, such as reverse
power protection or short circuit current contribution
assessment, on a case by case basis.

7.2 Long-Term Parallel Operation

7.2.1 This refers to the frequent or long-term operation of
Power Generating Modules in parallel with the
Distribution Network. Unless otherwise stated, all
sections in this EREC G99 are applicable to this mode of

operation.
7.3 Infrequent Short-Term Parallel Operation N/A
7.4 Switched Alternative-Only Operation N/A
7.5 Phase Balance of Type A Power Generating Module output at LV N/A
7.5.1 Connection of single phase Power Generating Modules | Type B, C, D Power N/A
may require Distribution Network reinforcement and Generating Modules.

extension before commissioning for technical reasons
(such as voltage issues and unacceptable phase
imbalance) depending on the point of connection and
Distribution Network design.

7.5.2 A solution to these voltage issues and phase imbalance N/A
issues may be to utilise 3-phase Power Generating
Modules or to use multiple single phase Power
Generating Modules connected across three phases.

7.5.3 Where single phase Power Generating Modules are 3-phase PV inverter N/A
being used the Generator should design the installation
on a maximum unbalance output of 16 A between the
highest and lowest phase.

TRF No. G99/1-8_V1.0



Page 16 of 192 Report No.: 6138292.50V1.1
G99/1-8

Clause Requirement - Test Result - Remark Verdict

7.5.4 In order to illustrate this requirement examples of N/A
acceptable and unacceptable connections have been
given in Annex A.5.

7.6 Type A Power Generating Module capacity for single and split LV phase N/A
supplies
7.6.1 The maximum aggregate capacity of Power Generating | 3-phase PV inverter N/A

Modules that can be connected to a single phase supply
is 17 kW. The maximum aggregate capacity of Power
Generating Modules that can be connected to a split
single phase supply is 34 kW.

7.6.2 There is no requirement to provide intertripping between N/A
single phase Inverters where these are installed on multi-
phase supplies up to a limit of 17 kW per phase (subject
to balance of site output as per Section 7.5). A single
phase 17 kW connection may result in an imbalance of
up to 17 kW following a Distribution Network or Power
Generating Module outage. However the connection
design should result in imbalance under normal operation
to be below 16 A between phases as noted above.

7.6.3 Power Generating Facilities with a capacity above 17 kW N/A
per phase are expected to comprise three phase units.
The requirement to disconnect all phases following a
fault in the Generator’s Installation or a Distribution
Network outage applies to three phase the Power
Generating Modules only and will be tested as part of the
compliance testing of the Power Generating Module. In
some parts of the country where provision of three phase
networks is costly then the DNO may be able to provide
a solution using single or spilt phase networks for Power
Generating Facilities above the normal limits as set out

above.
7.7 Voltage Management Units in Generator’s premises P
7.7.1 Voltage Management Units are becoming more popular Info.

and use various methods, in most cases, to reduce the
voltage supplied from the DNO'’s Distribution Network
before it is used by the Generator. In some cases where
the DNO'’s Distribution Network voltage is low they may
increase the voltage supplied to the Generator. Some
technologies are only designed to reduce voltage and
cannot increase the voltage.

7.7.2 The use of such equipment has the advantage to the Info.
Generator of running appliances at a lower voltage and in
some cases this can reduce the energy consumption of
the appliance. Some appliances when running at a lower
voltage will result in higher current consumption as the
device needs to take the same amount of energy from
the system to carry out its task.
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7.7.3 If a Voltage Management Unit is installed between the N/A
Connection Point and the Power Generating Module in a
Generators Installation, it may result in the voltage at the
Generator side of the Voltage Management Unit
remaining within the limits of the protection settings
defined in Table 10.1 while the voltage at the Connection
Point side of the unit might be outside the limits of the
protection settings. This would negate the effect of the
protection settings. Therefore, this connection
arrangement is not acceptable and all Power Generating
Modules connected to the DNO’s LV Distribution Network
under this Engineering Recommendation must be made
on the Connection Point side of any Voltage
Management Unit installed in a Generator’s Installation.

7.7.4 Generators should note that the overvoltage setting P
defined in Table 10.1 is 4% above the maximum voltage
allowed for the voltage from the DNO’s Distribution
Network under the ESQCR and that provided they have
designed their installation correctly there should be very
little nuisance tripping of the Power Generating Module.
Frequent nuisance tripping of a Power Generating
Module may be due to a fault in the Generator’s
Installation or the operation of the DNO’s Distribution
Network at too high a voltage. Generators should satisfy
themselves that their installation has been designed
correctly and all Power Generating Modules are
operating correctly before contacting the DNO if nuisance
tripping continues. Under no circumstances should they
resort to the use of Voltage Management Units installed
between the Connection Point and the Power Generating

Module.
8 EARTHING
8.1 General
8.1.1 The earthing arrangements of the Power Generating

Module shall satisfy the requirements of DPC4 of the
Distribution Code.

8.2 Power Generating Modules with a Connection Point at HV
8.3 Power Generating Modules with a Connection Point at LV
8.3.1 LV Distribution Networks are always solidly earthed, and

the majority are multiple earthed. Design practice for
protective multiple earthing is detailed in the Energy
Networks Association publications including Engineering
Recommendation G12, and in the references contained
in those publications.

8.3.2 The winding configuration and method of earthing P
connection shall be agreed with the DNO.
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8.3.3 In addition, where the Power Generation Facility’s P
Connection Point is at Low Voltage the following shall
apply: Where an earthing terminal is provided by the
DNO it may be used by a Power Generation Facility for
earthing the Power Generating Module, provided the
DNO earth connection is of adequate capacity.

9 NETWORK CONNECTION DESIGN AND OPERATION
9.1 General Criteria
9.11 As outlined in Section 5, DNOs have to meet certain

statutory and Distribution Licence obligations when
designing and operating their Distribution Networks.
These obligations will influence the options for
connecting Power Generating Modules.

9.1.2 The technical and design criteria to be applied in the P
design of the Distribution Network and Power Generating
Module connection are detailed in this document and
DPC 4 of the Distribution Code. The criteria are based
upon the performance requirements of the Distribution
Network necessary to meet the above obligations.

9.1.3 The Distribution Network, and any Power Generating P
Module connection to that network, shall be designed:

(&) to comply with the obligations (to include security, P
frequency and voltage; voltage disturbances and
harmonic distortion; auto reclosing and single phase
protection operation).

(b) according to design principles in relation to P
Distribution Network’s plant and equipment,
earthing, voltage regulation and control, and
protection as outlined in DPC4, subject to any
Modification to which the DNO may reasonably
consent.

9.14 Power Generating Modules should meet a set of P
technical requirements in relation to its performance with
respect to frequency and voltage, control capabilities,
protection coordination requirements, Phase (Voltage)
Unbalance requirements, neutral earthing provisions,
islanding and Black Start Capability as applicable. The
technical connection requirements in this chapter are
common to all Power Generating Modules.

9.15 In addition requirements for Type A Power Generating P
Modules are detailed in Section 11. Requirements for
Type B Power Generating Modules are detailed in
Section 12. Requirements for Type C and Type D Power
Generating Modules are detailed in Section 13.
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9.1.6 The Reactive Power and voltage control requirements P
are given in Section 11, Section 12 and Section 13 for
Type A Power Generating Modules, Type B Power
Generating Modules, and Type C and Type D Power
Generating Modules respectively. They are summarised
in Table D.4 for information.

9.1.7 Every Power Generating Module and any associated P
equipment must be designed and operated appropriately
to comply with cyber security requirements. The
Generator shall consider all cyber security risks
applicable to the Power Generating Module in terms of
the communication between any energy management
system etc and also in terms of interaction with any
system of the Manufacturer for product management.

9.1.8 The Generator shall provide information describing the Communication between P
high level cyber security approach, as well as the specific |inverter and public network
cyber security requirements complied with. The is implemented by a
statement will make appropriate reference to the Power |separate device (data
Generating Facilities compliance with: logger with model name
e ETSIEN 303 645 Logger3000 manufactured

by the same manufacturer

e relevant aspects of PAS 1879 “Energy smart as inverter - Sungrow).

appliances — Demand side response operation — High level cyber security

Code of practice; approach as well as the
e relevant aspects of “Distributed Energy Resources — | specific cyber security

Cyber Security Connection Guidance” published by |requirements are

BEIS and the ENA; evaluated against ETSI

e Any other relevant standard that has been EN 303 645. Compliance

incorporated in the design of the Power Generating to ETSI E_N 3036451is
Module. recorded in a separate

document and is provided
by manufacturer.

9.2 Network Connection Design for Power Generating Modules P
9.3 Step Voltage Change and Rapid Voltage Change P
9.4 Power Quality P
9.4.1 Introduction P
9.4.1.1 The connection and operation of Power Generating P

Modules may cause Phase (Voltage) Unbalance and/or a
distortion of the Distribution Network voltage waveform
resulting in voltage fluctuations and harmonics.

9.4.2 Flicker

9.4.21 Where the input motive power of the Power Generating
Module may vary rapidly, causing corresponding
changes in the output power, flicker may result. The
operation of a Power Generating Module including
synchronisation, run-up and desynchronisation shall not
result in flicker that breaches the limits for flicker that is
non-compliant with EREC P28.
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9.4.2.2 The supply impedance of the Distribution Network needs P
to be considered to ensure that the emissions produced
by the Power Generating Module do not cause a problem
on the Distribution Network.

9.4.2.3 For Power Generating Modules up to 17 kW per phase or P
50 kW three phase voltage step change and flicker
measurements as required by BS EN 61000-3-11 shall
be made and recorded in the test declaration form A2-1
or form A2-3 as applicable for the Power Generating
Module. The DNO will use these declared figures to
calculate the required maximum supply impedance
required for the connection to comply with EREC P28.
This calculation may show that the voltage fluctuations
will be greater than those permitted and hence
reinforcement of the Distribution Network may be
required before the Power Generating Module can be
connected. Detailed testing requirements are described
in Annex A.7.

9.4.3 Harmonic Emissions

9.4.3.1 Harmonic currents produced within the Generator’s
system and modification of the harmonic impedance
caused by the addition of the Generator’s installation
may cause excessive harmonic voltage distortion in the
Distribution Network. The Generator’s Installation must
be designed and operated to comply with the planning
criteria for harmonic voltage distortion as specified in
EREC G5. EREC G5, like all planning standards
referenced in this recommendation, is applicable at the
time of connection of additional equipment to a
Generator’s Installation.

9.4.3.2 For Power Generating Modules of up to 17 kW per phase P
or 50 kW three phase harmonic measurements as
required by BS EN 61000-3-12 shall be made and
recorded in the test declaration form A2-1 or form A2-3
as applicable for the Power Generating Module. The
DNO will use these declared figures to calculate the
required maximum supply impedance required for the
connection to comply with BS EN 61000-3-12 and will
use this data in their design of the connection for the
Power Generating Module. This standard requires a
minimum ratio between source fault level and the size of
the Power Generating Module, and connections in some
cases may require the installation of a transformer
between 2 and 4 times the rating of the Power
Generating Module in order to accept the connection to a
DNO'’s Distribution Network. Detailed testing
requirements are described in Annex A.7
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9.4.3.3 Where the Power Generating Module is connected via a N/A
long cable circuit the likelihood of a resonant condition is
greatly increased, especially at 132 kV. This arises from
the reaction of the transformer inductance with the cable
capacitance. Resonance is likely in the low multiples of
the fundamental frequency (8th-11th harmonic). The
resonant frequency is also a function of the Total System
fault level. If there is the possibility that this can change
significantly eg by the connection of another Power
Generating Module then a full harmonic study should be
carried out.

9.4.4 Voltage imbalance

9.4.41 EREC P29 is a planning standard which provides limits
for voltage unbalance caused by uneven loading of three
phase supply systems. Power Generating Modules
should be capable of performing satisfactorily under the
conditions it defines. The existing voltage unbalance on
an urban Distribution Network rarely exceeds 0.5% but
higher levels, in excess of 1%, may be experienced at
times of high load and when outages occur at voltage
levels above 11 kV. 1% may exist continuously due to
unbalance of the system impedance (common on remote
rural networks). In addition, account can be taken of the
neutralising effect of rotating plant, particularly at 11 kV
and below. BS EN 50160 contains details of the
variations and disturbances to the voltage which shall be
taken into account in selecting equipment from an
appropriate specification for installation on or connected
to the Distribution Network.

9.4.4.2 The level of voltage unbalance at the Point Of Common P
Coupling should be no greater than 1.3% for systems
with a nominal voltage below 33 kV, or 1% for other
systems with a nominal voltage no greater than 132 kV.
Overall, voltage unbalance should not exceed 2% when
assessed over any one minute period. EREC P29, like all
planning standards, is applicable at the time of
connection.

9.4.4.3 For Power Generating Facilities of 50 kW or less Section P
7.5 of this document specifies maximum unbalance of
Power Generating Modules. Where these requirements
are met then no further action is required by the
Generator.

9.4.5 Power Factor correction equipment is sometimes used P
with Power Park Modules to decrease Reactive Power
flows on the Distribution Network. Where the Power
Factor correction equipment is of a fixed output, stable
operating conditions in the event of loss of the DNO
supply are extremely unlikely to be maintained, and
therefore no special protective actions are required in
addition to the standard protection specified in this
document.
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9.4.6 DC Injection
9.4.6.1 The effects of, and therefore limits for, DC currents See appended table.

injected into the Distribution Network is an area currently
under investigation. Until these investigations are
concluded the limit for DC injection is less than 0.25% of
the AC rating per Power Generating Module.

9.4.6.2 The main source of these emissions are from P
transformer-less Inverters. Where necessary DC
emission requirements can be satisfied by installing a
transformer on the AC side of an Inverter.

9.5 System Stability

9.5.1 Instability in Distribution Networks may result in
unacceptable quality of supply and tripping of
Generator’s plant. In severe cases, instability may
cascade across the Distribution Network, resulting in
widespread tripping and loss of demand and generation.
There is also a risk of damage to plant.

9.5.2 In general, System Stability is an important consideration P
in the design of Power Generating Module connections to
the Distribution Network at 33 kV and above. Stability
considerations may also be appropriate for some Power
Generating Module connections at lower voltages. The
risks of instability generally increase as Power
Generating Module capacity increases relative to the
fault level infeed from the Distribution Network at the
Connection Point.

9.5.3 System Stability may be classified into several forms, P
according firstly to the main system variable in which
instability can be observed, and secondly to the size of
the system disturbance. In Distribution Networks, the
forms of stability of interest are rotor angle stability and
voltage stability.

9.5.3.1 Rotor angle stability refers to the ability of synchronous N/A
machines in an interconnected system to remain in
Synchronism after the system is subjected to a
disturbance.

9.5.3.2 Voltage stability refers to the ability of a system to P
maintain acceptable voltages throughout the system after
being subjected to a disturbance.

9.5.3.3 Both rotor angle stability and voltage stability can be N/A
further classified according to the size of the disturbance.

9.5.34 Small-disturbance stability refers to the ability of a P
system to maintain stability after being subjected to small
disturbances such as small changes in load, operating
points of Power Generating Modules, transformer tap-
changing or other normal switching events.
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9.5.3.5 Large-disturbance stability refers to the ability of a P
system to maintain stability after being subjected to large
disturbances such as short-circuit faults or sudden loss of
circuits or Power Generating Modules.

9.5.3.6 Traditionally, large-disturbance rotor angle stability (also N/A
referred to as transient stability) has been the form of
stability predominantly of interest in Distribution Networks
with synchronous machines. However, it should be noted
that the other forms of stability may also be important
and may require consideration in some cases.

9.54 It is recommended that a Power Generating Module and P
its connection to the Distribution Network be designed to
maintain stability of the Distribution Network for a defined
range of initial operating conditions and a defined set of
system disturbances.

9.54.1 The range of initial operating conditions should be based P
on those which are reasonably likely to occur over a year
of operation. Variables to consider include system loads,

system voltages, system outages and configurations, and
Power Generating Module operating conditions.

9.5.4.2 The system disturbances for which stability should be P
maintained should be selected on the basis that they
have a reasonably high probability of occurrence. It is
recommended that these include short-circuit faults on
single Distribution Network circuits (such as
transformers, overhead lines and cables) and busbars,
that are quickly cleared by main protection.

9.5.5 With the system in its normal operating state, it is P
desirable that all Power Generation Modules remain
connected and stable for any of the following credible
fault outages;

i.  any one single circuit overhead line, transformer
feeder or cable circuit, independent of length,

ii. any one transformer or reactor,

iii. any single section of busbar at or nearest the point
of connection where busbar protection with a total
clearance time of less than 200ms is installed,

iv. if demand is to be secured under a second circuit
outage as required by EREC P2, fault outages (a) or
(b), overlapping with any pre-existing first circuit
outage, usually for maintenance purposes. In this
case the combination of circuit outages considered
should be that causing the most onerous conditions
for System Stability, taking account of the slowest
combination of main protection, circuit breaker
operating times and strength of the connections to
the system remaining after the faulty circuit or
circuits have been disconnected.
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9.5.6 It should be noted that it is impractical and uneconomical P
to design for stability in all circumstances. This may
include double circuit fault outages and faults that are
cleared by slow protection. Power Generating Modules
that become unstable following system disturbances
shall be disconnected as soon as possible to reduce the
risk of plant damage and disturbance to the system.

9.5.7 Various measures may be used, where reasonably P
practicable, to prevent or mitigate system instability.
These may include Distribution Network and Power
Generating Module solutions, such as:

(&) improved fault clearance times by means of faster
protection;

(b) improved performance of Power Generating Module
control systems (excitation and governor/prime
mover control systems; Power System Stabilisers to
improve damping);

(c) improved system voltage support (provision from
either Power Generating Module or Distribution
Network plant);

(d) reduced plant reactance’s (if possible);

(e) installation of protection to identify pole-slipping;

(f) increased fault level infeed.

In determining mitigation measures which are reasonably
practicable, due consideration should be given to the
cost of implementing the measures and the benefits to
the Distribution Network and Generators in terms of
reduced risk of system instability.

9.6 Island Mode
9.6.1 There are two specific instances of island mode to be
considered:

(@) where the Generator wishes to deliberately move
from the long-term parallel mode of operation to the
situation where the Generator’'s Power Generating
Module(s) is arranged to supply just the load
presented by the Customer’s Installation, with the
Customer’s Installation disconnected from the
DNO'’s Distribution Network; or

(b) where one or more Power Generating Modules,
belonging to one or more Generators, support an
isolated part of the DNO'’s Distribution Network,
maintaining supplies to other Customers of the
DNO.

9.6.2 Customer’s Installation Island

9.6.2.1 Wherever a Generator's Power Generating Module runs
in parallel with the DNO’s Distribution Network for more
than 5 minutes per month, the design of the Power
Generating Module and the Customer’s Installation must
meet the requirements for long-term parallel operation
and comply with all the appropriate requirements of this
EREC G99.
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9.6.2.2 Where a Generator intends to operate the Power P
Generating Module so that it supplies just the Customer’s
Installation, it is the Generator’s responsibility to ensure
the safety of the Customer’s Installation in respect of
electrical and general safety.

9.6.2.3 The arrangements of Figures 8.6 (HV) and 8.9 (LV) will P
generally be appropriate for earthing and switching
arrangements. Exact designs of Customer’s Installations
will vary, but the functional requirements of these figures
should be implemented.

9.6.2.4 It is the Generator’s responsibility to ensure appropriate P
and safe synchronisation to, and disconnection from, the
DNO’s Distribution Network, respecting the requirements
of EREC P28 on voltage disturbances on the DNO'’s
Distribution Network.

9.6.3 DNO'’s Distribution Network Island

9.6.3.1 A fault or planned outage, which results in the
disconnection of a Power Generating Module, together
with an associated section of Distribution Network, from
the remainder of the Total System, creates the potential
for island mode operation. It will be necessary for the
DNO to decide, dependent on local network conditions, if
it is desirable for the Generators to continue to generate
onto the islanded DNO’s Distribution Network. The key
potential advantage of operating in island mode is to
maintain continuity of supply to the portion of the
Distribution Network containing the Power Generating
Module. The principles discussed in this section
generally also apply where Power Generating Modules
on a Generator’s site is designed to maintain supplies to
that site in the event of a failure of the DNO supply.

9.6.3.2 When considering whether Power Generating Modules P
can be permitted to operate in island mode,10 detailed
studies need to be undertaken to ensure that the
islanded system will remain stable and comply with all
statutory obligations and relevant planning standards
when separated from the remainder of the Total System.
Before operation in island mode can be allowed, a
contractual agreement between the DNO and Generator
shall be in place and the legal liabilities associated with
such operation shall be carefully considered by the DNO
and the Generator. Consideration should be given to the
following areas:

() load flows, voltage regulation, frequency regulation,
voltage unbalance, voltage flicker and harmonic
voltage distortion;

(b) earthing arrangements;

(c) short circuit currents and the adequacy of protection
arrangements;

(d) System Stability;

(e) re-synchronisation to the Total System;

(f) safety of personnel.
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9.6.3.3

Suitable equipment will need to be installed to detect that
an island situation has occurred and an intertripping
scheme is preferred to provide absolute discrimination at
the time of the event. Confirmation that a section of
Distribution Network is operating in island mode, and has
been disconnected from the Total System, will need to be
transmitted to the Power Generating Module(s)
protection and control schemes.

P

9.6.34

The ESQCR requires that supplies to Customers are
maintained within statutory limits at all times ie when they
are supplied normally and when operating in island
mode. Detailed system studies including the capability of
the Power Generating Module and its control /
protections systems will be required to determine the
capability of the Power Generating Module to meet these
requirements immediately as the island is created and for
the duration of the island mode operation.

9.6.3.5

The ESQCR also require that Distribution Networks are
earthed at all times. Generators, who are not permitted to
operate their installations and plant with an earthed star-
point when in parallel with the Distribution Network, shall
provide an earthing transformer or switched star-point
earth for the purpose of maintaining an earth on the
system when islanding occurs. The design of the
earthing system that will exist during island mode
operation should be carefully considered to ensure
statutory obligations are met and that safety of the
Distribution Network to all users is maintained. Further
details are provided in Section 8

9.6.3.6

Detailed consideration shall be given to ensure that
protection arrangements are adequate to satisfactorily
clear the full range of potential faults within the islanded
system taking into account the reduced fault currents and
potential longer clearance times that are likely to be
associated with an islanded system.

9.6.3.7

Switchgear shall be rated to withstand the voltages which
may exist across open contacts under islanded
conditions. The DNO may require interlocking and
isolation of its circuit breaker(s) to prevent out of phase
voltages occurring across the open contacts of its
switchgear. Intertripping or interlocking should be agreed
between the DNO and the Generator where appropriate.

It's depended on Installer.

N/A

9.6.3.8

It will generally not be permissible to interrupt supplies to
DNO Customers for the purposes of re-synchronisation.
The design of the islanded system shall ensure that
synchronising facilities are provided at the point of
isolation between the islanded network and the DNO
supply. Specific arrangements for this should be agreed
and recorded in the Connection Agreement with the
DNO. If no facilities exist for the subsequent re-
synchronisation with the rest of the DNO'’s Distribution
Network then the Generator will, under DNO instruction,
ensure that the Power Generating Module is
disconnected for re-synchronisation.

9.7

Fault Contributions and Switchgear Considerations
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10 PROTECTION
10.1 General
10.1.1 The main function of the protection systems and settings

described in this document is to prevent the Power
Generating Module supporting an islanded section of the
Distribution Network when it would or could pose a
hazard to the Distribution Network or Customers
connected to it. The settings recognize the need to avoid
nuisance tripping and therefore require a two stage
approach where practicable, ie to have a long time delay
for smaller excursions that may be experienced during
normal Distribution Network operation, to avoid nuisance
tripping, but with a faster trip, where possible, for greater
excursions.

10.1.2 In accordance with established practice it is for the P
Generator to install, own and maintain this protection.
The Generator can therefore determine the approach, ie
per Power Generating Module or per installation, and
where in the installation the protection is sited.

10.1.3 Where a common protection system is used to provide P
the protection function for multiple Power Generating
Modules the complete installation cannot be considered
to comprise Fully Type Tested Power Generating
Modules if the protection and connections are made up
on site and so cannot be factory tested or Type Tested. If
the units or Power Generating Modules are specifically
designed to be interconnected on site via plugs and
sockets, then provided the assembly passes the function
tests required in Annex A.2 (Form A2-4), the Power
Generating Modules can retain Type Tested status.
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10.1.4 Type Tested Interface Protection shall have protection P
settings set during manufacture. An Interface Protection
device or relay can only be considered Type Tested if:

(&) The frequency and LoM protection settings are
factory set in firmware by the Manufacturer to those
in Table 10.1 and cannot be changed outside the
factory (except as provided by (e) below).

(b) The voltage protection settings are factory set to
those in Table 10.1 and can be changed by
agreement with the DNO and by personnel
specifically instructed by the Generator to make this
change.

(c) The access by the personnel specifically instructed
shall be controlled by a password, pin or a physical
switch that has the facility to be sealed.

(d) Any Interface Protection device functionality other
than the voltage protection settings (eg such as any
auto reclosing functionality) can only be changed by
personnel specifically empowered to do so by the
Generator.

(e) Any changes to device firmware etc, where Type
Tested status is to be retained, outside of the
original factory environment shall be undertaken by
personnel specifically empowered and equipped for
that task by the Manufacturer.

10.1.5 Once the Power Generating Modules has been installed P
and commissioned the protection settings shall only be
altered following written agreement between the DNO
and the Generator.

10.1.6 In exceptional circumstances additional protection may P
be required by the DNO to protect the Distribution
Network and its Customers from the Power Generating
Module.

10.1.7 Note that where the Generator installs an Export Limiting P
Scheme in accordance with EREC G100 the installation
will also need to comply with the requirements of that
EREC.

10.2 Co-ordinating with DNO’s Distribution Network’s Existing Protection P
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10.2.1 It will be necessary for the protection associated with P
Power Generating Modules to co-ordinate with the
Protection associated with the DNO’s Distribution
Network as follows:

(a) For Power Generating Modules directly connected
to the DNO’s Distribution Network the Power
Generating Module must meet the target clearance
times for fault current interchange with the DNO’s
Distribution Network in order to reduce to a
minimum the impact on the DNO’s Distribution
Network of faults on circuits owned by the
Generator. The DNO will ensure that the DNO
protection settings meet its own target clearance
times.

The target clearance times are measured from fault
current inception to arc extinction and will be
specified by the DNO to meet the requirements of
the relevant part of the Distribution Network.

(b) The settings of any protection controlling a circuit
breaker or the operating values of any automatic
switching device at any point of connection with the
DNO'’s Distribution Network, as well as the
Generator’'s maintenance and testing regime, shall
be agreed between the DNO and the Generator in
writing during the connection consultation process.

It will be necessary for the Power Generating Module P
protection to co-ordinate with any auto-reclose policy
specified by the DNO. In particular the Power Generating
Module protection should detect a loss of mains situation
and disconnect the Power Generating Module in a time
shorter than any auto reclose dead time. This should
include an allowance for circuit breaker operation and
generally a minimum of 0.5 s should be allowed for this.
For auto-reclosers set with a dead time of 3 s, this
implies a maximum Interface Protection response time of
2.5 s. Where auto-reclosers have a dead time of less
than 3 s, there may be a need to reduce the operating
time of the Interface Protection. For Type Tested Power
Park Modules no changes are required to the operating
times irrespective of the auto-reclose times. In all other
cases where the auto-recloser dead time is less than 3 s
the Generator will need to agree site-specific Interface
Protection settings with the DNO.

10.2.2 Specific protection required for Power Generating P
Modules
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In addition to any protection installed by the Generator to p
meet his own requirements and statutory obligations on
him, the Generator must install protection to achieve the
following objectives:

(@) For all Power Generating Modules:

i. To disconnect the Power Generating Module
from the system when a system abnormality
occurs that results in an unacceptable deviation
of the frequency or voltage at the Connection
Point, recognizing the requirements to ride
through faults as detailed in Sections 12.3 and
13.4;

ii. To ensure the automatic disconnection of the
Power Generating Module, or where there is
constant supervision of an installation, the
operation of an alarm with an audio and visual
indication, in the event of any failure of supplies
to the protective equipment that would inhibit its
correct operation.

(b) For polyphase Power Generating Modules: P

i.  To inhibit connection of Power Generating
Modules to the system unless all phases of the
DNO’s Distribution Network are present and
within the agreed ranges of protection settings;

ii. To disconnect the Power Generating Module
from the system in the event of the loss of one
or more phases of the DNO’s Distribution
Network;

(c) For single phase Power Generating Modules: N/A

i.  To inhibit connection of Power Generating
Modules to the system unless that phase of the
DNO’s Distribution Network is present and
within the agreed ranges of protection settings;

ii. To disconnect the Power Generating Module
from the system in the event of the loss of that
phase of the DNO'’s Distribution Network;

10.3 Protection Requirements

10.3.1 Suitable protection arrangements and settings will
depend upon the particular Generator installation and the
requirements of the DNO’s Distribution Network. These
individual requirements must be ascertained in
discussions with the DNO. To achieve the objectives
above, the protection must include the detection of:

o Under Voltage (1 stage);

e  Over Voltage (2 stage);

o Under Frequency (2 stage);
e  Over Frequency (1 stage);
e Loss of Mains (LoM).
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The LoM protection will depend for its operation on the P
detection of some suitable parameter, for example, rate
of change of frequency (RoCoF), or unbalanced
voltages. More details on LoM protection are given in
Section 10.4.

10.3.2 The protective equipment, provided by the Generator, to P
meet the requirements of this section must be installed in
a suitable location that affords visual inspection of the
protection settings and trip indicators and is secure from
interference by unauthorised personnel.

10.3.3 Installation of automatic reconnection systems for Type | Type B, C, D Power P
B, Type C and Type D shall be subject to prior Generating Modules
authorisation by the DNO. Unless Generators of Type D
Power Generating Modules have prior authorisation from
the DNO for the installation of automatic reconnection
systems, they must obtain authorisation from the DNO,
or NETSO as applicable, prior to synchronisation.

10.3.4 The frequency and voltage at the DNQO’s side of the P
supply terminals at the Connection Point must be within
the frequency and voltage ranges of the Interface
Protection as listed in paragraph 10.6.7 for at least 20 s
before the Power Generating Module is allowed to
automatically reconnect to the DNQO’s Distribution
Network. There is in general no maximum admissible
ramp rate for Active Power output on connecting or
reconnecting, although it is a requirement to state the
assumed maximum ramp rate for the Power Generating
Module as part of the application for connection.

10.3.5 If automatic resetting of the protective equipment is used, P
there must be a time delay to ensure that healthy supply
conditions exist for a minimum continuous period of 20 s.
Reset times may need to be co-ordinated where more
than one Power Generating Module is connected to the
same feeder. The automatic reset must be inhibited for
faults on the Generator’s Installation.

10.3.6 Protection equipment is required to function correctly p
within the environment in which it is placed and shall
satisfy the following standards:

e BS EN 61000 (Electromagnetic Standards);
e BS EN 60255 (Electrical Relays);
e BS EN 61810 (Electrical Elementary Relays);

e BS EN 60947 (Low Voltage Switchgear and Control
gear);

e BS EN 61869 (Instrument Transformers; Additional
requirements for current transformers).

e  Where these standards have more than one part,
the requirements of all such parts shall be satisfied,
so far as they are applicable.
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10.3.7 Protection equipment and protection functions may be P
installed within, or form part of the Power Generating
Module control equipment as long as:

(a) the control equipment satisfies all the requirements
of Section 10 including the relevant standards
specified in paragraph 10.3.6;

(b) the Power Generating Module shuts down in a
controlled and safe manner should there be an
equipment failure that affects both the protection
and control functionality, for example a power supply
failure or microprocessor failure; and

(c) (c) the equipment is designed and installed so that
protection calibration and functional tests can be
carried out easily and safely using secondary
injection techniques (ie using separate Low Voltage
test equipment).

10.3.8 The health of protection tripping and/or auxiliary supplies P
must be monitored such that any failure of these supplies
is either brought to the immediate attention of the
Generator via an automatic alarm that is monitored by
the Generator in real time, or the failure of the protection
tripping and/or auxiliary supplies causes the Power
Generation Module to be tripped, and reconnection
prevented before restoration of the protection tripping
and/or auxiliary supplies that have been lost.

10.4 Loss of Mains (LoM)

10.4.1 To achieve the objectives of Section 10.1.1, in addition to
protection installed by the Generator for his own
purposes, the Generator must install protection to
achieve (amongst other things) disconnection of the
Power Generating Module from the Distribution Network
in the event of loss of one or more phases of the DNOs

supply.

10.4.2 LoM protection is required for all Type A, Type B and P
Type C Power Generating Modules. For Type D Power
Generating Modules the DNO will advise if LoM
protection is required. The requirements of paragraph
10.6.2 apply to LoM protection for all Power Generating
Modules.

10.4.3 A problem can arise for Generators who operate a Power P
Generating Module in parallel with the Distribution
Network prior to a failure of the network supply because
if their Power Generating Module continues to operate in
some manner, even for a relatively short period of time,
there is a risk that when the network supply is restored
the Power Generating Module will be out of Synchronism
with the Total System and suffer damage. LoM protection
can be employed to disconnect the Power Generating
Module immediately after the supply is lost, thereby
avoiding damage to the Power Generating Module.
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10.4.4 Where the amount of Distribution Network load that the P
Power Generating Module will attempt to pick up
following a fault on the Distribution Network is
significantly more than its capability the Power
Generating Module will rapidly disconnect, or stall.
However, depending on the exact conditions at the time
of the Distribution Network failure, there may or may not
be a sufficient change of load on the Power Generating
Module to be able to reliably detect the failure. The
Distribution Network failure may result in one of the
following load conditions being experienced by the Power
Generating Module:

(&) The load may slightly increase or reduce, but remain
within the capability of the Power Generating
Module. There may even be no change of load;

(b) The load may increase above the capability of the
prime mover, in which case the Power Generating
Module will slow down, even though the alternator
may maintain voltage and current within its capacity.
This condition of speed/frequency reduction can be
easily detected; or

(c) The load may increase to several times the
capability of the Power Generating Module, in which
case the following easily detectable conditions will
occur:

e  Overload and accompanying speed/frequency
reduction

e  Over current and under voltage on the alternator

10.4.5 Conditions (b) and (c) are easily detected by the under P
and over voltage and frequency protection required in
this document. However, condition (a) presents most
difficulty, particularly if the load change is extremely small
and therefore there is a possibility that part of the
Distribution Network supply being supplied by the Power
Generating Module will be out of Synchronism with the
Total System. LoM protection is designed to detect these
conditions.

10.4.6 LoM signals can also be provided by means of P
intertripping signals from circuit breakers that have
operated in response to the Distribution Network fault.
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10.4.7 The LoM protection can utilise one or a combination of See appended table. P
the passive protection principles such as reverse Active
Power flow, reverse Reactive Power and rate of change
of frequency (RoCoF). Alternatively, active methods such
as reactive export error detection or frequency shifting
may be employed. These may be arranged to trip the
interface circuit breaker at the DNO Generator interface,
thus, leaving the Power Generating Module available to
satisfy the load requirements of the site or the Power
Generating Module circuit breaker can be tripped, leaving
the breaker at the interface closed and ready to resume
supply when the Distribution Network supply is restored.
The most appropriate arrangement is subject to
agreement between the DNO and Generator.

10.4.8 Protection based on measurement of reverse flow of P
Active Power or Reactive Power can be used when
circumstances permit and must be set to suit the Power
Generating Module rating, the site load conditions and
requirements for Reactive Power.

10.4.9 Where the Power Generating Facility capacity is such P
that the site will always import power from the
Distribution Network, a reverse power relay may be used
to detect failure of the supply. It will usually be
appropriate to monitor all three phases for reverse
power.

10.4.10 |However, where the Power Generating Facilities normal P
mode of operation is to export power, it is not possible to
use a reverse power relay and consequently failure of the
supply cannot be detected by measurement of reverse
power flow. The protection should then be specifically
designed to detect loss of the mains connection using
techniques to detect the rate of change of frequency
and/or Power Factor. All these techniques are
susceptible to Distribution Network conditions and the
changes that occur without islanding taking place. These
relays must be set to prevent islanding but with the best
possible immunity to unwanted nuisance operation.

10.4.11 | RoCoF relays use a measurement of the period of the P
mains voltage cycle. The RoCoF technique measures the
rate of change in frequency caused by any difference
between prime mover power and electrical output power
of the Power Generating Module over a number of
cycles. RoCoF relays should normally ignore the slow
changes but respond to relatively rapid changes of
frequency which occur when the Power Generating
Module becomes disconnected from the Total System.
The voltage vector shift technique is not an acceptable
loss of mains protection.
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10.4.12 | Should spurious tripping present a nuisance to the P
Generator, the cause must be jointly sought with the
DNO. Raising settings on any relay to avoid spurious
operation may reduce a relay's capability to detect
islanding and it is important to evaluate fully such
changes. Annex D.2 provides some guidance for
assessments, which assume that during a short period of
islanding the trapped load is unchanged. In some
circumstances it may be necessary to employ a different
technique, or a combination of techniques to satisfy the
conflicting requirements of safety and avoidance of
nuisance tripping. In those cases where the DNO
requires LoM protection this must be provided by a
means not susceptible to spurious or nuisance tripping,
eg intertripping.

10.4.13 | For a radial or simple Distribution Network controlled by P
circuit breakers that would clearly disconnect the entire
circuit and associated Power Generating Module, for a
LoM event an intertripping scheme can be easy to design
and install. For meshed or ring Distribution Networks, it
can be difficult to define which circuit breakers may need
to be incorporated in an intertripping scheme to detect a
LoM event and the inherent risks associated with a
complex system should be considered alongside those
associated with a using simple, but potentially less
discriminatory LoM relay.

10.4.14 | ltis the responsibility of the Generator to incorporate P
what they believe to be the most appropriate technique
or combination of techniques to detect a LoM event in his
protection systems. This will be based on knowledge of
the Power Generating Module, site and network load
conditions. The DNO will assist in the decision making
process by providing information on the Distribution
Network and its loads. The settings applied must be
biased to ensure detection of islanding under all practical
operating conditions.

10.5 Additional DNO Protection

10.5.1 Following the DNO connection study, the risk presented
to the Distribution Network by the connection of a Power
Generating Module may require additional protection to

be installed and may include the detection of:

e Neutral Voltage Displacement (NVD);
Over Current;

o  Earth Fault;

e Reverse Power.

10.5.2 Neutral Voltage Displacement (NVD) Protection N/A
10.6 Protection Settings P
10.6.1 The following notes aim to explain the settings P

requirements as given in Section 10.6.7 below.
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10.6.2 Loss of Mains See appended table.

A LoM protection of the RoCoF type will generally be
appropriate for Type A, Type B and Type C Power
Generating Modules, but this type of LoM protection must
not be installed for Power Generating Facilities at or
above 50 MW. In those cases where the DNO requires
LoM protection this must be provided by a means not
susceptible to spurious or nuisance tripping, eg
intertripping.

10.6.3 Under Voltage See appended table.

In order to help maintain Total System Stability, the
protection settings aim to facilitate transmission fault ride
through capability (as required in Sections 12.3 and 13.3
below). The overall aim is to ensure that Power
Generating Module is not disconnected from the
Distribution Network unless there is material disturbance
on the Distribution Network, as disconnecting generation
unnecessarily will tend to make an under voltage
situation worse. To maximize the transmission fault ride
through capability a single undervoltage setting of - 20%
with a time delay of 2.5 s should be applied.

10.6.4 Over Voltage See appended table.

Over voltages are potentially more dangerous than under
voltages and hence the acceptable excursions from the
norm are smaller and time delays shorter, a 2-Stage over
voltage protection6 is to be applied as follows:

e Stage 1 (LV) should have a setting of +14% (ie the
LV statutory upper voltage limit of +10%, with a
further 4% permitted for voltage rise internal to the
Generator’s Installation and measurement errors ),
with a time delay of 1.0 s (to avoid nuisance tripping
for short duration excursions);

e Stage 2 (LV) should have a setting of +19% with a
time delay of 0.5 s (ie recognising the need to
disconnect quickly for a material excursion);

e Stage 1 (HV) should have a setting of +10% with a P
time delay of 1.0 s (ie the HV statutory upper voltage
limit of +6%, with a further 4% permitted for voltage
rise internal to the Generator’s Installation and
measurement errors), with a time delay of 1.0 s to
avoid nuisance tripping for short duration
excursions);

e  Stage 2 (HV) should have a setting of +13% with a
time delay of 0.5 s (ie recognising the need to
disconnect quickly for a material excursion).
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To achieve high utilisation and Distribution Network P
efficiency, it is common for the HV Distribution Network
to be normally operated near to the upper statutory
voltage limits. The presence of Power Generating
Module within such Distribution Network may increase
the risk of the statutory limit being exceeded, eg when
the Distribution Network is operating abnormally. In such
cases the DNO may specify additional over voltage
protection at the Power Generating Module Connection
Point. This protection will typically have an operating time
delay long enough to permit the correction of transient
over voltages by automatic tap-changers.

10.6.5 Over Frequency

Power Generating Modules are required to stay See appended table.
connected to the Total System for frequencies up to 52
Hz for up to 15 minutes so as to provide the necessary
regulation to control the Total System frequency to a
satisfactory level. In order to prevent the unnecessary
disconnection of a large volume of smaller Power
Generating Module for all LV and HV connected Power
Generating Module a single stage protection is to be
applied that has a time delay of 0.5 s and a setting of 52
Hz. If the frequency rises to or above 52 Hz as the result
of an undetected islanding condition, the Power
Generating Module will be disconnected with a delay of
0.5 s plus circuit breaker operating time.

10.6.6 Under Frequency

All Power Generating Facilities are required to maintain | See appended table.
connection unless the Total System frequency falls below
47.5 Hz for 20 s or below 47 Hz.

For all LV and HV connected Power Generating Module,
the following 2-stage under frequency protection should

be applied:
e  Stage 1 should have a setting of 47.5 Hz with a time
delay of 20 s;
e  Stage 2 should have a setting of 47.0 Hz with a time
delay of 0.5 s;
10.6.7 Protection Settings P
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10.6.7.1 p
(1) HV and LV Protection settings are to be applied p

according to the voltage at which the voltage related
protection reference is measuring, eg:

« If the EREC G99 protection takes its voltage reference
from an LV source then LV settings shall be applied.
Where a private non standard LV network exists the
settings shall be calculated from HV settings values as
indicated by Section 10.6.14;

« If the EREC G99 protection takes its voltage reference
from an HV source then HV settings shall be applied.

TA value of 230 V shall be used in all cases for Power
Generating Facilities connected to a DNO’s LV
Distribution Network ie the U/V LV trip setting is 184 V,
the O/V stage 1 setting is 262.2 V and the O/V stage 2
setting is 273.7 V.

TA value to suit the nominal voltage of the HV
Connection Point.

* Might need to be reduced if auto-reclose times are <3 s.
(see 10.2.1).

# Intertripping may be considered as an alternative to the
use of a LoM relay.

$ For voltages greater than 230 V +19% which are
present for periods 0f<0.5 s the Power Generating
Module is permitted to reduce/cease exporting in order to
protect the Power Generating Module.
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The required RoCoF protection requirement is expressed P
in Hertz per second (Hzs). The time delay should begin
when the measured RoCoF exceeds the threshold
expressed in Hzs. The time delay should be reset if
measured RoCoF falls below that threshold. The relay
must not trip unless the measured rate remains above
the threshold expressed in Hzs* continuously for 500 ms.
Setting the number of cycles on the relay used to
calculate the RoCoF is not an acceptable implementation
of the time delay since the relay would trip in less than
500 ms if the system RoCoF was significantly higher than
the threshold.

(2) Note that the times in the table are the time delays to P
be set on the appropriate relays. Total protection
operating time from condition detection to circuit breaker
opening will be of the order of 100 ms longer than the
time delay settings in the above table with most circuit
breakers, slower operation is acceptable in some cases.

The Manufacturer must ensure that the Interface P
Protection in a Type Tested Power Generating Module is
capable of measuring voltage to an accuracy of +1.5% of
the nominal value and of measuring frequency to + 0.2%
of the nominal value across its operating range of
voltage, frequency and temperature.

10.6.7.2 Table 10.2 — Settings for Infrequent Short-Term Parallel Operation Long-Term Parallel N/A
Type A, Type B and Type C Power Generating Module Operatlon'
Protection Function LV Protection HV Protection
; . Time Delay . . Time Delay
Trip Setting Setting Trip Setting Setting
uv Ve-nt -10% 05s Vo-9* -6% 05s
on Ve-nt + 14% 05s V-t + 6% 05s
U/F 49.5 Hz 05s 49.5 Hz 05s
O/F 50.5 Hz 05s 50.5 Hz 05s

TA value of 230 V shall be used in all cases for Power
Generating Facilities connected to a DNO’s LV
Distribution Network (ie the U/V LV trip setting is 207 V
and the O/V trip setting is 262.2 V).

FA value to suit the voltage of the HV Connection Point.

10.6.8 Over and Under voltage protection must operate P
independently for all three phases in all cases.

10.6.9 The settings in Table 10.1 should generally be applied to P
all Power Generating Modules. In exceptional
circumstances Generators have the option to agree
alternative settings with the DNO if there are valid
justifications in that the Power Generating Module may
become unstable or suffer damage with the settings
specified in Table 10.1. The agreed settings should be
recorded in the Connection Agreement.
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10.6.10

Once the settings of relays have been agreed between
the Generator and the DNO they must not be altered
without the written agreement of the DNO. Any revised
settings should be recorded again in the amended
Connection Agreement.

P

10.6.11

The under/over voltage and frequency protection may be
duplicated to protect the Power Generating Module when
operating in island mode although different settings may
be required.

10.6.12

For LV connected Power Generating Modules the
voltage settings will be based on the 230 V nominal
system voltage. In some cases Power Generating
Modules may be connected to LV systems with non-
standard operating voltages. Paragraph 10.6.14 details
how suitable settings can be calculated based upon the
HV connected settings in Table 10.1. Note that Power
Generating Modules with non-standard LV protection
settings need to be agreed by the DNO on a case by
case basis.

10.6.13

Where an installation contains Power Factor correction
equipment which has a variable susceptance controlled
to meet the Reactive Power demands, the probability of
sustained generation is increased. For LV installations,
additional protective equipment provided by the
Generator, is required as in the case of self-excited
asynchronous machines.

No such equipment used.

N/A

10.6.14

Non-Standard private LV networks calculation of
appropriate protection settings

N/A

10.6.15

The Generator shall provide a means of displaying the
protection settings so that they can be inspected if
required by the DNO to confirm that the correct settings
have been applied. The Manufacturer needs to establish
a secure way of displaying the settings in one of the
following ways:

(@) A display on a screen which can be read,;

(b) A display on an electronic device which can
communicate with the Power Generating Module
and confirm that it is the correct device by means of
a ldentification number / name permanently fixed to
the device and visible on the electronic device
screen at the same time as the settings;

(c) Display of all settings including nominal voltage and
current outputs, alongside the identification number /
name of the device, permanently fixed to the Power
Generating Module.
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The provision of loose documents, documents attached p
by cable ties etc., a statement that the device conforms
with a standard, or provision of data on adhesive paper
based products which are not likely to survive due to
fading, or failure of the adhesive, for at least 20 years is
not acceptable.

The protection arrangements (including changes to
protection arrangements) for individual schemes will be
agreed between the Generator and the DNO in
accordance with this document.

10.6.16 | Whilst the protection schemes and settings for internal P
electrical faults should mitigate any damage to the Power
Generating Module they must not jeopardise the
performance of a Power Generating Module, in line with
the requirements set out in this EREC.

10.6.17 | The Generator shall organise its protection and control P
devices in accordance with the following priority ranking
(from highest to lowest) for Type B, Type C and Type D
Power Generating Modules:

(@) network and Power Generating Module protection;
(b) synthetic inertia, if applicable;

(c) frequency control (Active Power adjustment -if any);
(d) power restriction (if any); and

(e) power gradient constraint (if any).

10.6.18 | For the avoidance of doubt where an internal fault on the P
Power Generating Module occurs during any significant
event on the Total System, the Power Generating
Module’s internal protection should trip the module to
ensure safety and minimise damage to the Power
Generating Module.

10.7 Typical Protection Application Diagrams Info.

10.7.1 This Section provides some typical protection application Info.
diagrams in relation to parallel operation of Power
Generating Modules within DNO Distribution Networks.
The diagrams only relate to DNO requirements in respect
of the connection to the Distribution Network and do not
necessarily cover the safety of the Generator’'s
Installation. The diagrams are intended to illustrate
typical installations.

11 TYPE A POWER GENERATING MODULE TECHNICAL REQUIREMENTS N/A
111 Power Generating Module Performance and Control |As Manufacturer declares, N/A
Requirements — General the test unit was Type B, C

and D Power Generating

Module.
11.2 Frequency response N/A
11.3 Fault Ride Through and Phase Voltage Unbalance N/A
114 Voltage Limits and Control N/A
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12 TYPE B POWER GENERATING MODULE TECHNICAL REQUIREMENTS
12.1 Power Generating Module Performance and Control Requirements - General
12.1.2 The Active Power output of a Power Generating Module

should not be affected by voltage changes within the
statutory limits declared by the DNO in accordance with
the ESQCR.

12.1.3 Power Generating Modules shall be equipped with a P
communication interface (input port) in order to be able to
reduce Active Power output following an instruction at the
input port.

12.1.4 The Power Generating Module and its associated control P
equipment shall be designed for stable operation in
parallel with the Distribution Network.

12.1.5 Load flow and System Stability studies may be P
necessary to determine any output constraints or post
fault actions necessary for n-1 fault conditions and
credible n-2 conditions (where n-1 and n-2 conditions are
the first and second outage conditions as, for example,
specified in EREC P2) involving a mixture of fault and
planned outages. The Connection Agreement should
include details of the relevant outage conditions. It may
be necessary under these fault conditions, where the
combination of Power Generating Module output, load
and through flow levels leads to circuit overloading, to
rapidly disconnect or constrain the Power Generating

Module.
12.2 Frequency response
12.2.1 Under abnormal conditions automatic low-frequency

load-shedding provides for load reduction down to 47 Hz.
In exceptional circumstances, the frequency of the
DNO'’s Distribution Network could rise above 50.5 Hz.
Therefore all Power Generating Modules should be
capable of continuing to operate in parallel with the
Distribution Network in accordance with the following:

a) 47 Hz-47.5 Hz Operation for a period of at least 20 | See appended table. p
s is required each time the frequency is within this
range.

b) 47.5Hz —49.0 Hz Operation for a period of at least
90 minutes is required each time the frequency is
within this range.

c) 49.0 Hz —51.0 Hz Continuous operation of the
Power Generating Module is required.

d) 51.0 Hz -51.5 Hz Operation for a period of at least
90 minutes is required each time the frequency is
within this range.

e) 51.5Hz — 52 Hz Operation for a period of at least 15
minutes is required each time the frequency is within
this range.
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12.2.2

With regard to the rate of change of frequency withstand
capability, a Power Generating Module shall be capable
of staying connected to the Distribution Network and
operate at rates of change of frequency up to 1 Hzs? as
measured over a period of 500 ms unless disconnection
was triggered by a rate of change of frequency type loss
of mains protection or by the Power Generating Module’s
own protection system for a co-incident internal fault as
detailed in paragraph 10.6.18.

P

12.2.3

Output power with falling frequency

12.2.3.1

Each Power Generating Module, must be capable of:

a) continuously maintaining constant Active Power
output for system frequency changes within the
range 50.5 to 49.5 Hz; and

b) (subject to the provisions of paragraph 12.2.1)
maintaining its Active Power output at a level not
lower than the figure determined by the linear
relationship shown in Figure 12.1 for system
frequency changes within the range 49.5 to 47 Hz
for all ambient temperatures up to and including
25°C, such that if the system frequency drops to 47
Hz the Active Power output does not decrease by
more than 5%.

\ ; T
47.0 Frequency 48.8

49.5

50.5
100% of Active
Power

For CCGT,

Module: !
brofile to be met |
fora minimum  of |
5 minutes

95% of Active
Power

Figure 12.1 Change in Active Power with falling frequency

12.2.3.2

For the avoidance of doubt in the case of a Power
Generating Module using an Intermittent Power Source
where the power input will not be constant over time, the
requirement is that the Active Power output shall be
independent of system frequency under (a) above and
should not drop with system frequency by greater than
the amount specified in (b) above.
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12.2.3.2 | Electricity Storage Power Generation Modules can Not Electricity Storage N/A
support the Total System by being arranged to Power Generation

automatically respond to falling frequency in line with the | Modules
characteristic of Figure 12.2 until the stored energy is
depleted.

Export

A, 1o Registered
L 7 A A/, 0.95 Capacity

Hz g T T

470 415 480 48.5

.................................................................................... 1.0 Rated Import
Capacity

Import

Figure 12.2 Change in Active Power of Electricity Storage Device with falling
frequency (not to scale)

12.2.4 Limited Frequency Sensitive Mode — Over frequency

12.2.4.1 |Each Power Generating Module shall be capable of See appended table.
reducing Active Power output in response to frequency
on the Total System when this rises above 50.4 Hz. The
Power Generating Module shall be capable of operating
stably during LFSM-O operation. If a Power Generating
Module has been contracted to operate in Frequency
Sensitive Mode the requirements of LFSM-O shall apply
when frequency exceeds 50.5 Hz.

(@) The rate of change of Active Power output must be P
at a minimum a rate of 2% of output per 0.1 Hz
deviation of system frequency above 50.4 Hz (ie a
Droop of 10%) as shown in Figure 12.2. For the
avoidance of doubt, this would not preclude a
Generator from designing their Power Generating
Module with a Droop of less than 10%, but in all
cases the Droop should be 2% or greater.

(b) The Power Generating Module shall be capable of P
initiating a power frequency response with an initial
delay that is as short as possible. If the initial delay
exceeds 2 s the Generator shall justify the delay,
providing technical evidence to the DNO, who will
pass this evidence to the NETSO.

(c) For deviations in frequency up to 50.9 Hz at least P
half of the proportional reduction in Active Power
output shall be achieved within 10 s of the time of
the frequency increase above 50.4 Hz.

(d) For deviations in frequency beyond 50.9 Hz the P
measured rate of change of Active Power reduction
shall exceed 0.5% s-! of the initial output.
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(e) The LFMS-O response shall be reduced when the P
frequency subsequently falls again and, when to a
value less than 50.4 Hz, at least half the proportional
increase in Active Power shall be achieved in 10 s.
For a frequency excursion returning from beyond
50.9 Hz the measured rate of change Active Power
increase shall exceed 0.5% s™.

() If the reduction in Active Power is such that the P
Power Generation Module reaches its Minimum
Stable Operating Level, it shall continue to operate
stably at this level.

& P
Prel
A
+0.54 -+ P,is the Registered Capacity (taking into
account any Generating Units not in service)
49.5 50.5 51 51.5 52 52.5
¥ - t T >
f i NP Hz
10% droop
-0.51
2% droop
B T Rocsnianpiaig

Prt is the reference Active Power to which AP is related and. AP is the change in Active Power
output from the Power Generating Module.

Figure 12.3 Active Power Frequency Response capability when
operating in LFSM-O

12.2.4.2 | When the Power Generating Module is providing Limited P
Frequency Sensitive Mode Over frequency (LFSM-O)
response it must continue to provide the frequency
response until the frequency has returned to, or is below,
50.4 Hz.

12.2.4.3 | Steady state operation below Minimum Stable Operating P
Level is not expected but if system operating conditions
cause operation below Minimum Stable Operating Level
which give rise to operational difficulties then the
Generator shall be able to return the output of the Power
Generating Module to an output of not less than the
Minimum Stable Operating Level.

12.3 Fault Ride Through and Phase Voltage Unbalance

12.3.1 Paragraphs 12.3.1.1 to 12.3.1.7 inclusive set out the
Fault Ride Through, principles and concepts applicable
to Synchronous Power Generating Modules and Power
Park Modules, subject to disturbances from faults on the
Network up to 140 ms in duration.

12.3.1.1 |Each Synchronous Power Generating Module and P
Power Park Module is required to remain connected
and stable for any balanced and unbalanced fault where
the voltage at the Connection Point remains on or above
the heavy black line shown in Figures 12.3 and 12.4
below.
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12.3.1.2 | The voltage against time curves defined in Table 12.1 P
and Table 12.2 express the lower limit (expressed as the
ratio of its actual value and its reference 1pu) of the
actual course of the phase to phase voltages (or phase
to earth voltage in the case of asymmetrical/unbalanced
faults) on the network voltage level at the Connection
Point during a symmetrical or asymmetrical/unbalanced
fault, as a function of time before, during and after the
fault.

12.3.1.3 Connection Point A

Voltage (p.u) NOT TOSCALE

1.0
0.9
(Urec2)

0.7 ... S
(Uclear]
(Urect)

0.3 |..
(Uret)

| I i |

0.0 t t t T T T T

0 0.14 0.45 1.50
(tclear) (trec2) (trec3)
(trec1)

Time (s)

Figure 12.4 - Voltage against time curve applicable to Type B
Synchronous Power Generating Modules

12.3.1.4 Table 12.1 Voltage against time parameters applicable to Type B N/A
Synchronous Power Generating Modules
Voltage parameters Time parameters
(pu) (s)

Unel 0.3 totear 0.14
Uclaar 0.7 trect 0.14
Urect 0.7 trecz 0.45
Urec2 0.9 treca 15
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Connection Point
12.3.1.5 Vatage (.0 NOTTOSCALE P
1.00
(Ur;cl)
0.10
(Uret)
(Uclear)
{Urec1) H H
0.00 t t t 1 /S t -
o 0.14 2.20 180

({tclear) (trec3) Time (s)
(trec1)
(trec2)

Figure 12.5 - Voltage against time curve applicable to Type B Power Park

Modules
12.3.1.6 Table 12.2 Voltage against time parameters applicable to Type B Power P
Park Modules
Voltage parameters {pu) Time parameters (s)
U ret 01 tetear 014
1 clesr 0.10 trect 014
U rect 0.10 trecz 014
U recz 0.8s treca 2.2

12.3.1.7 |In addition to the requirements in 12.3.1.2 to 12.3.1.6:

(@) Each Power Generating Module shall be capable of
satisfying the above requirements at the Connection
Point when operating at Registered Capacity output
and maximum leading Power Factor as specified in
paragraph 12.5.1.

(b) The pre-fault voltage shall be taken to be 1.0 pu and P
the post fault voltage shall not be less than 0.9 pu.

(c) The DNO will publish fault level data under P
maximum demand conditions in the Long Term
Development Statements. To allow a Generator to
model the Fault Ride Through performance of its
Power Generating Modules, the DNO will provide
generic fault level values derived from typical cases.
Where necessary, on reasonable request the DNO
will specify the pre-fault and post fault short circuit
capacity (in MVA) at the Connection Point and will
provide additional network data as may reasonably
be required for the Generator to undertake such
study work.
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(d) The protection schemes and settings for internal
electrical faults shall not jeopardise Fault Ride
Through performance as specified in Section 12.3.
For the avoidance of doubt where an internal fault
on the Power Generating Module occurs during a
Fault Ride Through condition, the Power Generating
Module’s internal protection should trip the module
to ensure safety and minimise damage.

P

(e) Each Power Generating Module shall be designed
such that within 0.5 s of restoration of the voltage at
the Connection Point to 90% of nominal voltage or
greater, Active Power output shall be restored to at
least 90% of the level immediately before the fault.
Once Active Power output has been restored to the
required level, Active Power oscillations shall be
acceptable provided that:

i. The total active energy delivered during the period of
the oscillations is at least that which would have been
delivered if the Active Power was constant.

ii. The oscillations are adequately damped.

iii. In the event of power oscillations, Power Generating
Modules shall retain steady state stability when operating
at any point on the Generator Performance Chart.

For Power Park Modules, comprising switched reactive
compensation equipment (such as mechanically
switched capacitors and reactors), such switched
reactive compensation equipment shall be controlled
such that it is not switched in or out of service during the
fault but may act to assist in post fault voltage recovery.

12.3.2

In addition to paragraphs 12.3.1.1 — 12.3.1.7, where it
has been specifically agreed between the DNO and the
Generator that a Power Generating Facility will contribute
to the DNO’s Distribution Network security (eg for
compliance with EREC P2) the Power Generating
Module(s) may be required to withstand, without tripping,
the effects of a close up three phase fault and the Phase
(Voltage) Unbalance imposed during the clearance of a
close-up phase-to-phase fault, in both cases cleared by
the DNO’s main protection. The DNO will advise the
Generator in each case of the likely tripping time of the
DNO'’s protection, and for phase-phase faults, the likely
value of Phase (Voltage) Unbalance during the fault
clearance time

12.3.3

In the case of phase to phase faults on the DNO’s
Distribution Network that are cleared by system back-up
protection which will be within the plant short time rating
on the DNO’s Distribution Network the DNO, on request
during the connection process, will advise the Generator
of the expected Phase (Voltage) Unbalance.

12.3.4

Other Fault Ride Through Requirements

N/A
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(a) In the case of a Power Park Module, the requirements N/A
in this Section 12.3. do not apply when the Power Park
Module is operating at less than 5% of its Registered
Capacity or during very high primary energy source
conditions when more than 50% of the Generating Units
in a Power Park Module have been shut down or
disconnected under an emergency shutdown sequence
to protect Generator’s plant and apparatus.

(b) For the avoidance of doubt the requirements specified N/A
in this Section 12.3 do not apply to Power Generating
Modules connected to an unhealthy circuit and islanded
from the Distribution Network even for delayed auto
reclosure times.

124 Voltage Limits and Control

12.4.1 Where a Power Generating Module is remote from a
Network voltage control point it may be required to
withstand voltages outside the normal statutory limits. In
these circumstances, the DNO should agree with the
Generator the declared voltage and voltage range at the
Connection Point. Immunity of the Power Generating
Module to voltage changes of + 10% of the declared
voltage is recommended, subject to design appraisal of
individual installations.

12.4.2 The connection of a Power Generating Module to the P
Distribution Network shall be designed in such a way that
operation of the Power Generating Module does not
adversely affect the voltage profile of and voltage control
employed on the Distribution Network. ETR 126 provides
DNOs with guidance on active management solutions to
overcome voltage control limitations. Information on the
voltage regulation and control arrangements will be made
available by the DNO if requested by the Generator.

12.4.3 Excitation Performance Requirements N/A

12.4.3.1 |Each Synchronous Generating Unit within a N/A
Synchronous Power Generating Module shall be
equipped with a permanent automatic Excitation System
that has the capability to provide constant terminal
voltage (assuming a high enough Network source
impedance to allow the Power Generating Module to
achieve this while remaining within its ratings) at a
selectable setpoint without instability over the entire
operating range of the Synchronous Power Generating
Module.
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12.4.3.2 | The DNO will agree with the Generator the operation of P
the control system of the Synchronous Power Generating
Module or Power Park Module such that it shall
contribute, as agreed, to voltage control or Reactive
Power control or Power Factor control at the Connection
Point. In some cases, for example, on large industrial
sites etc where the Power Generating Module is
embedded in the Generator’s Installation, the DNO and
Generator might agree a different control point, such as
the Power Generating Module’s terminals. The
performance requirements of the control system
including Slope (where applicable) shall be agreed
between the DNO and the Generator.

12.4.3.3 | As part of the connection application process the P
Generator shall agree with the DNO the set points of the
control scheme for voltage control, Power Factor control
or Reactive Power control as appropriate. These
settings, and any changes to these settings, shall be
agreed with the DNO and recorded in the Connection
Agreement. The information to be provided is detailed in
Schedule 5a and Schedule 5b of the Data Registration
Code.

12.4.4 The final responsibility for control of Distribution Network P
voltage does however remain with the DNO.

12.4.5 Automatic Voltage Control (AVC) schemes employed by P
the DNO often assume that power flows from parts of the
Distribution Network operating at a higher voltage to
parts of the Distribution Network operating at lower
voltages. Export from Power Generating Modules in
excess of the local loads may result in power flows in the
reverse direction. In this case AVC referenced to the Low
Voltage side may not operate correctly without an import
of Reactive Power and relay settings appropriate to this
operating condition. When load current compounding is
used with the AVC and the penetration level of Power
Generating Modules becomes significant compared to
normal loads, it may be necessary to switch any
compounding out of service.

12.4.6 Power Generating Modules can cause problems if P
connected to networks employing AVC schemes which
use negative reactance compounding and line drop
compensation due to changes in Active Power and
Reactive Power flows. ETR 126 provides guidance on
connecting generation to such networks using technigues
such as removing the generation circuit from the AVC
scheme using cancellation CTs.

12.5 Reactive Capability P
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12.5.1 When supplying Registered Capacity all Power P
Generating Modules shall be capable of continuous
operation at any points between the limits of 0.95 Power
Factor lagging and 0.95 Power Factor leading at the
Connection Point or the Generating Unit terminals as
appropriate for the Power Generating Facility and as
agreed with the DNO.

12.5.2 At Active Power output levels other than Registered P
Capacity, all Synchronous Power Generating Modules or
Generating Units within a Power Park Module shall be
capable of continuous operation at any point between the
Reactive Power capability limits identified on the
Generator Performance Chart. Generators should take
any site demand such as auxiliary supplies and the
Active Power and Reactive Power losses of the Power
Generating Module transformer or Station Transformer
into account unless advised otherwise by the DNO.

12.5.3 Where the Power Generating Module is contained within P
a Customer’s Installation comprising both demand and
generation the DNO will advise the Generator if it is more
appropriate for the Power Factor requirements to be
specified at the Power Generating Module terminals,
rather than at the Connection Point. Any specific Power
Factor requirements will be documented in the
Connection Agreement.

12.6 Fast Fault Current Injection

12.6.1 Fast Fault Current injection is necessary to support the
Total System during a fault on the Transmission System.
The design of Fast Fault Current injection is tailored to
this, and does not relate directly to faults on the
Distribution Network, not least as those will tend to have
longer clearing times than those of the Transmission
System for which Fast Fault Current injection is
designed. In this Section 12.6 the faults referred to are
Transmission System faults which clear within 140 ms
and which will be seen in the Distribution Network as a
voltage depression. For this section 12.6 voltage and
current quantities are assumed to be positive phase
sequence values.

12.6.2 Each Power Park Module shall be required to satisfy the P
following requirements:

(a) For any balanced fault on the Transmission System P
which results in the voltage at the Connection Point
falling below 0.9 pu each Power Park Module shall,
unless otherwise agreed with the DNO, be required
to inject a reactive current IR that lies above the
heavy black line shown in Figure 12.6.
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(b) Figure 12.6 defines the reactive current IR that is to P
be supplied during a fault on the Transmission
System and which is dependent on the pre-fault
operating conditions, and the voltage retained at the
Connection Point. Each Power Park Module shall
inject a reactive current Ir which shall not be less
than its pre-fault reactive current and which shall as
a minimum increase with the fall in retained voltage
each time the retained voltage at the Connection
Point falls below 0.9 pu, whilst ensuring that the
overall rating of the Power Park Module is not
exceeded.

Connection Point Voltage (pu)

/ Normal operation

NOT TO SCALE

Operation is not required beyond 1.0pu

: : but this would not prevent a Power
05 S ——— Park Module supplying more reactive
cuent shoulditwish to do so

-0.312 o} 0.312 1.0 Reactive current Iy (pu)

Figure 12.6 — locus of magnitude of injected Reactive Current

(c) In addition each Power Park Module shall be P
required to satisfy the reactive current requirements
shown in Figures 12.7 which shows how the reactive
current should be injected over time from the fault
inception. The injected current shall be above the
shaded area shown in Figure 12.7 (a) and Figure
12.7 (b) with priority being given to reactive current
injection with any residual capability being supplied
as active current. Under any fault condition, where
the voltage falls below 0.9 pu, there would be no
requirement for any Power Park Module or
constituent Generating Unit to exceed its transient or
steady state rating.

I (pu)
»

NOT TO
Acceptable envelope of reactive current injection above SCALE
shaded area
I is a function of the retained voltage fromFigure 12.5 and which
Is not required to exceed 1.0pu -
la
- Forbidden
0685xAlg Operating
* Ipretaat Area
B Blocking
7 Permitted
Foretaun ¥ >
0 20 60 ' 120 140 Time (ms)

Clearance

Figure 12.7(a) Chart showing area of reactive current injections for
voltage depressions of £ 140 ms duration
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Iz (pu) P
NOT TO -

SCALE
Acceptable envelope of reactive current injection above Forbidden
shaded area. Operating

Area

| functi f th t d volt: f F 12.5 and which
I is & function of the retained voltage from Figure an m)-»‘_ %///’

is not required to exceed 1.0pu

Blocking
Permitted

lr

0.65x Alg
* lpraraun

0 20 60 120 140 Time (ms)
Fault
Clearance

Figure 12.7(b) Chart showing area of Reactive Current injections for
voltage depressions of > 140 ms duration

(d) For the purposes of this requirement, the maximum P
rated current is taken to be the maximum current
each Generating Unit can supply when operating at
Registered Capacity and 0.95 Power Factor at a
nominal voltage of 1.0 pu.

(e) All Power Park Module equipment shall be designed P
to ensure a smooth transition between any of its
voltage, power factor or reactive control modes and
fault ride through mode in order to prevent the risk of
instability which could arise in the transition between
the steady state voltage operating range and
abnormal conditions where the retained voltage falls
below 0.90 pu of nominal voltage. Such a
requirement is necessary to ensure adequate
performance between the pre-fault operating
condition of the Power Park Module and its
subsequent behaviour under fault conditions.

() Each Power Park Module shall be designed to P
reduce the risk of transient over voltage levels
arising following clearance of the fault and in order
to mitigate the risk of any form of instability which
could result. Generators shall be permitted to block
or employ other means where the anticipated
transient over voltage would otherwise exceed the
1.05 pu of nominal. Figures 12.7 (a) and Figure 12.7
(b) show the impact of variations in fault clearance
time which shall be no greater than 140 ms. The
DNO may agree requirements for the maximum
transient over voltage withstand capability and
associated time duration. Such capability and
parameters will be recorded in the Connection
Agreement. Where the Generator is able to
demonstrate to the DNO that blocking or other
control strategies are required in order to prevent
the risk of transient over voltage excursions
Generators are required to both advise and agree
with the DNO the control strategy, which must also
include the approach taken to de-blocking.
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(g) To permit additional flexibility for example from P
Power Park Modules made up of full converter
Generating Units, DFIG Generating Units or
induction Generating Units, the DNO will permit
transient deviations below the shaded area shown in
Figures 12.7 (a) or Figure 12.7 (b) provided that the
overall reactive current supplied over time is greater
than the minimum requirement shown in Figures
12.7 (a) or Figure 12.7 (b). This agreement will be
formalised in the Connection Agreement.

(h) In the case of an unbalanced fault, each Park P
Module or each Generating Unit within a Power Park
Module shall be required to inject maximum reactive
current without exceeding the transient rating of the
Power Park Module (or constituent element thereof).

12.7 Operational monitoring

12.7.1 At each Power Generating Facility the DNO will install its
own Telecontrol/SCADA outstation which will generally
meet all the DNO’s necessary and legal operational data
requirements. The DNO will inform the Generator if
additional specific data are required.

13 TYPE C AND TYPE D POWER GENERATING MODULE TECHNICAL P
REQUIREMENTS

13.1 Power Generating Module Performance and Control Requirements P
13.1.1 The requirements of this Section 13 do not apply in full Info.
to:

(@) Power Generation Facilities that are designed and
installed for infrequent short-term parallel operation
only; or

(b) Electricity Storage Power Generation Modules within
the Power Generating Facility commissioned before
01 September 2022.

13.1.2 The Active Power output of a Power Generating Module P
should not be affected by voltage changes within the
statutory limits declared by the DNO in accordance with
the ESQCR.

13.1.3 Power Generating Modules shall be capable of adjusting P
the Active Power setpoint in accordance with instructions
issued by the DNO.

13.1.4 Any changes to the Active Power or voltage/Reactive P
Power control setpoints shall result in the Power
Generating Module achieving the new Active Power or
voltage/Reactive Power output, as appropriate, within 2
minutes.

13.1.5 Each item of a Power Generating Module and its P
associated control equipment shall be designed for
stable operation in parallel with the Distribution Network.
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13.1.6 Load flow and System Stability studies may be P
necessary to determine any output constraints or post
fault actions necessary for n-1 fault conditions and
credible n-2 conditions (where n-1 and n-2 conditions are
the first and second outage conditions as, for example,
specified in EREC P2) involving a mixture of fault and
planned outages. The Connection Agreement should
include details of the relevant outage conditions. It may
be necessary under these fault conditions, where the
combination of Power Generating Module output, load
and through flow levels leads to circuit overloading, to
rapidly disconnect or constrain the Power Generating

Module.
13.2 Frequency response
13.2.1 Under abnormal conditions automatic low-frequency

load-shedding provides for load reduction down to 47 Hz.
In exceptional circumstances, the frequency of the
DNO’s Distribution Network could rise above 50.5 Hz.
Therefore all Power Generating Modules should be
capable of continuing to operate in parallel with the
Distribution Network in accordance with the following:

(@) 47 Hz — 47.5 Hz Operation for a period of at least 20 | See appended table. P
s is required each time the frequency is within this
range.

(b) 47.5 Hz — 49.0 Hz Operation for a period of at least
90 minutes is required each time the frequency is
within this range.

(c) 49.0 Hz — 51.0 Hz Continuous operation of the
Power Generating Module is required.

(d) 51.0 Hz —=51.5 Hz Operation for a period of at least
90 minutes is required each time the frequency is
within this range.

(e) 51.5 Hz — 52 Hz Operation for a period of at least 15
minutes is required each time the frequency is within
this range.

13.2.2 With regard to the rate of change of frequency withstand P
capability, a Power Generating Module shall be capable
of staying connected to the Distribution Network and
operate at rates of change of frequency up to 1 Hzs as
measured over a period of 500 ms unless disconnection
was triggered by a rate of change of frequency type loss
of mains protection or by the Power Generating Module’s
own protection system for a co-incident internal fault as
detailed in paragraph 10.6.18.

13.2.3 Output power with falling frequency See appended table.

13.2.3.1 |Each Power Generating Module, must be capable of:

(&) continuously maintaining constant Active Power
output for system frequency changes within the
range 50.5 to 49.5 Hz; and
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(b) (subject to the provisions of paragraph 13.2.1)
maintaining its Active Power output at a level not
lower than the figure determined by the linear
relationship shown in Figure 13.1 for system
frequency changes within the range 49.5 to 47 Hz
for all ambient temperatures up to and including
25°C, such that if the system frequency drops to 47
Hz the Active Power output does not decrease by
more than 5%.

T
47.0 Frequency 48.8 495 0.5

100% of Active
Power

fora minimum: of
5 minutes

95% of Active
Power

Figure 13.1 Change in Active Power with falling frequency

P

13.2.3.2

For the avoidance of doubt in the case of a Power
Generating Module using an Intermittent Power Source
where the power input will not be constant over time, the
requirement is that the Active Power output shall be
independent of system frequency under (a) above and
should not drop with system frequency by greater than
the amount specified in (b) above.

13.2.3.3

Electricity Storage Power Generation Modules can
support theTotal System by being arranged to
automatically respond to falling frequency in line with the
characteristic of Figure 13.2 until the stored energy is
depleted.

Export

410 i
~1 085 Capacity

Hz g T T

470 415 48.0

--] 1.0 Rated Import
Capacity
Import

Figure 13.2 Change in Active Power of Electricity Storage Device with falling
frequency (not to scale)

N/A

13.2.4

Limited Frequency Sensitive Mode — Over frequency
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13.2.4.1 |Each Power Generating Module shall be capable of P
reducing Active Power output in response to frequency
on the Total System when this rises above 50.4 Hz. The
Power Generating Module shall be capable of operating
stably during LFSM-O operation. If a Power Generating
Module has been contracted to operate in Frequency
Sensitive Mode the requirements of LFSM-O shall apply
when frequency exceeds 50.5 Hz.

(@) The rate of change of Active Power output shall be | See appended table. P
at a minimum a rate of 2% of output per 0.1 Hz
deviation of system frequency above 50.4 Hz (ie a
Droop of 10%) as shown in Figure 13.3. For the
avoidance of doubt, this would not preclude a
Generator from designing the Power Generating
Module with a Droop of less than 10%, (for example
between 3 — 5%), but in all cases the Droop should
be 2% or greater.

s P
Pror
F 3
+0.5 + P.is the Registered Capacity (taking into
account any Generating Units not in service)
495 50.5 51 515 52 52.5

A J

Hz

Pret is the reference Active Power to which AP is related and. AP is the change in Active Power
output from the Power Generating Module.

Figure 13.3 Active Power Frequency Response capability when operating
in LFSM-O

(b) The reduction in Active Power output shall be P
continuously and linearly proportional, as far as is
practicable, to the excess of frequency above 50.4
Hz and shall be provided increasingly with time over
the period specified in (c) below.

(c) As much as possible of the proportional reduction in P
Active Power output shall result from the frequency
control device (or speed governor) action and shall
be achieved within 10 s of the time of the frequency
increase above 50.4 Hz. The Power Generating
Module shall be capable of initiating a power
frequency response with an initial delay that is as
short as possible. If the delay exceeds 2 s the
Generator shall justify the delay, providing technical
evidence to the DNO, who will pass this evidence to
the NETSO.

TRF No. G99/1-8_V1.0



Page 58 of 192 Report No.: 6138292.50V1.1
G99/1-8

Clause Requirement - Test Result - Remark Verdict

13.2.4.2 | When the Power Generating Module is providing Limited P
Frequency Sensitive Mode Over frequency (LFSM-O)
response it must continue to provide the frequency
response until the frequency has returned to or below
50.4 Hz.

13.2.4.3 | Steady state operation below Minimum Stable Operating P
Level is not expected but if system operating conditions
cause operation below Minimum Stable Operating Level
which give rise to operational difficulties then the
Generator shall be able to return the output of the Power
Generating Module to an output of not less than the
Minimum Stable Operating Level.

13.2.5 Limited Frequency Sensitive Mode — Under frequency P
(LFSM-U)
13.2.5.1 |Each Power Generating Module shall be capable of See appended table. P

increasing Active Power output in response to system
frequency when this falls below 49.5 Hz. it is not
anticipated Power Generating Modules are operated in
an inefficient mode to facilitate delivery of LFSM-U
response, but any inherent capability should be made
available without undue delay. The Power Generating
Module shall be capable of stable operation during
LFSM-U Mode.
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(a) The rate of change of Active Power output shall be P
at a minimum a rate of 2 percent of output per 0.1
Hz deviation of system frequency below 49.5 Hz (ie
a Droop of 10%) as shown in Figure 13.4 below.
This requirement only applies if the Power
Generating Module has headroom and the ability to
increase Active Power output. In the case of a
Power Park Module the requirements of Figure 13.4
shall be reduced pro-rata to the amount of
Generating Units in service and available to
generate. For example, for a Power Park Module
with a Registered Capacity of 40 MW but with only
80% of the Generating Units in service Pref would
be 32 MW. For the avoidance of doubt, this would
not preclude a Generator from designing the Power
Generating Module with a lower Droop setting, for
example between 3 — 5%.

AR
Prer
IS
P, is the Registered Capacity
(taking into accountany
Generating Units not in service) 0.034
wesmnneeeees 0,02
0.014
T 4 T T T T T —
494 495 496 49.7 49.8 499 50.1 50.2 Hz
-0.0H

Pretis the Registered Capacity, taking into account any Interface Protections not in service to
which AP is related and AP is the change in Active Power output from the Power Generating
Module. The Power Generating Module has to provide a positive Active Power output change
with a Droop of 10% or less based on Prer.

Figure 13.4 - Limited Frequency Sensitive Mode - Underfrequency
capability of Power Generating Modules

(b) As much as possible of the proportional increase in P
Active Power output shall result from the frequency
control device (or speed governor) action and shall
be achieved for frequencies below 49.5 Hz. The
Power Generating Module shall be capable of
initiating a power frequency response with minimal
delay. If the delay exceeds 2 s the Generator shall
justify the delay, providing technical evidence to the
DNO who will pass this evidence to the NETSO.
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(c) The actual delivery of Active Power Frequency P
Response in LFSM-U mode shall take into account

e The ambient conditions when the response is to
be triggered.

e The operating conditions of the Power
Generating Module. In particular limitations on
operation near Registered Capacity at low
frequencies.

e The availability of primary energy sources.

(d) In LFSM-U Mode the Power Generating Module P
shall be capable of providing a power increase up to
its Registered Capacity (based on the number of
Generating Units in service at that point in time).

13.2.6 Frequency Sensitive Mode — (FSM)

13.2.6.1 |Each Power Generating Module will be capable of FSM
in addition to LFSM-O and LFSM-U. By default Power
Generating Modules will be set to operate in LFSM,
unless the Generator has a specific contract with the
NETSO to operate in FSM.

13.2.6.2 | The frequency control device (or speed governor) in co- P
ordination with other control devices shall t control each
Power Generating Module Active Power output with
stability over the entire operating range of the Power
Generating Module; and

13.2.6.3 | Power Generating Modules shall also meet the following P
minimum requirements:

(@) Power Generating Modules shall be capable of P
providing Active Power Frequency Response in
accordance with the performance characteristic
shown in Figure 13.5 and parameters in Table 13.1.

AP
Prer
4

0.104 « Droop settingis 3-5%in GB area.

+ P.ris the Registered Capacity
(taking into accountany
Generating Units not in service)

-0.10

Figure 13.5 — Frequency Sensitive Mode capability of Power Generating
Modules and Power Park Modules
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Table 13.1 — Parameters for Active Power Frequency Response in P
Frequency Sensitivity Mode including the mathematical expressions in
Figure 13.5
Parameter Setting
Nominal system frequency 50 Hz
Active Power as a percentage of Registered Capacity [fﬂ) 10%
Frequency Response Insensitivity in mHz (1Af;1) +15mHz
Frequency Response Insensitivity as a percentage of nominal
147, +0.03%
frequency (T)
Frequency Response Deadband in mHz 0 (mHz)
Droop (%) 3-5%
(b) In satisfying the performance requirements specified P

in paragraph 13.2.6.2 Generators in respect of each
Power Generating Module should be aware:

in the case of overfrequency, the Active Power
Frequency Response is limited by the Minimum
Stable Operating Level,

in the case of underfrequency, the Active Power
Frequency Response is limited by the
Registered Capacity,

the actual delivery of Active Power Frequency
Response depends on the operating and
ambient conditions of the Power Generating
Module when this response is triggered, in
particular limitations on operation near
Registered Capacity at low frequencies as
specified in 13.2.5 and available primary energy
sources.

The frequency control device (or speed
governor) shall also be capable of being set so
that it operates with an overall speed Droop of
between 3 — 5%. The Frequency Response
Deadband and Droop shall be able to be reset
at any time and as required by the DNO. For the
avoidance of doubt, in the case of a Power Park
Module the speed Droop should be equivalent
of a fixed setting between 3% and 5% applied to
each Generating Unit in service.
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(c) Inthe event of a frequency step change, each
Power Generating Module shall be capable of
activating full and stable Active Power Frequency
Response (without undue power oscillations), in
accordance with the performance characteristic
shown in Figure 13.6 and parameters in Table 13.2.

P4

0.075

0.050 4

0.025

—t = 2s"

t,=10s Time (s)

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

Pmax is the Registered Capacity to which AP relates. AP is the change in Active Power
output from the Power Generating Module. The Power Generating Module has to
provide Active Power output AP up to the point AP+ in accordance with the times t1 and
t2 with the values of AP, tiand t2 being specified in Table 13.2. t; is the initial delay. t2
is the time for full activation.

P

Table 13.2 — Parameters for full activation of Active Power Frequency
Response resulting from a frequency step change

Parameter Setting

Active power as a percentage of Registered Capacity

o
(frequency response range) (ﬂ 10%

Pmnx

Maximum admissible initial delay t: for Power Generating
Modules with inertia unless justified as specified in 13.2.6.4(d)

Maximum admissible initial delay t: for Power Generating
Modules which do not contribute to system inertia unless 1s
justified as specified in 13.2.6.4(d)

Activation time t2 10s

Table 13.2 also includes the mathematical expressions used in Figure 13.6.

(d) The initial activation of Active Power primary
frequency response shall not be unduly delayed. For
Power Generating Modules with inertia the delay in
initial Active Power Frequency Response shall not
be greater than 2 s. For Power Generating Modules
without inertia the delay in initial Active Power
Frequency Response shall not be greater than 1 s. If
the Generator cannot meet this requirement the
Generator shall provide technical evidence to the
DNO, who will pass this evidence to the NETSO,
demonstrating why a longer time is needed for the
initial activation of Active Power Frequency
Response.
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(e) with regard to disconnection due to underfrequency, P
Generators responsible for Power Generating
Modules capable of acting as a load, including but
not limited to pumped-storage Power Generating
Modules, shall be capable of disconnecting their
load in case of underfrequency which will be agreed
with the DNO. For the avoidance of doubt this
requirement does not apply to station auxiliary
supplies.

() In addition to the requirements of Section 13.2.6 P
each Power Generating Module shall be capable of
meeting the minimum frequency response
requirement profile subject to and in accordance
with the provisions of Annex C.10.

13.3 Fault Ride Through

13.3.1 Paragraphs 13.3.1.1 to 13.3.1.10 inclusive set out the
Fault Ride Through, principles and concepts applicable
to Synchronous Power Generating Modules and Power
Park Modules, subject to disturbances from faults on the
Network up to 140 ms in duration.

13.3.1.1 |Each Synchronous Power Generating Module and Power P
Park Module is required to remain connected and stable
for any balanced and unbalanced fault where the voltage
at the Connection Point remains on or above the heavy
black line shown in Figures 13.7 to 13.10 below.

13.3.1.2 | The voltage against time curves defined in Table 13.3 to P
Table 13.6 expresses the lower limit (expressed as the
ratio of its actual value and its reference 1 pu) of the
actual course of the phase to phase voltages (or phase
to earth voltage in the case of asymmetrical/unbalanced
faults) on the network voltage level at Connection Point
during a symmetrical or asymmetrical/unbalanced fault,
as a function of time before, during and after the fault.

13313 Connection Point N/A
Voltage (p.u) NOT TOSCALE
1.0
0.9
{Urec2)
0.7
(Uclear)
(Urect)
0.1
(Uret) ; X ; :
o i | i | | | i i
0 0.14 0.45 1.50 Time (s)
(tclear) (trec2) (tree3)

(trec1)

Figure 13.7 Voltage against time curve applicable to Type C and Type D
Synchronous Power Generating Modules connected below 110 kV
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13.3.1.4 Table 13.3 Voltage against time parameters applicable to Type C and D N/A
Synchronous Power Generating Modules connected below 110 kY
Voltage param eters Time parameters (s)
(pu)
U et 01 tolear 0.14
U clear 07 trect 0.14
Urect a7 trewz 0.45
Urecz 1] treea 15
Connection Point
13.3.1.5 Vonmectors T ToseALE N/A
1.00
2 U
(Urec2)
(Urec1)
025 | |
(Uclear)
0.00 f I \ } 4—1—!—-
(Uret) 0 025 045 150 Time (5)
ftrecl) (trec2) (trec3)
Figure 13.8 - Voltage against time curve applicable to Type D
Synchronous Power Generating Modules connected at or above 110 kV
13.3.1.6 Table 134 Voltage against time parameters applicable to Type D N/A
Synchronous Power Generating Modules connected at or above 110 kv
Voltage(;::;ameters Tim e parameters (s}
Uret 0 tolear 014
U glear 025 fraet 0248
Ureet 0.5 trecz 045
Urecz na treca 156
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13.3.1.7 p
13.3.1.8 Table 13.6 Voltage against time parameters applicable to Type C and P

Type D Power Park Modules connected below 110 kY

Voltage parameters {pu) Time parameters (s)
Ure 0.1 toear 0.14
Uetear 0.10 Hreot 0.14
Ureet 0.10 — 0.14
Hree2 0.85 freca 2.2
133 19 Connection Point P
Voltage (p.u) NOT TO SCALE
1.00
0.90 |- - e _
0.85 . - v
{Urec2)
0.00 ‘
(Uret) \ I I I . H |
(Uclear) ' ! L T L J f
(Urect) o (j:caa) 180 Time(s)

Figure 13.10 - Voltage against time curve applicable to Type D Power
Park Modules connected at or above 110 kV
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13.3.1.10 Table 13.6 VYoltage against time parameters applicable to Type D Power P
Park Modules connected at or above 110 k¥

Voltage(p;z;am eters Tim e parameters (s)
Uret 0 terear 014
Uskear 0 et 0.14
Urect 0 frecz 014
Urec2 0.85 trecs 2.2
13.3.1.11 | In addition to the requirements in 13.3.1.3 to 13.3.1.10: P

(@) Each Power Generating Module shall be capable of
satisfying the above requirements at the Connection
Point when operating at Registered Capacity output
and maximum leading Power Factor as specified in
paragraph 13.5.1.

(b) The pre-fault voltage shall be taken to be 1.0 pu and P
the post fault voltage shall not be less than 0.9 pu.
(c) The DNO will publish fault level data under P

maximum demand conditions in the Long Term
Development Statements. To allow a Generator to
model the Fault Ride Through performance of its
Power Generating Modules, the DNO will provide
generic fault level values derived from typical cases.
Where necessary, on reasonable request the DNO
will specify the pre-fault and post fault short circuit
capacity (in MVA) at the Connection Point and will
provide additional network data as may reasonably
be required for the Generator to undertake such
study work.

(d) The protection schemes and settings for internal P
electrical faults shall not jeopardise Fault Ride
Through performance as specified in paragraphs
13.3. For the avoidance of doubt where an internal
fault on the Power Generating Module occurs during
a Fault Ride Through condition, the Power
Generating Module’s internal protection should trip
the module to ensure safety and minimise damage.
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(e) Each Power Generating Module shall be designed P
such within 0.5 s of restoration of the voltage at the
Connection Point to 90% of nominal voltage or
greater, Active Power output shall be restored to at
least 90% of the level immediately before the fault.
Once Active Power output has been restored to the
required level, Active Power oscillations shall be
acceptable provided that:

® The total active energy delivered during the
period of the oscillations is at least that which
would have been delivered if the Active Power
was constant.

® The oscillations are adequately damped.

® n the event of power oscillations, Power
Generating Modules shall retain steady state
stability when operating at any point on the
Generator Performance Chart.

13.3.2 In addition to paragraphs 13.3.1.1 — 13.3.1.11 where it P
has been specifically agreed between the DNO and the
Generator that a Power Generating Facility will contribute
to the DNQ'’s Distribution Network security, (eg for
compliance with EREC P2) the Power Generating
Module(s) may be required to withstand, without tripping,
the effects of a close up three phase fault and the Phase
(Voltage) Unbalance imposed during the clearance of a
close-up phase-to-phase fault, in both cases cleared by
the DNO’s main protection. The DNO will advise the
Generator in each case of the likely tripping time of the
DNO’s protection, and for phase-phase faults, the likely
value of Phase (Voltage) Unbalance during the fault
clearance time.

13.3.3 In the case of phase to phase faults on the DNO’s P
Distribution Network that are cleared by system back-up
protection which will be within the plant short time rating
on the DNO’s Distribution Network the DNO, on request
during the connection process, will advise the Generator
of the expected Phase (Voltage) Unbalance.

13.3.4 Other Fault Ride Through Requirements P

(@) Inthe case of a Power Park Module, the
requirements in paragraph 13.3 do not apply when
the Power Park Module is operating at less than 5%
of its Registered Capacity or during very high
primary energy source conditions when more than
50% of the Generating Units in a Power Park
Module have been shut down or disconnected under
an emergency shutdown sequence to protect
Generator’s plant and apparatus.

(b) For the avoidance of doubt the requirements
specified in this Section 13.3 do not apply to Power
Generating Modules connected to an unhealthy
circuit and islanded from the Distribution Network
even for delayed auto reclosure times.
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134 Voltage Limits and Control
13.4.1 Where a Power Generating Module is remote from a

Network voltage control point it may be required to
withstand voltages outside the normal statutory limits. In
these circumstances, the DNO should agree with the
Generator the declared voltage and voltage range at the
Connection Point. Immunity of the Power Generating
Module to voltage changes of + 10% of the declared
voltage is recommended, but is mandatory for Type D
Power Generating Modules, subject to design appraisal
of individual installations.

13.4.2 The connection of a Power Generating Module to the P
Distribution Network shall be designed in such a way that
operation of the Power Generating Module does not
adversely affect the voltage profile of and voltage control
employed on the Distribution Network. ETR 126 provides
DNOs with guidance on active management solutions to
overcome voltage control limitations. Information on the
voltage regulation and control arrangements will be made
available by the DNO if requested by the Generator.

13.4.3 Synchronous Power Generating Modules Excitation N/A
Performance Requirements

13.4.4 Voltage Control Performance Requirements for Power P
Park Modules

13.4.4.1 |Each Power Park Module shall be fitted with a P

continuously acting automatic control system to provide
control of the voltage at the Connection Point without
instability over the entire operating range of the Power
Park Module. Any plant or apparatus used to provide
such voltage control within a Power Park Module may be
located at the Generating Unit terminals, an appropriate
intermediate busbar or the Connection Point. When
operating below 20% Registered Capacity the automatic
control system may continue to provide voltage control
using any available reactive capability. If voltage control
is not being provided the automatic control system shall
be designed to ensure a smooth transition between the
shaded area below 20% of Active Power output and the
non-shaded area above 20% of Active Power output in
Figure 13.14.

13.4.4.2 | The performance requirements for a continuously acting P
Automatic Voltage Control system that shall be complied
with by the Generator in respect of Power Park Modules
are defined in Annex C.5. The DNO will agree any site
specific requirements with the Generator.
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13.4.5 As part of the connection application process the P
Generator shall agree with the DNO the set points of the
control scheme for voltage control, Power Factor control
or Reactive Power control as appropriate. These
settings, and any changes to these settings, shall be
agreed with the DNO and recorded in the Connection
Agreement. The information to be provided is detailed in
Schedule 5a and Schedule 5b of the Data Registration
Code.

13.4.6 The final responsibility for control of Distribution Network P
voltage does however remain with the DNO.

13.4.7 Automatic Voltage Control (AVC) schemes employed by P
the DNO often assume that power flows from parts of the
Distribution Network operating at a higher voltage to
parts of the Distribution Network operating at lower
voltages. Export from Power Generating Modules in
excess of the local loads may result in power flows in the
reverse direction. In this case AVC referenced to the Low
Voltage side may not operate correctly without an import
of Reactive power and relay settings appropriate to this
operating condition. When load current compounding is
used with the AVC and the penetration level of Power
Generating Modules becomes significant compared to
normal loads, it may be necessary to switch any
compounding out of service.

13.4.8 Power Generating Modules can cause problems if P
connected to networks employing AVC schemes which
use negative reactance compounding and line drop
compensation due to changes in Active Power and
Reactive Power flows. ETR 126 provides guidance on
connecting generation to such networks using techniques
such as removing the generation circuit from the AVC
scheme using cancellation CTs.

13.5 Reactive Capability P

13.5.1 All Synchronous Power Generating Modules shall be N/A
capable of satisfying the Reactive Power capability
requirements at the Connection Point as defined in
Figure 13.11 when operating at Registered Capacity. In
some cases, for example, on large industrial sites etc
where the Power Generating Module is embedded in the
Generator's Installation, the DNO may specify a
performance requirement for the Power Generating
Module that fits within the rectangular boundary defined
in Figure 13.11, ie an envelope agreed between the DNO
and the Generator within the rectangle of Figure 13.11. In
such cases the DNO and Generator might agree a
different control point, such as the Power Generating
Module's terminals. The performance requirements of the
control system including Slope (where applicable) shall
be agreed between the DNO and the Generator.
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13.5.2

At Active Power output levels other than Registered
Capacity all Generating Units within a Synchronous
Power Generating Module shall be capable of continuous
operation at any point between the Reactive Power
capability limit identified on the Generator Performance
Chart at least down to the Minimum Stable Operating
Level. At reduced Active Power output, Reactive Power
supplied at the Connection Point shall correspond to the
Generator Performance Chart of the Synchronous Power
Generating Module, taking the auxiliary supplies and the
Active Power and Reactive Power losses of the Power
Generating Module transformer or Station Transformer
into account.

N/A

13.5.3

At voltages above 1.05 pu, or below 0.95 pu a
Synchronous Power Generating Module shall maintain
the Reactive Power output and Power Factor as far as
possible recognizing that outside of the envelope of
Figure 13.11 it will be necessary for the Reactive Power
and/or Power Factor to be constrained by the capability
as expressed on the Generator Performance Chart.

N/A

ConnectionPoint
Voltage (p.u)

1.05 |-

0.95

!
1
-0.92 1.00 0.92

Power Factor
Consumption (lead) Production(lag)

Figure 13.11 Reactive Power capability requirements (Synchronous
Power Generating Modules)

N/A
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13.5.4 All Power Park Modules with a Connection Point voltage p
above 33 kV, shall be capable of satisfying the Reactive
Power capability requirements at the Connection Point as
defined in Figure 13.12 when operating at Registered
Capacity.

ConnectionPoint

Voltage (pu)

L TE [ ] CEE T A e

1.05+
1.03
1.00
0.97
095"

0.225

0.90
0.875

-0.95 1.00 0.95 Power Factor
Consumption (lead) Production (lag)

Figure 13.12 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage above 33 kV)

13.5.5 All Power Park Modules with a Connection Point voltage p
at or below 33 kV shall be capable of satisfying the
Reactive Power capability requirements at the
Connection Point as defined in Figure 13.13 when
operating at Registered Capacity.

Connection Point
Voltage (p.u)

1,05 froormereenenes

1.00 {---

T S —

0.95 1.00 0.95 Power Factor
@Qmin Consumption Production  gmax

(lead) (lag)

Figure 13.13 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage at or below 33 kV)
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13.5.6 All Power Park Modules, shall be capable of satisfying P
the Reactive Power capability requirements at the
Connection Point as defined in Figure 13.14 when
operating below Registered Capacity. With all plant in
service, the Reactive Power limits will reduce linearly
below 50% Active Power output as shown in Figure
13.14 unless the requirement to maintain the Reactive
Power limits defined at Registered Capacity under
absorbing Reactive Power conditions down to 20%
Active Power output has been specified by the DNO.
These Reactive Power limits will be reduced pro rata to
the amount of plant in service.

Power &

ey o

05

0.2

i
033 0.12 0.05 0.00 0.05 033 Q/Pmax

Consumption (lead) Production (lag)

Figure 13.14 Reactive Power capability requirements (Power Park Modules
operating below Registered Capacity)

13.6 Fast Fault Current Injection

13.6.1 Fast Fault Current injection is necessary to support the
Total System during a fault on the Transmission System.
The design of Fast Fault Current injection is tailored to
this, and does not relate directly to faults on the
Distribution Network, not least as these will tend to have
longer clearing times than those of the Transmission
System for which Fast Fault Current injection is
designed. In this Section 13.6 the faults referred to are
Transmission System faults which clear within 140 ms
and which will be seen in the Distribution Network as a
voltage depression. For this section 13.6 voltage and
current quantities are assumed to be positive phase
sequence values.

13.6.2 Each Power Park Module shall be required to satisfy the P
following requirements.
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(a) For any balanced fault on the Transmission System P
which results in the voltage at the Connection Point
falling below 0.9 pu each Power Park Module shall
unless otherwise agreed with the DNO, be required
to inject reactive current IR that lies above the heavy
black line shown in Figure 13.15.

Connection Point Voltage (pu)

/ Normal operation

1.1
1.0
0.9

NOT TO SCALE

Operation is not required beyond 1.0pu
but this would not prevent a Power
05 B et Bt S L P e e T e v ——— Park Module supplying more reactive
current should itwish to do so

"/y,
7
_

Reactive current I (pu)

Gz

-0.312 0 0.312 1.

\
N
\

o

Figure 13.15 — locus of magnitude of injected reactive current

(b) Figure 13.15 defines the reactive current IR that is to P
be supplied during a fault on the Transmission
System and which is dependent on the prefault
operating conditions, and the voltage retained at the
Connection Point. Each Power Park Module shall
inject a reactive current Ir which shall not be less
than its pre-fault reactive current and which shall as
a minimum increase with the fall in retained voltage
each time the retained voltage at the Connection
Point falls below 0.9 pu, whilst ensuring that the
overall rating of the Power Park Module is not
exceeded

(c) In addition each Power Park Module shall be
required to satisfy the reactive current requirements
shown in Figures 13.16 which shows how the
reactive current should be injected over time from
the fault inception. The injected current shall be
above the shaded area shown in Figure 13.16 (a) or
Figure 13.16 (b) with priority being given to reactive
current injection with any residual capability being
supplied as active current. Under any fault condition,
where the voltage falls below 0.9 pu, there would be
no requirement for any Power Park Module or
constituent Generating Unit to exceed its transient or
steady state rating.
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(d) For the purposes of this requirement, the maximum P
rated current is taken to be the maximum current
each Generating Unit can supply when operating at
Registered Capacity and 0.95 Power Factor at a
nominal voltage of 1.0 pu.

(e) All Power Park Module equipment shall be designed P
to ensure a smooth transition between any of its
voltage, power factor, or reactive power control
modes and fault ride through mode in order to
prevent the risk of instability which could arise in the
transition between the steady state voltage
operating range and abnormal conditions where the
retained voltage falls below 0.90 pu of nominal
voltage. Such a requirement is necessary to ensure
adequate performance between the pre-fault
operating condition of the Power Park Module and
its subsequent behaviour under fault conditions.
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() Each Power Park Module shall be designed to P
reduce the risk of transient over voltage levels
arising following clearance of the fault and in order
to mitigate the risk of any form of instability which
could result. Generators shall be permitted to block
or employ other means where the anticipated
transient over voltage would otherwise exceed the
1.05 pu of nominal. Figures 13.16 (a) and Figure
13.16 (b) show the impact of variations in fault
clearance time which shall be no greater than 140
ms. The DNO may agree requirements for the
maximum transient over voltage withstand capability
and associated time duration. Such capability and
parameters will be recorded in the Connection
Agreement. Where the Generator is able to
demonstrate to the DNO that blocking or other
control strategies are required in order to prevent
the risk of transient over voltage excursions
Generators are required to both advise and agree
with the DNO the control strategy, which must also
include the approach taken to de-blocking.

(g) To permit additional flexibility for example from P
Power Park Modules made up of full converter
Generating Units, DFIG Generating Units or
induction Generating Units, the DNO will permit
transient deviations below the shaded area shown in
Figure 13.16 (a) or Figure 13.16 (b) provided that
the reactive current supplied is greater than the
minimum requirement shown in Figures 13.16 (a) or
Figure 13.16(b). This agreement will be formalised
in the Connection Agreement.

(h) In the case of an unbalanced fault, each Power Park P
Module or each Generating Unit within a Power Park
Module shall be required to inject maximum reactive
current without exceeding the transient rating of the
Power Park Module.

13.7 Black Start Capability and rapid re-synchronisation N/A

13.7.1 The National Electricity Transmission System will be N/A
equipped with Black Start Stations. It will be necessary
for each Generator to notify the DNO if its Power
Generating Module has a restart capability without
connection to an external power supply, unless the
Generator shall have previously notified the NETSO
accordingly under the Grid Code. Such generation may
be registered by the NETSO as a Black Start Station.
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13.7.2 In case of disconnection of the Power Generating Module N/A
from the Distribution Network, the Power Generating
Module shall be capable of quick resynchronisation if
required by the NETSO. Where rapid re-synchronisation
is required:

(a) A Power Generating Module with a minimum re-
synchronisation time greater than 15 minutes after its
disconnection from any external power supply must be
capable of houseload operation from any operating point
on its Power Generating Module Generator Performance
Chart. And

b) Power Generating Modules shall be capable of
houseload operation, irrespective of any auxiliary
connection to the Distribution Network. The minimum
operation time shall be specified by the NETSO, taking
into consideration the specific characteristics of prime
mover technology.

13.8 Technical Requirements for Embedded Medium Power Stations N/A
13.9 Operational monitoring P
13.9.1 With regard to information exchange: p

(a) Power Generating Facilities shall be capable of
exchanging information with the DNO in real time or
periodically with time stamping;

(b) the DNO, in coordination with the NETSO, shall
specify the content of information exchanges including a
precise list of data to be provided by the Power
Generating Facility.

13.9.2 At each Power Generating Facility the DNO will install its P
own Telecontrol/SCADA outstation which will generally
meet all the DNO’s necessary and legal operational data
requirements. The DNO will inform the Generator if
additional specific data are required at the time of the
connection offer.

13.9.3 Additionally each Power Generating Facility shall; p
(a) be fitted with fault recording and dynamic system
monitoring facilities which shall be capable of recording
System data including voltage, Active Power, Reactive
Power and frequency in accordance with Annex C.6.

(b) The settings of the fault recording equipment and
dynamic system monitoring equipment (which is required
to detect poorly damped power oscillations) including
triggering criteria shall be agreed between the Generator
and the DNO and recorded in the Connection
Agreement.

(c) The DNO may also specify that Generators shall
install power quality monitoring equipment. Any such
requirement including the parameters to be monitored
would be specified by the DNO in the Connection
Agreement.

(d) Provisions for the submission of fault recording,
dynamic system monitoring and power quality data to the
DNO including the communications and protocols shall
be specified by the DNO in the Connection Agreement.
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13.9.4 The Generator will provide all relevant signals in a format P
to be agreed between the Generator and the DNO for
onsite monitoring. All signals shall be suitably terminated
in a single accessible location at the Generators site.

13.9.5 The Generator shall provide to the DNO a 230 V power P
supply adjacent to the signal terminal location.

13.9.6 Frequency Sensitive Mode (FSM) monitoring in real time

13.9.6.1 |Power Generating Modules shall be fitted with facilities to
record and monitor the operation of Active Power
Frequency Response in real time if the Generator has
chosen to enter into an appropriate ancillary services
commercial contract with the NETSO.

13.9.6.2 | Provisions for the submission of Frequency Sensitive P
Mode data to the DNO including the data to be
monitored, communications and protocols shall be
specified, if required, by the DNO in the Connection

Agreement.
13.10 Steady State Load Inaccuracies N/A
The standard deviation of load error at steady state load N/A

over a 30 minute period shall not exceed 2.5% of a
Power Generating Modules Registered Capacity. Where
a Power Generating Module is instructed to operate in
frequency sensitive operation, allowance will be made in
determining whether there has been an error according
to the governor Droop characteristic registered under the
DDRC.

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

14 INSTALLATION, OPERATION AND CONTROL INTERFACE P
141 General P
14.2 Isolation and Safety Labelling P
14.2.1 Every Generator’s Installation which includes Power P

Generating Modules operating in parallel with the

Distribution Network must include a means of isolation

capable of disconnecting the whole of the Power

Generating Module7 infeed to the Distribution Network.

This equipment will normally be owned by the Generator,

but may by agreement be owned by the DNO.
14.2.2 The Generator must grant the DNO rights of access to P

the means of isolation without undue delay and the DNO
must have the right to isolate the Power Generation
Modules infeed at any time should such disconnection
become necessary for safety reasons and in order to
comply with statutory obligations. The isolating device
should normally be installed at the Connection Point, but
may be positioned elsewhere with the DNO’s agreement.
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14.2.3 To ensure that DNO staff and that of the Generator and P
their contractors are aware of the presence of a Power
Generating Module, appropriate warning labels should be
used.

14.2.4 Where the installation is connected to the DNO LV P
Distribution Network the Generator should generally
provide labelling at the Connection Point (Fused Cut-
Out), meter position, consumer unit and at all points of
isolation within the Generator’s premises to indicate the
presence of a Power Generating Module. The labelling
should be sufficiently robust and if necessary fixed in
place to ensure that it remains legible and secure for the
lifetime of the installation. The Health and Safety (Safety
Signs & Signals) Regulations 1996 stipulates that labels
should display the prescribed triangular shape, and size,
using black on yellow colouring. A typical label, for both
size and content, is shown below in Figure 14.1.

& Do not work on this equipment until it is

WARNING isolated from both mains and on-site
dual supply generation supplies

Isolate on site Generating Unit at
Isolate mains supply at

Figure 14.1 Warning label

14.3 Site Responsibility Schedule Info.

14.4 Operational and Safety Aspects Info.

14.5 Synchronizing and Operational Control P

15 Common Compliance and Commissioning Requirements for all Power N/A
Generating Modules

15.1 Demonstration of Compliance N/A

15.2 Wiring for Type Tested Power Generating Modules N/A

15.3 Commissioning Tests / Checks required at all Power Generating Facilities N/A

154 Additional Commissioning requirements for Non Type Tested Interface N/A
Protection

155 Compliance of Vehicle to Grid Electric Vehicles N/A

15.6 Family approach to Type Testing N/A

15.7 Compliance demonstration for Infrequent Short-Term Parallel Power Generating N/A
Modules

16 TYPE A COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION

16.1 Type Test Certification P
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16.1.1 The Power Generating Module can comprise Fully Type P
Tested equipment or be made up of some Type Tested
equipment and require additional site testing prior to
operation. The use of Fully Type Tested equipment
simplifies the connection process, the protection
arrangements and reduces the commissioning test
requirements.

16.1.2 Type Tested certification is the responsibility of the P
Manufacturer. The Manufacturer shall submit the Type
Test Verification Report confirming that the product has
been Type Tested to satisfy the requirements of this
EREC G99 to the Energy Networks Association (ENA)
Type Test Verification Report Register. The report shall
detail the type and model of product tested, the test
conditions and results recorded. The report can include
reference to Manufacturers’ Information.

16.1.3 The required Type Test Verification Report and P
declarations including that for a Fully Type Tested Power
Generating Module are shown in Annex A.2:

e  Form A2-1 - Compliance Verification Report for Inverter Connected Power N/A
Synchronous Power Generating Modules up to and | Generating Modules.
including 50 kW,

e Form A2-2 Compliance Verification Report for Inverter Connected Power N/A
Synchronous Power Generating Modules greater Generating Modules.
than> 50 kW and also for Synchronous Power
Generating Modules < 50 kW where the approach of
this form is preferred to that in Form A2-1, or

e Form A2-3 - Compliance Verification Report for N/A
Inverter Connected Power Generating Modules.
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The choice of compliance route available is shown in Compliance Verification N/A
Figure 16-1 below. Report A2-3 used.
Type A
(@ Y
SyrEETEE Asynf:hronous Synchronous Asythronous Inverter
<50 kW (notinverter) >50 kW (notinverter) (all sizes)
<50 kw >50 kw
A /

Compliance Compliance Compliance
Verification Verification Verification

Report A2-1 Report A2-2 Report A2-3

Optional Approach for fullyintegrated <50 kW Synchronous Power
Generating Modules

— Conventional Compliance Approach

Figure 16-1 lllustration of the choice of compliance route

It is intended that the Manufacturers will use the N/A
requirements of this EREC G99 to develop type
verification certification (ie the Compliance Verification
Report as shown in Annex A.2) for each of their Power
Generating Module models.

Form A2-3 caters for all asynchronous and inverter N/A
technologies of any size, with the exception of
conventional induction Generating Units. Manufacturers
of induction Generating Units may find it more
appropriate to use forms A2-2 or A2-1 in preference to
Form A2-3 (Annex A.2).

16.1.4 Guidance for Manufacturers on type testing for Power N/A
Generating Modules is included in Annex A.7 of this
document.

16.1.5 Compliance with the requirements detailed in this EREC P

G99 will ensure that the Power Generating Module is
considered to be approved for connection to the DNO’s
Distribution Network.

16.1.6 The Power Generating Module shall comply with all P
relevant UK and European Directives and should be
labelled in accordance with those requirements.
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16.2 Connection Process N/A
16.2.1 The Installer shall discuss the installation project with the |Relied on installer. N/A

local DNO at the earliest opportunity. The connection
application will need to be in format as shown in Annex
A.1 (Form Al) or for Power Generating Modules greater
than 50 kW by using the Standard Application Form
(generally available from the DNOs website). Where a
Power Generating Module is Fully Type Tested and
registered with the Energy Networks Association Type
Test Verification Report Register, the application should
include the Manufacturer’s reference number (the
Product ID), and the compliance test results do not need
to be submitted as part of the application.

16.2.2 On receipt of the application, the DNO will assess: Fully Type Test. N/A

¢ whether any Distribution Network studies are
required;

e whether there is a need for work on the Distribution
Network before the Tested Power Generating
Module can be connected to the Distribution
Network; and

e whether there is a requirement to witness the
commissioning tests and checks.

16.2.3 Connection of the Power Generating Module is only It's depended on installer N/A
allowed after the application for connection has been and DNOs.
approved by the DNO and any DNO works facilitating the
connection have been completed.

16.2.4 Where a Power Generating Module is not Fully Type It's depended on installer N/A
Tested, the Generator or Installer shall provide the DNO [and DNOs.
with a Compliance Verification Report as per Annex A.2
(Forms A2-1, A2-2 or A2-3 as applicable) confirming that
the Power Generating Module has or will be tested to
satisfy the requirements of this EREC G99. This should
be provided prior to commencing commissioning.

16.2.5 Where Power Generating Modules require connection to |It's depended on installer N/A
the DNO'’s Distribution Network in advance of the and DNOs.
commissioning date, for the purposes of testing, the
Power Generating Facility must comply with the
requirements of the Connection Agreement. The
Generator shall provide the DNO with a commissioning
programme, which will be approved by the DNO if
reasonable in the circumstances, to allow commissioning
tests to be coordinated.
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16.2.6

Where commissioning tests are not withessed,
confirmation of the commissioning of each Power
Generating Module will need to be made no later than 28
days after commissioning; the format and content shall
be as shown in Annex A.3 (Form A3) Installation
Document. The Installer or Generator, as appropriate,
shall complete the declaration at the bottom of the
Installation Document (Form A3) noting that this
declaration also covers the Site Compliance and
Commissioning Test Form (Form A2-4). Where the tests
are witnessed a copy shall be provided to the DNO at the
time of commissioning.

It's depended on installer
and DNOs.

N/A

16.2.7

It is the responsibility of the Generator (which may be
delegated to the Installer) to ensure that the relevant
information is forwarded to the local DNO. The pro forma
in Annex A are designed to:

(@) simplify the connection procedure for both DNO and
Installer;

(b) provide the DNO with all the information required to
assess the potential impact of the Power Generating
Module connection on the operation of the
Distribution Network;

(c) inform the DNO that the Generator’s Installation
complies with the requirements of this EREC G99;

(d) allow the DNO to accurately record the location of all
Power Generating Modules connected to the
Distribution Network.

It's depended on installer
and DNOs.

N/A

16.3

Witnessing and Commissioning

N/A

16.4

Operational Notification

N/A

16.4.1

Notification that the Power Generating Module has been
connected / commissioned is achieved by completing an
Installation Document as per Annex A.3, which also
includes the relevant details on the Generator’s
Installation required by the DNO.

N/A

16.4.2

The Installer, or an agent acting on behalf of the Installer,
shall supply separate Installation Documents (Form A3-1
(Annex A.3) for Type A Power Generating Modules or
Form A3-2 (Annex A.3) for Integrated Micro Generation
and Storage installations) for each Power Generating
Facility installed under EREC G99 to the DNO.
Documentation shall be supplied either at the time of
commissioning (where tests are witnessed) or within 28
days of the commissioning date (where the tests are not
witnessed) and may be submitted electronically.

It's depended on installer
and DNOs.

N/A

16.4.3

Generators who own Type A Power Generating Modules
do not have permanent rights to operate their Power
Generating Modules until the commissioning tests have
been successfully completed (and witnessed by the DNO
if required) and the Installation Document has been fully
completed and sent to the DNO

It's depended on installer
and DNOs.

N/A
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17 TYPE B COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION
171 General
17.11 Where Power Generating Modules require connection to

the DNO'’s Distribution Network in advance of the
commissioning date, for the purposes of testing, the
Power Generating Facility shall comply with the
requirements of the Connection Agreement. The
Generator shall provide the DNO with a commissioning
programme, which will be approved by the DNO if
reasonable in the circumstances, to allow commissioning
tests to be co-ordinated. The tests shall take account of
the requirements in Section 15.3 and Section 15.4 where
applicable.

17.1.2 The Generator shall use Type Tested equipment and/or P
Manufacturers’ Information and/or site tests, as well as
demonstrating commissioning tests performed on the
Power Generating Module in order to discharge the
requirements of this document. Examples of the
combination of the use of type testing and the provision
of Manufacturers’ Information are given in Section 22.1.
Further information about Manufacturers’ Information for
Inverter connected Power Park Modules is given in
Section 21. Note that the DNO shall charge the
Generator for attendance of staff for witness testing in
accordance with its charging regime. The Generator shall
make arrangements for the DNO to witness the
commissioning tests unless otherwise agreed with the
DNO.

17.1.3 It is the responsibility of the Generator to undertake P
commissioning tests / checks and to ensure the Power
Generating Facility and Power Generating Modules meet
all the relevant requirements.

17.1.4 In addition to the commissioning tests and checks P
required under EREC G99, in exceptional circumstances
further tests may be required by the DNO from the
Manufacturer, Supplier, Generator or Installer of the
Power Generating Modules as may be required to satisfy
legislation and other standards.

17.2 Connection Process N/A

17.2.1 The Generator shall discuss the project with the local It's depended on installer N/A
DNO at the earliest opportunity. The Generator will need |and DNOs.
to provide information using the Standard Application
Form (generally available from the DNO’s website) to
allow detailed system studies to be undertaken.
Connection of the Power Generating Module is only
allowed after the application for connection has been
approved by the DNO and any DNO works facilitating the
connection have been completed .
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17.2.2 Not less than 28 days, or such shorter period as may be |It's depended on installer N/A
acceptable in the DNO’s reasonable opinion, prior to the |and DNOs.
Generator wishing to synchronise its Power Generating
Module for the first time the Generator will submit to the
DNO a Power Generating Module Document containing
at least but not limited to the items referred to in
paragraph 17.2.3.

17.3 Witnessing and Commissioning N/A

174 Final Operational Notification N/A

18 TYPE C COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION

18.1 General N/A

18.1.1 Where Power Generating Modules require connection to p

the DNO'’s Distribution Network in advance of the
commissioning date, for the purposes of testing, the
Power Generating Facility shall comply with the
requirements of the Connection Agreement. The
Generator shall provide the DNO with a commissioning
programme, which will be approved by the DNO if
reasonable in the circumstances, to allow commissioning
tests to be co-ordinated. The tests shall take account of
the requirements in Section 15.3 and Section 15.4 where
applicable.

18.1.2 The Generator shall use Type Tested equipment and/or =}
Manufacturers’ Information and/or site tests as well
demonstrating all the commissioning tests performed on
the Power Generating Module in order to discharge the
requirements of this document. Further information about
Manufacturers’ Information is given in Section 21.
Examples of the combination of the use of type testing
and the provision of Manufacturers’ Information are given
in Section 22.1. Note that the DNO shall charge the
Generator for attendance of staff for witness testing in
accordance with its charging regime. The Generator shall
make arrangements for the DNO to witness the
commissioning tests unless otherwise agreed with the
DNO.

18.1.3 It is the responsibility of the Generator to undertake P
commissioning tests / checks and to ensure the Power
Generating Facility and Power Generating Modules meet
all the relevant requirements.

18.1.4 In addition to the commissioning tests and checks P
required under EREC G99, further tests may be required
by the Manufacturer, Supplier, Generator or Installer of
the Power Generating Modules as may be required to
satisfy legislation and other standards.
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18.1.5 In the case of a Power Park Module the proportion of the p
Power Park Module which can be simultaneously
synchronised to the Total System shall not exceed 20%
of the Registered Capacity of the Power Park Module (or
the output of a single Generating Unit where this exceeds
20% of the Power Park Module’s Registered Capacity),
until the Generator has completed the voltage control
tests (detailed in Annex C.9.2) to the DNO’s reasonable
satisfaction. Following successful completion of this test
each additional Generating Unit should be included in the
voltage control scheme as soon as is technically possible
(unless the DNO agrees otherwise).

18.2 Connection Process N/A

18.3 Witnessing and Commissioning N/A

184 Final Operational Notification N/A

19 TYPE D COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION

19.1 General P

19.1.1 A Type D Power Generating Module will be required to P

obtain an Energisation Operational Notification followed
by an Interim Operational Notification and a Final
Operational Notification as set out in this Section.

19.1.2 The Generator will use Type Tested equipment and or P
use Manufacturers’ Information as well as demonstrating
all the commissioning tests performed on the Power
Generating Module in order to discharge the
requirements of this document. Examples of the
combination of the use of type testing and the provision
of Manufacturers’ Information are given in Section 22.1.
Further information about Manufacturers’ Information is
given in Section 21. It is expected that the DNO wiill
witness the commissioning tests for Power Generating
Modules. Note that the DNO shall charge the Generator
for attendance of staff for witness testing in accordance
with its charging regime. The Generator shall make
arrangements for the DNO to witness the commissioning
tests unless otherwise agreed with the DNO.

19.1.3 It is the responsibility of the Generator to undertake these P
commissioning tests / checks and to ensure the Power
Generating Facility and Power Generating Modules meet
all the relevant requirements.

19.1.4 In addition to the commissioning tests and checks P
required under EREC G99, further tests may be required
by the Manufacturer, Supplier, Generator or Installer of
the Power Generating Modules as may be required to
satisfy legislation and other standards.

19.2 Connection Process N/A

19.3 Interim Operational Notification N/A

TRF No. G99/1-8_V1.0



Page 86 of 192 Report No.: 6138292.50V1.1

G99/1-8
Clause Requirement - Test Result - Remark Verdict
19.4 Witnessing and Commissioning N/A
19.5 Final Operational Notification N/A
19.6 Limited Operational Notification N/A
19.7 Processes Relating to Derogations N/A
20 ONGOING OBLIGATIONS N/A
20.1 Periodic Testing for Power Generating Modules N/A
20.2 Operational Incidents affecting Compliance of any Power Generating Module N/A
20.3 Changes to the Power Generating Facility or Power Generating Module N/A
20.4 Notification of Decommissioning N/A
21 MANUFACTURERS’ INFORMATION APPLICABLE TO POWER PARK MODULES
211 General
21.1.1 Manufacturers’ Information covers such information as

type testing details, parameters or data, simulation
models and reports on studies run using those models.
The guidance in this Section 21 Manufacturers’
Information relates to simulation models.

21.1.2 In most cases Manufactures’ Information is submitted by P
the Generator to the DNO. However, data and
performance characteristics in respect of simulation
models may be registered with the DNO by Generating
Unit Manufacturers in the form of Manufacturers’
Information.

21.1.3 A Generator planning to construct a new Power P
Generating Facility containing the appropriate version of
Generating Units in respect of which Manufacturers’
Information has been submitted to the DNO may
reference the Manufacturers’ Information in its
submissions to the DNO. Any Generator considering
referring to Manufacturers’ Information for any aspect of
its plant and apparatus may contact the DNO to discuss
the suitability of the relevant Manufacturers’ Information
to its project to determine if, and to what extent, the data
included in the Manufacturers’ Information contributes
towards demonstrating compliance with those aspects of
this EREC G99 applicable to the Generator. The DNO
will inform the Generator if the reference to the
Manufacturers’ Information is not appropriate or not
sufficient for its project.

21.14 The process to be followed by Generating Unit P
Manufacturers submitting Manufacturers’ Information
must be agreed by the DNO. Paragraph 21.2 below

indicates the specific requirement areas in respect of
which Manufacturers’ Information may be submitted.
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21.15

The DNO may maintain and publish a register of that
Manufacturers’ Information which the DNO has received
and accepted as being an accurate representation of the
performance of the relevant plant and / or apparatus.
Such register will clearly identify the Manufacturer, the
model(s) of Generating Unit(s) to which the report applies
and the provisions of EREC G99 in respect of which the
report contributes towards the demonstration of
compliance in such a way that these models can easily
be identified for appropriate use in other similar projects.
The inclusion of any report in the register does not in any
way confirm that any Power Park Modules which utilise
any Generating Unit(s) covered by a report is or will be
compliant with EREC G99.

It's depended on installer
and DNOs.

N/A

21.2

Manufacturers’ Information in respect of Generating Units
may cover one (or part of one) or more of the following
provisions:

(@) Fault Ride Through capability;
(b) Power Park Module mathematical model DDRC 5c.

21.3

Reference to a Manufacturer’s Data & Performance
Report in a Generator’s submissions does not by itself
constitute compliance with EREC G99.

21.4

A Generator referencing Manufacturers’ Information
should insert the relevant Manufacturers’ Information
reference in the appropriate place in the submission
forms detailed in the Annexes. The DNO will consider the
suitability of Manufacturers’ Information in place of DDRC
data submissions such as a mathematical model suitable
for representation of the entire Power Park Module as
per Annex B.4.4 or Annex C.7.4.5 as applicable. Site
specific parameters will still need to be submitted by the
Generator.

215

It is the responsibility of the Generator to ensure that the
correct reference for the Manufacturers’ Information is
used and the Generator by using that reference accepts
responsibility for the accuracy of the information. The
Generator shall ensure that the Manufacturer has kept
the DNO informed of any relevant variations in plant
specification since the submission of the relevant
Manufacturers’ Information which could affect the validity
of the information.
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21.6 The DNO may contact the Generating Unit Manufacturer N/A
directly to verify the relevance of the use of such
Manufacturers’ Information. If the DNO believes the use
some or all of such Manufacturers’ Information is
incorrect or the referenced data is inappropriate then the
reference to the Manufacturers’ Information may be
declared invalid by the DNO. Where, and to the extent
possible, the data included in the Manufacturers’
Information is appropriate, the compliance assessment
process will be continued using the data included in the

Manufacturers’ Information.
22 TYPE TESTING AND ANNEX INFORMATION
22.1

It's depended on installer
and DNOs.

Fully Type Tested and Type Tested equipment

The following matrix demonstrates where Manufacturers’
Information and compliance and installation checks on
site can be combined to demonstrate compliance for
each Power Generating Module.

Fully Type Tested.

Manufacturers’ Information

Power Quality Assessment
and Site Tests

Fully Type Tested
(Type A only < 50
kW)

Registered as Fully Type Tested
information on ENA website via
the Compliance Verification
Report

(Form A2-1, A2-2 or A2-3 as
appropriate)

An assessment of compliance
with EREC Gb and EREC P28
is necessary. This will generally
allow connection of a Fully
Type Tested device with no
need for mitigation. However,

where the fault level is
unusually low (eg in remote
rural locations) mitigation
measures might be needed

Only installation checks
required — as on the Installation
Document (Form A3-1 or A3-2)
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Type Tested
(Type A)

Registered as product or
component Type Test information
on ENA Website using applicable
parts of Compliance Verification
Report (Form A2-1, A2-2 or A2-
3); andfor

Supplied by the Generator using
applicable parts of Compliance
Verification Report (Form A2-1,
A2-2 or A2-3)

Compliance of the installation
with EREC G5 and EREC P28

Demonstration of technical
requirements not covered by
Manufacturers’ Information.
(Form A3-1 or A3-2)

Standard installation checks
(Form A3-1 or A3-2). Additional
Site Compliance and
Commissioning Checks (Form
A2-4) may also be required

Type Tested (B,
C.D)

Registered as product or
component Type Test information
on ENA Website; and/or
Supplied by the Generator

Compliance of the installation
with EREC G5 and EREC P28

Demonstration of technical
requirements not covered by
Manufacturers’ Information.
(Form B2-1 or Form C2-1)

Standard installation checks
(Form B3 or Form C3).

Additional Site Compliance and
Commissioning Checks (Form
B2-2 or Form C2-2) may also be
required

One off installation
(B,C,D)

To be provided by the Generator
for those aspects that cannot be
demonstrated on site (including

Compliance of the installation
with EREC G5 and EREC P28

simulations etc)

Demonstration of technical
requirements not covered by
Manufacturers’ Information.
(Form B2-1 or Form C2-1)

Standard installation checks
also required (Form B3 or Form
C3).

‘Additional Site Compliance and
Commissioning Checks (Form
B2-2 or Form C2-2) may also be
required

P

22.2

Annex Contents and Form Guidance

Annax Application Form Title
AD Cover Sheet for Type A Power
Generating Facility Forms
Al Connection Application for Type A Form A1-1: Application for connection
Fully Type Tested (<50 kW) Power of Power Generating Module(s) with
Generating Modules Total Aggregate Capacity <50 kW 3-
phase or 17 KW single phase
Connection Application for Integrated
Micro Generation and Storage Form A1-2: Application for connection
of an Integrated Micro Genaration
Mote for all other Power Generating and Storage installation
Modules the DNO's Standard
Application Form shall be used.
A2 Compliance report for Type A Type Form A2-1: Compliance Verification
Tested Report for Synchronous Power
Ganerating Modules up to and
including 50 KW
Form A2-2: Compliance Verfication
Report for Synchronous Power
Generating Modules > 50 KW and also
for Synchronous Power Generating
Modules s 50 kW where the appreach
of this form is preferred to that in Form
A2-1
Form A2-3 Compliance Verification
Report for Inverter Connected Power
Generating Modules
AZ Additional Compliance and Form A2-4: Site Compliance and
Commissioning test requirements for Commissioning test requirements for
Type A Power Generating Modules Type A Power Generating Modules
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A3 Installation and Commissioning a Form A3-1: Installation Document for P
Power Generating Facility Type A Power Generating Modules
comprising one or more Type A
Generating Modules Form A3-2: Installation Document for
Integrated Micro Generation and
Storage installations
A4 Emerging Technologies and other
Exceptions
A5 Example calculations to determine if
unequal generation across different
phases is acceptable or not
A6 Scenario examples in respect of the
application of EREC G59 and EREC
G99 to new or modified sites after
27104/19
AT Requirements for Type Testing Type
A Power Generating Modules
B.1 Application Refer to Standard Application Form
B.2-1 Compliance documentation for Type Form B2-1: Power Generating Module
B Power Generating Modules Document for Type B Power
Generating Modules
B.2-2 Additional Compliance and Form B2-2 Site Compliance and
Commissioning test requirements for Commissicning test requirements for
Type B Power Generating Modules Type B Power Generating Modules
B.3 Installation and Commissioning Form B2: Installation and
Confirmation Form Commissioning Confirmation Form for
Type B Power Generating Modules
B4 Simulation Studies for Type B Power
Generating Modules
B.5 Compliance Testing of Type B
Synchronous Power Generating
Modules
B.6 Compliance testing of Type B Power
Park Modules
CA Application Refer to Standard Application Form
C.2-1 Compliance documentation for Type Form C2-1: Power Generating Module
C and Type D Power Generating Document for Type C and Type D
Modules Power Generating Modules
c.2-2 Additional Compliance and Form C2-2 Site Compliance and
Commissioning test requirements for Commissioning test requirements for
Type C and Type D Power Type C and Type D Power Generating
Generating Modules Modules
C3 Installation and Commissioning Form C3: Installation and
Confirmation Form Commissioning Confirmation Form for
Type C and Type D Power Generating
Modules
c.4 Performance Requirements For
Continuously Acting Automatic
Excitation Control Systems For
Type C and Type D Synchronous
Power Generating Modules
(o35} Performance Requirements For
Continuously Acting Automatic
Excitation Control Systems For
Type C and Type D Power Park
Modules
C.6 Functional Specification for Fault
Recording and Power Quality
Monitoring Equipment Studies for
Type C and Type D Power
Generating Modules
Cc.7 Simulation Studies for Type C and
Type D Power Generating Modules
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c8 Compliance Testing of Type C and P
Type D Synchronous Power
Generating Modules
c9 Compliance Testing of Type € and
Type D Power Park Modules
c.10 Minimum Frequency Response
Capabilities for Type € and Type D
Power Generating Modules
D.0 Decommissioning of any Power Form D1: Decommissioning
Generating Module Confirmation

DA Additional Information Relating to
System Stability Studies

D2 Loss of Mains Protection Analysis
D.3 Main Statutory and other Obligations
D4 Summary of Reactive Power and

voltage control requirements
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Appendix 1: Compliance Verification Report — Tests for Type B, C and D Inverter
Connected Power Generating Modules

12.2.1/12.2.2
13.2.1/13.2.2

Two tests should be carried with the Power Generating Module operating at Registered Capacity and
connected to a suitable test supply or grid simulation set. The power supplied by the primary source shall
be kept stable within + 5 % of the apparent power value set for the entire duration of each test sequence.

Operating Range: P

Frequency, voltage and Active Power measurements at the output terminals of the Power Generating
Module shall be recorded every second. The tests will verify that the Power Generating Module can
operate within the required ranges for the specified period of time.

The Interface Protection shall be disabled during the tests.

In case of a PV Power Park Module the PV primary source may be replaced by a DC source.

In case of a full converter Power Park Module (eg wind) the primary source and the prime mover
Inverter/rectifier may be replaced by a DC source.

Pass or failure of the test should be indicated in the fields below (right hand side), for example with the
statement “Pass”, “No disconnection occurs”, etc. Graphical evidence is preferred.

Note that the value of voltage stated in brackets assumes a LV connection. This should be adjusted for
HV as required.

Test 1 )
. 100% 48.0
Voltage = 85% of nominal (195.5 V),
Frequency = 47 Hz, ©
Power Factor =1, =2 95% 47.5 -
Period of test 20 s S T
= &
=2 90% 47.0 5
d =]
S5 85k 46.5
80% 46.0
0 5 10 15 20 25
Time(s)
P/Pn —U/Un
Test 2
Voltage = 85% of nominal (195.5 V), 100% 48.0
Frequency = 47.5 Hz, '
Power Factor = 1, o
Period of test 90 minutes o 95% 475 =
S z
= &
=2 90% 47.0 5
© =]
kT o
g £
S5 85k 465
80% 46.0
0 1000 2000 3000 4000 5000 6000
Time(s)
—U/Un P/Pn frequency
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Test 3
Voltage = 110% of nominal (253 V), 115% 525
Frequency = 51.5 Hz, '
Power Factor = 1, ©
Period of test 90 minutes o 110% 520 __
S T
= &
T 105% 515 &
< =]
g g

95% 50.5
0 1000 2000 3000 4000 5000 6000
Time(s)
—U/Un ———P/Pn frequency
Test 4
Voltage = 110% of nominal (253 V), 115% 530

Frequency = 52.0 Hz,
Power Factor =1,

Period of test 15 minutes % 110% 525 ~
S z
= )
2 105% 52.0 5
® =]
g g
5 1004 [Feesesnin it ettty 515

95% 51.0
0 200 400 600 800 1000
Time(s)
—U/Un ———P/Pn frequency

Test 5

Voltage = 100% of nominal (230 V), 110% 510

Freguency = 50.0 Hz, '

Power Factor =1, © 105%

Period of test = 90 minutes =2 505 __
£ 100% M
o —
= )
=2 954% 50.0 5
© =]
2 90% ]
& 495 %

85%
80% 49.0
0 2000 4000 6000 8000 10000 12000
Time(s)
—U/Un P/Pn frequency
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Test 6 RoCoF withstand
Confirm that the Power Generating 110% 525
Module is capable of staying * - '
connected to the Distribution Network 105% 515
and operate at rates of change of % -
frequency up to 1 Hzs? as measured = 100% 50.5 i
over a period of 500 ms. Note that this Z ) 3
is not expected to be demonstrated on = 9%k 49.5 §
site. S o0% 485 8
g et
85% 475
80% 46.5
0 5 10 15 20 25 30
Time(s)
—U/Un P/Pn — frequency
115% 53.0
% 10% 52.0 a
= M~
S 51.0 %
T 105% c
g 500 2
= g
5 ,' y—
95% 48.0
0 5 10 15 20 25
Time(s)
— UJ/Un P/Pn — frequency
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Model: SG250HX [
Test 1:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (kW) factor (seconds)
681.03 47.00 208.275 1.000 20
Test 2:
Measured Voltage Measured Measured Power Measured Power Test Time
V) Frequency (Hz) (kW) factor (Minutes)
681.03 47.50 208.222 1.000 90
Test 3:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
880.56 51.50 226.172 1.000 90
Test 4:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (kW) factor (Minutes)
880.58 52.00 226.238 1.000 15
Test 5:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (kW) factor (Minutes)
799.63 50.00 225.308 1.000 90
Test 6:
Measurt(e\c/i)Voltage Ramp range Test :;?g;ency Test Duration Confirm no trip
680.0 47.0 Hz t0 52.0 Hz +1 Hzst 50s No trip
880.0 52.0 Hz to 49.0 Hz -1 Hzs? 50s No trip
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9.4.3 Power Quality — Harmonics: P

For Power Generating Modules of Registered Capacity of less than 75 A per phase (ie 50 kW) the test
requirements are specified in Annex A.7.1.5. These tests should be carried out as specified in BS EN
61000-3-12, and measurements for the 2" — 13" harmonics should be provided. The results need to
comply with the limits of Table 2 of BS EN 61000-3-12 for single phase equipment and Table 3 of BS EN
610000-3-12 for three phase equipment. For three phase Power Generating Modules, measurements for
all phases should be provided.

For Power Generating Modules of Registered Capacity of greater than 75 A per phase (ie 50 kW) the
installation must be designed in accordance with EREC G5.

The rating of the Power Generating Module (per phase) should be provided below, and the Total
Harmonic Distortion (THD) and Partial Weighted Harmonic Distortion (PWHD) should be provided at the
bottom of this section.

Model: SG250HX
Power Generating Module tested to BS EN 61000-3-12

Power Generating Module rating per phase Harmonic % =
(rpp) 75 KVA Measured Value (A) x
46/rating per phase
(kVA)
Single or three phase measurements (for
single phase measurements, only complete three phase PV inverter
L1 columns below)
| At45-55% of Registered Capacity Limit in BS EN 61000-
Harmonic - -
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.044 0.077 0.077 0.03 0.05 0.05 8% 8%
3 0.183 0.093 0.089 0.11 0.06 0.05 21.6% Not stated
4 0.041 0.025 0.040 0.03 0.02 0.02 4% 4%
5 1.966 1.903 2.020 1.21 1.17 1.24 10.7% 10.7%
6 0.025 0.025 0.026 0.02 0.02 0.02 2.67% 2.67%
7 3.408 3.368 3.336 2.09 2.07 2.05 7.2% 7.2%
8 0.025 0.028 0.023 0.02 0.02 0.01 2% 2%
9 0.150 0.084 0.101 0.09 0.05 0.06 3.8% Not stated
10 0.025 0.024 0.025 0.02 0.01 0.02 1.6% 1.6%
11 0.884 0.767 0.808 0.54 0.47 0.50 3.1% 3.1%
12 0.026 0.033 0.035 0.02 0.02 0.02 1.33% 1.33%
13 0.122 0.140 0.152 0.07 0.09 0.09 2% 2%
THD - - - 2.58 2.53 2.55 23% 13%
PWHD - - - 3.10 3.21 3.11 23% 22%

THD = Total Harmonic Distortion
PWHD = Partial Weighted Harmonic Distortion
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Harmonic At 100% of Registerec-l Capacity Limit in BS EN 61000-
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.061 0.099 0.105 0.04 0.06 0.06 8% 8%
3 0.160 0.056 0.117 0.10 0.03 0.07 21.6% Not stated
4 0.040 0.026 0.026 0.02 0.02 0.02 4% 4%
5 0.822 0.733 0.707 0.50 0.45 0.43 10.7% 10.7%
6 0.042 0.051 0.023 0.03 0.03 0.01 2.67% 2.67%
7 2.054 2.065 2.009 1.26 1.27 1.23 7.2% 7.2%
8 0.025 0.056 0.048 0.02 0.03 0.03 2% 2%
9 0.124 0.115 0.077 0.08 0.07 0.05 3.8% Not stated
10 0.033 0.053 0.034 0.02 0.03 0.02 1.6% 1.6%
11 0.949 0.883 0.923 0.58 0.54 0.57 3.1% 3.1%
12 0.036 0.052 0.028 0.02 0.03 0.02 1.33% 1.33%
13 0.682 0.610 0.649 0.42 0.37 0.40 2% 2%
THD 1.62 1.59 1.58 23% 13%
PWHD 2.25 2.29 2.33 23% 22%

THD = Total Harmonic Distortion
PWHD = Partial Weighted Harmonic Distortion
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9.4.3 Power Quality — Voltage fluctuations and Flicker: P

These tests should be undertaken in accordance with Annex A.7.2.5.3. Results should be normalised to a
standard source impedance, or if this results in figures above the limits set in BS EN 61000-3-11 to a
suitable maximum impedance.

Model: SG250HX
Starting Stopping Running
d(max) o o d(max) o o o P 2 hours
[%] d(c) [%] | d(t) [ %] [%] d(c) [%] | d(t) [%] | Pst[%] [%]
Measured | |, | (g3 0.07 0 0.76 0.14 0 0.07 0.07
Values at
test
impedance L2 0.69 0.12 0 0.88 0.07 0 0.07 0.07
L3 0.95 0.16 0 0.70 0.14 0 0.07 0.07
Normalised | - ) | 53 0.07 0 0.76 0.14 0 0.07 0.07
to standard
impedance |\, | 69 0.12 0 0.88 0.07 0 0.07 0.07
L3 0.95 0.16 0 0.70 0.14 0 0.07 0.07
Normalised | , N/A N/A N/A N/A N/A N/A N/A N/A
to required
maximum
impedance L2 N/A N/A N/A N/A N/A N/A N/A N/A
L3 N/A N/A N/A N/A N/A N/A N/A N/A
Limits set under
BS EN 61000-3- 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
11
Test
Impedance R 0.4 Q Xl 0.25 Q
Standard
R 0.24* 0.15*
Impedance 0 X 0
0417 0.25 7
Maximum p “
Impedance R N/A Q Xl N/A Q

* Applies to three phase and split single phase Power Generating Modules.

~ Applies to single phase Power Generating Module and Power Generating Modules using two phases
on a three phase system. Delete as appropriate.

# All the test value and calculated value normalised to standard impedance of dmax test, dc test, d(t) test,
Pst test and PIt test were complies with the requirements of IEC 61000-3-11 and therefore is not subject to
conditional connection, so the manufacturer no need to declare maximum Impedance.

For voltage change and flicker measurements the following formula is to be used to convert the measured
values to the normalised values where the Power Factor of the generation output is 0.98 or above.
Normalised value = Measured value x reference source resistance/measured source resistance at test
point.

Single phase units reference source resistance is 0.4 Q
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Flicker Mode
CEdZ.0)

Count

Interval
Element 1
volt Range
Un (Set)
Freq(u1l

[I=I=- R =R B ST

ndate 3600

600v(230v-50Hz)
462.000 v
50.000 Hz

Continuous operating L1 phase

Uover:= = = =
Iover:= = = = Flicker:

12712

Eeeesssessssssssssssssssssss | Im00s~ 10m00s

Element1 Judgement: Pass
Total Judgement: Pass
(Element1,2,3)

d0msT [ st | PIt |

L1m1t 3.30 4.00 500
3. 3|](/)
ﬂ ﬂ

============
============

2019-10-30 22:01:58

Flicker Mode
CEdZ.0)

Count

Interval
Element 2
volt Range
Un (Set)
Freq(uz)

1
2
3
4
i}
[
7
8
9

ndate 3600

600v(230v/50Hz)
462.000 v
50.001 Hz

Continuous operating L2 phase

Uoyer:= = = =
lover:= = = = Flicker:
12712

s | Im00s~ 10m00s

Element? Judgement: Pass
Total Judgement: Pass
(Element1,2,3)

[ dela [ dmaxCal | d(imsI] _Pst | PIt |

Limit | 3.30 4.00 500
3. 30(/)

============
============

0.07 Pass

2019-10-30 22:02:05
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Continuous operating L3 phase

Flicker Mode Uover:= = = =
(EdZ.0) Iover:= = m m Flicker:

Count 1212
Interval ————ss= 10m00s~10m00s
Element 3
volt Range  600v(230v-50Hz) Element3 Judgement: Pass
Un (Set) 462.000 v Total Judgement: Pass
Freq(u3) (Element1.2.,3)

_ dt)lms1 [ pPst [ PIt |

3.30 4.00 500 U 65
3 30(/) 12
ﬂ

============
[— — N — N — I — i — I — I — J — g — ]
============

0.0

0.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

2019-10-30 22:02:10

Switch on and switch off operating L1 phase

Flicker Mode Uover:m m m m 11-3 :200mv YOKOGAWA 4
IEC61000-4-15 EdZ.0 Jover:m m m m Flicker:Complete 0:20:00
Count 272
Interval 10m00s/ 10m00s
Element 1
volt Range A1000v(230v~-50Hz) Element1 Judgement: Pass
un (U1l 0.80035ky Total Judgement: Pass
Freq(u1l 50.000 Hz (Element1,2,3)
delx] dmax (] TmaxLms 1 Pst Plt
Limit | 3.30 4.00 00 1.00 0.65
3.3002) N:12
No. 1 0.07 Pass 0.61 Pass 0 Pass 0.13 Pass
2 0.14 Pass 0.76 Pass 0 Pass 0.13 Pass
Resul ] Pass Pass Pass Pass 0.07 Pass

Update 600
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Switch on and switch off operating L2 phase

Flicker Mode
IEC61000-4-15 Ed2.0

Element

Count
Interval
i

Uoyer:= = = =
Jover:= = m m

volt Range A1000v(230v-50Hz)

11-3 :Z00mv
Flicker:Complete 0:20:00

272
10m00s~10m00

Element? Judgement: Pass

YOKOGAWA 4

5

un (U2 0.79940ky Total Judgement: Pass
Freq(uz2) 50.000 Hz (Element1,2,3)
delx] dmax (] Tmax[ms 1 Pst Plt
Limit | 3.30 4.00 500 1.00 0.65
3.3004) N:12
No. 1 0.12 Pass 0.69 Pass 0 Pass 0.13 Pass
2 0.07 Pass 0.88 Pass 0 Pass 0.14 Pass
Resul Pass Pass Pass Pass 0.08 Pass
Update 600
Switch on and switch off operating L3 phase
Flicker Mode Uover:m m m m 11-3 :200mv YOKOGAMN 4
IEC61000-4-15 EdZ2.0 Iover'm = m m Flicker:Complete 0:20:00
Count 272
Interval 10m00s~ 10m00s
Element 3
volt Range A1000v(230v-50Hz) Element3 Judgement: Pass
un (W3 0.80197ky Total Judgement: Pass
Freq(u3) 50.000 Hz (Element1,2,3)
dclx] dmax[+1 Tmax[ms] Pst Plt
Limit | 3.30 4.00 500 1.00 0.65
3.3002) N:12
No. 1 0.16 Pass 0.95 Pass 0 Pass 0.14 Pass
0.14 Pass 0.70 Pass 0 Pass 0.14 Pass
Result| Pass Pass Pass Pass 0.08 Pass
Update 600
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9.4.6 Power quality — DC injection:

P

greater than 0.25%.

% DC injection = Recorded DC value in Amps / Base current

The tests should be carried out on a single Generating Unit. Tests are to be carried out at three defined
power levels +5%. At 230 V a 50 kW three phase Inverter has a current output of 217 A so DC limit is 543
mA. These tests should be undertaken in accordance with Annex A.7.1.4.4.

The % DC injection (“as % of rated AC current” below) is calculated as follows:

where the base current is the Registered Capacity (W) / Vphase. The % DC injection should not be

Model: SG250HX

L1
Test power level 10% 55% 100%
Recorded DC injection 168.0 145.0 62.0
value in mA
0,
as % of rated AC 0.10 0.09 0.04
current
Limit 0.25% 0.25% 0.25%
L2
Test power level 10% 55% 100%
Recorded DC injection 143.9 178.0 55.0
value in mA
0,
as % of rated AC 0.09 0.11 0.04
current
Limit 0.25% 0.25% 0.25%
L3
Test power level 10% 55% 100%
Recorded DC injection 122 3 148.0 79.0
value in mA
0,
as % of rated AC 0.08 0.09 0.05
current
Limit 0.25% 0.25% 0.25%
800 120%
600
400 90%
200
< 0 ‘ 60%
E o
ﬁ -200
400 30%
600
oo TP P P PP T P 0%
0 100 200 300 400 500 600 700 800 900 1000
time (s)
Idc 11 Idc 12 Idc 13 =====Idc- ===-=- Idc+ P/Pn
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9.4.5 Power Factor:

P

HV as required.

The tests should be carried out on a single Power Generating Module. Tests are to be carried out at
three voltage levels and at Registered Capacity and the measured Power Factor must be greater than
0.95 to pass. Voltage to be maintained within £1.5% of the stated level during the test. These tests should
be undertaken in accordance with Annex A.7.1.4.2

Note that the value of voltage stated in brackets assumes a LV connection. This should be adjusted for

Model: SG250HX

Voltage 0.94 p.u. (752 V) 1 p.u. (800 V) 1.1 p.u. (880V)
Measured value 0.9999 0.9999 0.9999
Power Factor Limit >0.95 >0.95 >0.95
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10.6.7.1 Protection — Frequency tests: P

These tests should be carried out in accordance with the Annex A.7.1.2.3. For trip tests, frequency and
time delay should be stated. For “no trip tests”, “no trip” can be stated.

Model: SG250HX

Function Setting Trip test “No trip tests”
Frequency Time delay Frequency Time delay F_requency/ C_onﬂrm no
time trip
U/F stage 1 475 Hz 20s 47.4Hz 20.15s ggz Hz No trip
UF stage2 | 47 Hz 055 46.9Hz 0.551s ‘1‘;'5 SHZ No trip
46.8 Hz .
0.45 s No trip
51.8 Hz .
O/F 52.0Hz 0.5s 52.1Hz 0.542s 120.0 s No trip
52.2 Hz .
0.45 s No trip

Note: For frequency trip tests the frequency required to trip is the setting + 0.1 Hz. In order to measure the
time delay a larger deviation than the minimum required to operate the projection can be used. The “No
trip tests” need to be carried out at the setting + 0.2 Hz and for the relevant times as shown in the table
above to ensure that the protection will not trip in error.

Graph of U/F stage 1
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Graph of U/F stage 2
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Channel 1 represents output voltage of EUT
Channel 3 represents trip signal
Channel 4 represents output current of EUT

TRF No. G99/1-8_V1.0



Page 106 of 192

Report No.: 6138292.50V1.1

G99/1-8
Clause Requirement - Test Result - Remark Verdict
10.6.7.1 Protection — Voltage tests p
Type B, C =LV Protection
These tests should be carried out in accordance with Annex A.7.1.2.2. For trip tests, voltage and time
delay should be stated. For “no trip tests”, “no trip” can be stated.
Note that the value of voltage stated below assumes a LV connection This should be adjusted for HV
taking account of the VT ratio as required.
Model: SG250HX
L1-L2 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time | Confirm no trip
0.8 pu 654.3V .
unv (640 V) 25s 637V 2.545 s 50s No trip
626.1V .
245 s No trip
1.14 pu 898.4V .
O/V stage 1 (912 V) 10s 915V 1.045s 50s No trip
1.19 pu 938.4V .
O/V stage 2 (952 V) 05s 955V 0.565 s 0.95s No trip
965.6 V .
0.45 s No trip
L2-L3 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay Voltage/time | Confirm no trip
0.8 pu 654.3V .
unv (640 V) 25s 637V 2.537 s 50s No trip
626.1V .
2 45 s No trip
1.14 pu 898.4V .
O/V stage 1 (912 V) 1.0s 915V 1.033 s 50s No trip
1.19 pu 938.4V .
O/V stage 2 (952 V) 0.5s 955V 0.561s 0.95s No trip
965.6 V .
0.45 s No trip
L3-L1 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage/time | Confirm no trip
0.8 pu 654.3 V .
u/nv (640 V) 25s 637 V 2.553s 50s No trip
626.1V No trip
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245s
1.14 pu 898.4V .
O/V stage 1 (912 V) 10s 915V 1.041 s 505 No trip
1.19 pu 938.4V .
O/V stage 2 (952 V) 05s 955V 0.533 s 0.95s No trip
965.6 V .
0.45 s No trip

Note: For Voltage tests the Voltage required to trip is the setting +3.45 V. The time delay can be
measured at a larger deviation than the minimum required to operate the protection. The No trip tests
need to be carried out at the setting +4 V and for the relevant times as shown in the table above to ensure
that the protection will not trip in error.
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Graph of U/V L1-L2 Phase
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Graph of U/V L3-L1 Phase
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Graph of O/V stage 1 L2-L3 Phase

A
L et

” 7 400ms

TRF No. G99/1-8_V1.0



Page 111 of 192 Report No.: 6138292.50V1.1
G99/1-8
Clause Requirement - Test Result - Remark Verdict

Graph of O/V stage 2 L1-L3 Phas
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Graph of O/V stage 2 L3-L1 Phas
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10.6.7.1 Protection — Voltage tests p
Type B, C — HV Protection
Model: SG250HX
L1-L2 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time | Confirm no trip
0.8 pu 654.3V .
unv (640 V) 25s 637V 2.545 s 50s No trip
626.1V .
245 s No trip
1.10 pu 866.1V .
O/V stage 1 (880 V) 10s 883V 1.052 s 505 No trip
1.13 pu 886.4V .
O/V stage 2 (904 V) 0.5s 907 V 0.536's 0.95s No trip
917.6 V .
0.45 s No trip
L2-L3 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay Voltage/time | Confirm no trip
0.8 pu 654.3V .
unv (640 V) 25s 637V 2.537 s 50s No trip
626.1V .
2 45 s No trip
1.10 pu 866.1V .
O/V stage 1 (880 V) 1.0s 883V 1.056 s 50s No trip
1.13 pu 886.4V .
O/V stage 2 (904 V) 0.5s 907 V 0.560 s 0.95s No trip
917.6 V .
0.45 s No trip
L3-L1 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay Voltage/time | Confirm no trip
0.8 pu 654.3V .
u/nv (640 V) 25s 637 V 2.553 50s No trip
626.1V .
2 45 s No trip
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1.10 pu 866.1V .
O/V stage 1 (880 V) 10s 883V 1.064 s 50s No trip
1.13 pu 886.4 V .
O/V stage 2 (904 V) 05s 907 vV 0.568 s 0.95 s No trip
917.6 V .
0.45 s No trip
Note:

Note for Voltage tests the Voltage required to trip is the setting £1.5% of the nominal value. The time delay
can be measured at a larger deviation than the minimum required to operate the protection. The No trip
tests need to be carried out at the setting £2% of the nominal value and for the relevant times as shown in

the table above to ensure that the protection will not trip in error.

Over and Under voltage protection shall operate independently for all three phases in all cases.
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Graph of U/V L3-L1 Phase
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Graph of O/V stage 1 L2-L3 Phas
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Graph of O/V stage 2 L1-L3 Phase

(===}

T

.1 ."

-WIl’|'i|ll’|'i\Jth'i\It’|'i\It’|'i|Il’|'l‘Il'|'ilIl'|'J\It'|'i\It'|'ﬂIt'|'ilIl'|'i|Il'|'l‘Il'|'l‘It'|'l‘It'|'l‘It’|'ﬁIl'|'i|Il’|'i|Il’|'i‘It'|'i‘It’|'i\It'|'ﬁll'|'|‘ll'|‘]‘Il’|‘iWI""w-"'*'*-w“-w-'m*-*

& 2.00ky ” 7 400m

TRF No. G99/1-8_V1.0



Page 119 of 192 Report No.: 6138292.50V1.1
G99/1-8
Clause Requiremen t- Test Result - Remark Verdict

Graph of O/V stage 2 L3-L1 Phas
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10.6.7.1 Protection — Voltage tests p
Type D
These tests should be carried out in accordance with Annex A.7.1.2.2. For trip tests, voltage and time
delay should be stated. For “no trip tests”, “no trip” can be stated.
Note that the value of voltage stated below assumes a LV connection This should be adjusted for HV
taking account of the VT ratio as required.
Model: SG250HX
L1-L2 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time | Confirm no trip
0.8 pu 654.3V .
unv (640 V) 25s 637 V 2.553s 50 No trip
626.1V .
245 s No trip
1.1 pu 866.1V .
O/V stage 1 (880 V) 1.0s 883V 1.046 s 50s No trip
893.6 V .
0.95 s No trip
L2-L3 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay Voltage/time | Confirm no trip
0.8 pu 654.3V .
unv (640 V) 25s 637V 2.545 s 50s No trip
626.1V .
2 45 s No trip
1.1 pu 866.1V .
O/V stage 1 (880 V) 1.0s 883V 1.038 s 50s No trip
893.6 V .
0.95 s No trip
L3-L1 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay Voltage/time | Confirm no trip
0.8 pu 654.3V .
u/nv (640 V) 25s 637 V 2.553 s 50s No trip
626.1V .
2 45 s No trip
O/V stage 1 1.1lpu 10s 883V 1.046 s 866.1 V No trip
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(880V) 5.0s
893.6 V .
0.95 s No trip

Note:

Note for Voltage tests the Voltage required to trip is the setting £1.5% of the nominal value. The time delay
can be measured at a larger deviation than the minimum required to operate the protection. The No trip
tests need to be carried out at the setting £2% of the nominal value and for the relevant times as shown in

the table above to ensure that the protection will not trip in error.

Over and Under voltage protection shall operate independently for all three phases in all cases.
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Graph of U/V L3-L1 Phase
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9.6 Protection — Loss of Mains test

P

These tests should be carried out in accordance with BS EN 62116. Annex A.7.1.2.4.

For test condition A, EUT output = 100 % Pn, test condition B, EUT output = 50 % to 66 % Pn, and test
condition C, EUT output = 25 % to 33 % Pn.

Model: SG250HX

The following sub set of tests should be recorded in the following table.

Test Power | 33% 66% 100% 33% 66% 100%
and -5% Q -5% Q -5% P +5% Q +5% Q +5% P
imbalance Test 22 Test 12 Test 5 Test 31 Test 21 Test 10
Trip time.
Limitis 235 ms 241.0 ms 264.0 ms 229 ms 259.0 ms 251.0 ms
0.5s
P;UT ?,) Reactive | Pac? Qac® | Run-on | o Actual
No. (EEJ(')I' load (% | (% of (% of time (W)T ch:a Voc 9 Remarks ©
rating) of Qu) | nominal) | nominal) (ms)

1 100 100 0 0 255.2 225 1.00 1190 /

2 66 66 0 0 202.2 148.5 1.00 1050 /

3 33 33 0 0 274.0 74.25 1.00 900 /

4 100 100 -5 -5 282.0 225 1.03 1190 Test A at 1B

5 100 100 -5 0 264.0 225 1.05 1190 TestAatIB

6 100 100 -5 45 255.0 225 1.08 1190 TestA atIB

7 100 100 -5 440.0 225 0.97 1190 TestAatIB

8 100 100 +5 473.0 225 1.02 1190 TestA atIB

9 100 100 +5 -5 272.0 225 0.96 1190 TestA atIB
10 100 100 +5 0 251.0 225 0.94 1190 TestAatIB
11 100 100 +5 +5 260.0 225 0.98 1190 TestAatIB
12 66 66 0 -5 241.0 148.5 0.97 1050 TestB atIB
13 66 66 0 -4 280.0 148.5 0.98 1050 TestB at IB
14 66 66 0 -3 256.0 148.5 0.98 1050 Test B at IB
15 66 66 0 -2 159.2 148.5 0.99 1050 Test B at IB
16 66 66 0 -1 199.0 148.5 0.99 1050 TestB at IB
17 66 66 0 +1 254.2 148.5 1.00 1050 TestB atIB
18 66 66 0 +2 481.0 148.5 1.01 1050 TestB atIB
19 66 66 0 +3 391.0 148.5 1.01 1050 TestB atIB
20 66 66 0 +4 267.0 148.5 1.02 1050 TestB at IB
21 66 66 0 +5 259.0 148.5 1.02 1050 TestB at IB
22 33 33 0 -5 235.0 74.25 0.97 900 TestB at IB
23 33 33 0 -4 232.0 74.25 0.98 900 TestCatIB
24 33 33 0 -3 253.0 74.25 0.98 900 TestCatIB
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25 33 33 0 -2 271.0 74.25 0.99 900 TestCatIB
26 33 33 0 -1 271.0 74.25 0.99 900 TestCatIB
27 33 33 0 +1 280.0 74.25 1.00 900 TestCatlIB
28 33 33 0 +2 277.0 74.25 1.01 900 TestCatIB
29 33 33 0 +3 271.0 74.25 1.01 900 TestCatIB
30 33 33 0 +4 211.0 74.25 1.02 900 TestCatIB
31 33 33 0 +5 229.0 74.25 1.02 900 TestCatIB
Note:

APEUT: EUT output power.

bPac: Active power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 %
test condition value.

®)Qac: Reactive power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 %
test condition value.

YFor test condition A, > 75 % of rated input voltage range used, for test condition B, 50 % of rated input
voltage range, +10 % used, for test condition C, < 20 % of rated input voltage range used. Based on
EUT rated input operating range. For example, if range is between X volts and Y volts, 75 % of range
=X+ 0,75 x (Y — X). Y shall not exceed 0,8 x EUT maximum system voltage (i.e., maximum
allowable array open circuit voltage). In any case, the EUT should not be operated outside of its
allowable input voltage range.

®BL: Balance condition, IB: Imbalance condition.

If the device requires additional shut down time (beyond 0.5 s but less than 1 s) then this should be stated
on this form.

Grap

25

h of disconnection at Pac O an Qac 0 reactive load and 100% nominal power

'
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10.6.2 Loss of Mains Protection, Vector Shift Stability test

P

This test should be carried out in accordance with Annex A.7.1.2.6. Confirmation is required that the
Power Generating Module does not trip under positive / negative vector shift.

Model: SG250HX

Start Frequency Change Confirm no trip
Positive Vector Shift 49.5 Hz +50 degrees No trip
Negative Vector Shift 50.5 Hz - 50 degrees No trip

10.6.2 Loss of Mains Protection, RoCoF Stability test

This test should be carried out in accordance with Annex A.7.1.2.6. Confirmation is required that the
Power Generating Module does not trip for the duration of the ramp up and ramp down test.

Model: SG250HX

Ramp range

Test frequency ramp:

Test Duration

Confirm no trip

49.0 Hz to 51.0 Hz

+0.95 Hzs?

2.1s

No trip

51.0 Hz to 49.0 Hz

-0.95 Hzs?

2.1s

No trip
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12.1.3 TABLE: Reduction of active power on setpoint =
13.1.3 (for Type B, Type C, Type D)

Model SG250HX
1-min mean
value, PIPy [%] 100 90 80 70 60 50 40 30 20 10 0
Psetpoin[KW]: 2250 | 2025 | 180.0 | 1575 | 1350 | 1125 | 90.0 67.5 45.0 22.5 0
Peso [KW]: 226.401 | 201.961 | 179.777 | 157.508 | 135.142 | 112.744 | 90.329 | 67.856 | 45.301 | 22.710 0
APeso/Pemax [%]: | 0.62 -0.24 | -0.10 0 0.06 0.11 0.15 0.16 0.13 0.09 0
Limit 55
reduce time [s]

Graph of the setting accuracy:

Note:

The Active Power reduction will be either between 1.0 p.u. of Registered Capacity Active Power and
zero, or between 1.0 pu of Registered Capacity Active Power and Minimum Stable Operating Level. In
the latter case the Generator will agree with the DNO how zero output can be achieved, including the
option of using the logic interface as described in paragraph 11.1.3.1.

11.1.3.1 By default the DNO logic interface will take the form of a simple binary output that can be operated
by a simple switch or contactor. When the switch is closed the Power Generating Module can operate
normally. When the switch is opened the Power Generating Module will reduce its Active Power to zero
within 5 s. The signal from the Power Generating Module that is being switched can be either AC
(maximum value 240 V) or DC (maximum value 110 V). If the DNO wishes to make use of the facility to
cease Active Power output the DNO will agree with the Generator how the communication path is to be
achieved.

250.0

225.0

200.0 A

175.0 A

150.0

125.0

100.0

._Power [kW] |

(7]

e

(=]
I

Time [s]

—P_total —P_setpoint —P_limit
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12.2.3 _ . .
13.2.3 TABLE: Output power with falling frequency P
Model SG250HX
Voltage Un=800Vac
Test sequence Measured Active Acceptable Frequency Primary power
Power Output (kW) Active Power (H2) source
50.5 Hz for 5 minutes 225,62 100% Registered 50.50 Photovaltaic
Capacity array simulator
o . :
50.0 Hz for 5 minutes 225.62 100% Registered 50.00 Photovoltaic
Capacity array simulator
0 ; )
49.5 Hz for 5 minutes 225.62 100% Registered 49.50 Photovoltaic
Capacity array simulator
0 ; )
49.0 Hz for 5 minutes 225.63 99% Registered 49.00 Photovoltaic
Capacity array simulator
0 : )
48.0 Hz for 5 minutes 225.64 9% Reglgtered 48.00 Photoyolta|c
Capacity array simulator
96.2% Photovoltaic
47.6 Hz for 5 minutes 225.63 Registered 47.60 :
. array simulator
Capacity
0 ; )
47.1Hz for20's 225,62 95% Registered 47.10 Photovoltaic
Capacity array simulator

Notes:

Each Power Generating Module, shall be capable of:
(a) continuously maintaining constant Active Power output for system frequency changes within the range
50.5 to 49.5 Hz; and

(b) (subject to the provisions of paragraph 12.2.1) maintaining its Active Power output at a level not lower
than the figure determined by the linear relationship shown in Figure 12.1 for system frequency changes
within the range 49.5 to 47 Hz for all ambient temperatures up to and including 25°C, such that if the
system frequency drops to 47 Hz the Active Power output does not decrease by more than 5%.

Power and voltage
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105%

[
o
o
=
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(52
=

[de]
(=]
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85%
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12.2.4 o - )
13.2.4 Limited Frequency Sensitive Mode — Over frequency test: =
B.4.5
The test should be carried out using the specific threshold frequency of 50.4 Hz and Droop of 10%.
Active Power response to rising frequency/time plots are attached if frequency injection tests

; 4 Y
are undertaken in accordance with Annex B.6.2
Model: SG250HX
Alternatively, simulation results should be noted below:
Test sequence at Measured Frequency Calculated | Primary Active
Registered Capacity >80% Active (Hz2) droop (%) Power Power

Power Source Gradient
Output (W)
Step a) 50.00 Hz +0.01 Hz 224.566 50.00 - -
Step b) 50.45 Hz +0.05 Hz 222.267 50.45 9.77 -
Step ¢) 50.70 Hz +0.10 Hz 210.060 50.70 9.29 Photovoltaic -
Step d) 51.15 Hz +0.05 Hz 188.058 51.15 9.23 array -
simulator
Step e) 50.70 Hz +£0.10 Hz 209.905 50.70 9.19 -
Step f) 50.45 Hz +0.05 Hz 222.176 50.45 9.40 -
Step g) 50.00 Hz +0.01 Hz 224.555 50.00 - -
Test sequence at Measured Frequency Calculated | Primary Active
Registered Capacity 40- Active (Hz2) droop (%) Power Power
60% Power Source Gradient
Output (W)
Step a) 50.00 Hz +0.01 Hz 112.543 50.00 B -
Step b) 50.45 Hz +0.05 Hz 110.289 50.45 9.98 -
Step c) 50.70 Hz +0.10 Hz 98.205 50.70 9.42 Photovoltaic -
Step d) 51.15 Hz +0.05 Hz 76.138 51.15 9.27 array -
simulator

Step e) 50.70 Hz £0.10 Hz 97.966 50.70 9.26 -
Step f) 50.45 Hz +0.05 Hz 110.106 50.45 9.23 -
Step g) 50.00 Hz £0.01 Hz 112.572 50.00 - -
Note:
The simulation study event shall be equivalent to:
() a sufficiently large increase in the measured system frequency ramped over 10 s to cause a decrease
in Active Power output in accordance with the Droop setting followed by
(i) 60 s of steady state with the measured system frequency increased to the same level as in B.4.5.4 (i)
as illustrated in Figure B.4.1 below
(iii) then decrease of the measured system frequency ramped over 10 s to cause an increase in Active
Power output back to the maximum Active Power level followed by at least 60 s of steady output.
The allowed tolerance for the frequency measurement shall be + 0.05 Hz. The allowed tolerance for
Active Power output measurement shall be +10% of the required change in Active Power.
The resulting overall tolerance range for a nominal 10% Droop is +2.8% and — 1.5%, ie a Droop less than
12.8% and greater than 8.5%.
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Limited Frequency Sensitive Mode — Over frequency test (100%Pn)
250.00 51.6
240.00 4 l 514
230,00 A L 512
220,00
F 31
210.00 E‘
E 508 o
'g 200.00 | e
o F 50.6 5
. o
& o000 | o
[N
F 504
150,00
170.00 502
160.00 4 rso
s 4—4—---—— 453
1 206 411 616 821 102612311436164118462051225624612666258T130763251345636913596410143064511471649215128
Time [s]
| = Power Frequency |
Limited Frequency Sensitive Mode — Over frequency test (50%Pn)
115.00 51.2
I 51
105.00
9300
w
E - 50.6 E-
] Fry
g 82.00 E
a 50.4 g‘
Cop
('8
7500
F 50.2
6200 | 50
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B.6.2 Frequency Response Tests
Active Power response to rising frequency/time plots are attached if frequency P
injection tests are undertaken in accordance with Annex B.6.2.
(for Type B, Type C, Type D)
Test sequence at Measured Frequency Calculate Primary Active
Registered Active Power (Hz2) droop (%) Power Power
Capacity >65% Output (kW) Source Gradient
Step a) 50.00 Hz £0.01 Hz 227.705 50.00 - Photovoltaic -
array
Step b) 52.00 Hz +0.01 Hz 153.329 52.00 9.68 simulator P
Step ¢) 50.00 Hz +0.01 Hz 227.835 50.00 - -
AP
P rer
4

+0.54 * P,4isthe Registered Capacity (taking into
account any Generating Unitz not in service)

49.5 50.5 51 51.5 52 52.5
¥ >
--------------------- Hz
10% droop

2% droop

[ S————————————— . 1117|1111 THETILLL ——

P is the reference Active Power to which AP is related and. AP is the change in Active Power
output from the Power Generating Module.

Figure 13.2 Active Power Frequency Response capability when operating
in LFSM-O

1. The frequency input and the expected Active Power response which are illustrated for different time
periods from 0 s to 130 s in Figures B.6.1 for a step change in frequency.

2. The response should commence within 2 s and the response shall be to the left of the red line (ie
between the green and red lines), and as close to the green line as possible when following the frequency
step or ramp. Note that the red line represents the 0.5% s-1 specified in paragraph 12.2.4.
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Figure B.6.1(i): LFSM-0O step response test — frequency injection
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13.2.5 Limited Frequency Sensitive Mode — Under frequency (LFSM-U)

Shall be capable of increasing active power output in response to system when this falls below P
49.5Hz. Droop of 10%. Annex C.7.8

Test sequence at Measured Frequency Calculate Primary Active
Registered Capacity 80% | Active Power (Hz2) droop (%) Power Power
Pn Output (kW) Source Gradient
Step a) 50.00 Hz +0.01 Hz 180.006 50.00 - Photovoltaic -
Step b) 49.50 Hz +0.01 Hz 180.004 49.50 - gir;watljllator -
Step ¢) 49.40 Hz +0.01 Hz 184.596 49.40 9.79 P
Step d) 48.50 Hz +0.01 Hz 225.031 48.50 9.99 P
Step e) 49.40 Hz +0.01 Hz 184.714 49.40 9.55 P
Step f) 49.50 Hz +0.01 Hz 181.869 49.50 - -
Step g) 50.00 Hz +0.01 Hz 181.866 50.00 - -
Notes:

1. Droop is 10%.

2. In LFSM-U Mode the inverter shall be capable of providing a power increase up to its Registered
Capacity.

3. A sufficiently large reduction in the measured system frequency ramped over 10 s.

4. Then increase of the measured system frequency ramped over 10 s to cause a reduction in Active
Power output back to the original Active Power level followed by at least 60 s of steady output.

AP
Pea
4

P, is the Registered Capacity
{taking into accountany
Generating Units notin service) 0.03+ Frequency (HZ)

—- 0.024

0.014

Y T T —
494 495 496 497 49.8 499 501 50.2 Hz

a
'
'
|
|
|
|
|
|

ry

W
'

2.0H L0 60 1Mo 60

Time (seconds)
Priis the Registered Capacity, taking into account any Interface Pretections not in service to
which AP is related and AP is the change in Active Pewer output from the Pewer Generating
Module. The Power Geherating Module has to provide a positive Active P ower autput change
with a Dreep of 10% orless based on Py

Figure C.7.3 LFSM-U step response simulation
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—P/Pn frequency(Hz)
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13.2.6 Frequency Sensitive Mode — (FSM) (for Type C, Type D)
The test should be carried out using the specific threshold frequency of 50Hz and Droop of P
4%. (50%Pn/Hz)
Test sequence start at Measured Frequency Calculate Primary Active
80% Registered Capacity | Active Power (Hz2) droop (%) Power Power

Output (kW) Source Gradient
Step a) 50.00 Hz +0.01 Hz 179.745 50.00 - Photovoltaic -
Step b) 50.10 Hz +0.01 Hz 170.230 50.10 4.73 girgwaallator P
Step ¢) 50.20 Hz +0.01 Hz 157.968 50.20 413 P
Step d) 50.30 Hz +0.01 Hz 157.926 50.30 - -
Step e) 50.40 Hz +0.01 Hz 157.892 50.40 - -
Step f) 50.30 Hz +0.01 Hz 157.893 50.30 - -
Step g) 50.20 Hz +0.01 Hz 157.955 50.20 4.13 P
Step h) 50.10 Hz +0.01 Hz 170.221 50.10 4.72 P
Step i) 50.00 Hz +0.01 Hz 179.615 50.00 - -
Step j) 49.90 Hz +0.01 Hz 189.832 49.90 4.40 P
Step k) 49.80 Hz +0.01 Hz 202.048 49.80 4.01 P
Step 1) 49.70 Hz +0.01 Hz 202.116 49.70 - -
Step m) 49.60 Hz +0.01 Hz 202.121 49.60 - -
Step n) 49.70 Hz £0.01 Hz 202.114 49.70 - -
Step 0) 49.80 Hz +0.01 Hz 202.117 49.80 4.00 P
Step p) 49.90 Hz +0.01 Hz 189.845 49.90 4.40 P
Step qg) 50.00 Hz +0.01 Hz 179.846 50.00 - -

1. Power Generating Modules shall be capable of providing Active Power Frequency Response in
accordance with the performance characteristic shown in Figure 13.4 and parameters in Table 13.1.

2. In satisfying the performance requirements specified in paragraph 13.2.6.1 Generators in respect of
each Power Generating Module should be aware: -

i. in the case of over frequency, the Active Power Frequency Response is limited by the Minimum Stable
Operating Level,

ii. in the case of under frequency, the Active Power Frequency Response is limited by the Registered
Capacity,

iii. the actual delivery of Active Power Frequency Response depends on the operating and ambient
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Clause Requirement - Test

conditions of the Power Generating Module when this response is triggered, in particular limitations on
operation near Registered Capacity at low frequencies as specified in 13.2.5 and available primary energy
sources.

iv. The frequency control device (or speed governor) shall also be capable of being set so that it operates
with an overall speed Droop of between 3 — 5%. The Frequency Response Dead band and Droop shall be
able to be reset at any time and as required by the DNO. For the avoidance of doubt, in the case of a
Power Park Module the speed Droop should be equivalent of a fixed setting between 3% and 5% applied

to each Generating Unit in service.
A

- Droop settingis 3-5%in GB area.

- P, is the Registered Capacity
(taking into accountany
Generating Units not in service)

4% Droop
5% Droop

-0.104

Figure 13.4 — Frequency Sensitive Mode capability of Power Generating
Modules and Power Park Modules

Diagram
100% 50.5
90% 50.3
80% b -—l—J I_I— 50.1 £
= 70% | 49.9 ;T
S0% 49.7
50% 49.5
[0} 100 200 300 400 500 600 700 800 S00 1000 1100 1200
Time(s)
P/Pn frequency
95%
90%
85%
= 80%
<
a 75%
T0%
B65%
B60%
49.6 49.7 49.8 49.9 50 50.1 50.2 50.3 504
Frequency (Hz)
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12.3,12.6 . —
13.3 13.6 Fault Ride Through and Fast Fault Injection (For Type B, Type C, Type D) P
Test U/Un | No. of Output power level | Required | Percent of | Percent of Duration of
number [pu] phases P set point (%Pn) | fault Injected Injected .
. restoring
fault duration current after | current after network [ms]
[ms] 60 ms [p.u.] | 120 ms [p.u.]
1 One P=0 140 See below test graphs 140.6
2 phase P =20% + 5% Pn 140 See below test graphs 143.6
asymmet
3 ric fault | P = 100% + 5% Pn 140 See below test graphs 139.9
*
4 T?/pe Two P=0 140 See below test graphs 140.2
5 D phase 5 _ 5006 + 59 P 140 See below test graphs 140.2
(>110 | asymmet
6 KV) ric fault | P = 100% + 5% Pn 140 See below test graphs 140.1
7 Three P=0 140 See below test graphs 140.4
8 phase .| P=20% £ 5% Pn 140 See below test graphs 139.9
symmetri
9 cfault | P =100% + 5% Pn 140 See below test graphs 140.0
10 One P=0 383 See below test graphs 399.7
11 phase P =20% + 5% Pn 383 See below test graphs 402.6
asymmet
12 ric fault | P = 100% % 5% Pn 383 See below test graphs 398.2
13 Two P=0 383 See below test graphs 399.3
14 0.10 phase P =20% + 5% Pn 383 See below test graphs 398.1
asymmet
15 ric fault | P = 100% % 5% Pn 383 See below test graphs 398.9
16 Three P=0 383 See below test graphs 387.9
17 phase .| P=20% £ 5% Pn 383 See below test graphs 398.6
symmetri
18 cfault | P =100% + 5% Pn 383 See below test graphs 398.0
19 One P=0 1352 See below test graphs 1361
20 phase P =20% + 5% Pn 1352 See below test graphs 1360
asymmet
21 ric fault | P =100% % 5% Pn 1352 See below test graphs 1361
22 Two P=0 1352 See below test graphs 1357
23 0.50 phase P =20% + 5% Pn 1352 See below test graphs 1358
asymmet
24 ric fault | P = 100% + 5% Pn 1352 See below test graphs 1371
25 Three P=0 1352 See below test graphs 1362
26 phase .| P =20% £ 5% Pn 1352 See below test graphs 1358
symmetri
27 cfault | P =100% + 5% Pn 1352 See below test graphs 1354
28 One P=0 2200 See below test graphs 2200
29 phase |5 _ o006+ 5% Pn | 2200 See below test graphs 2201
asymmet
30 0.85 | ricfault | P =100% + 5% Pn 2200 See below test graphs 2201
31 I]WO P=0 2200 See below test graphs 2200
ase
32 agymmet P =20% + 5% Pn 2200 See below test graphs 2201
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12.3,12.6 . I
133 13.6 Fault Ride Through and Fast Fault Injection (For Type B, Type C, Type D) P
33 ricfault | p=100% +5%Pn| 2200 See below test graphs 2200
34 Three P=0 2200 See below test graphs 2199
phase — o0 o
35 symmetri P =20% + 5% Pn 2200 See below test graphs 2208
36 cfault | P =100% + 5% Pn 2200 See below test graphs 2208
Note:

*Addtional test condition only for Type D Power Generating Modules above 110 kV.

1

0.5

i} [pu]

0.5

K i
A: three-pole short circuit

B: single-pole short circuit with earth contact
C.: two-pole short circuit without earth contact

TRF No. G99/1-8_V1.0



Page 144 of 192 Report No.: 6138292.50V1.1
G99/1-8

Clause Requirement - Test Result - Remark Verdict

Test 1 — One-phase asymmetrical fault (U/U, = 0): Voltage, active power and reactive current of the
positive and negative sequence system, P =0, L1 phase fault, Traurt

—— UTpu VaEMSpu  —— UTpu U RNSpu T pu: Ve BS_pu
%
g:: 51 1% : Ulpu: Ua_RMS_pu "
01- = 3,993 =
o = 41242 5
0.6- & = 01406 =
oem 71 [UT_pu: s KNS pu -] = 0.0277 %
o e [Tpu VaBISon  v| = 0.0207 %
E z: - <= -0.0070 %
0i-
103 8
200-
800~
00~
500-
s00-
400~
300-
1073 8
200-
300~
00~
800~
500-
400~
300~
200-
100-
a5 3,50 3,55 5,50 555 .00 4.05 4.10 415 4.20 425 4.30

Test 1 — One-phase asymmetrical fault (U/U, = 0): Phase current and voltage of the whole failure
P =0, L1 phase fault, wave of the whole failure

- WO T VT Y
g b————- &
b e
:EE i v Y v v i v v v i)
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Test 2 — One-phase asymmetrical fault (U/U, = 0): Voltage, active power and reactive current of the
positive and negative sequence system, P = 20%Pn, L1 phase fault, Traurt

-3 %

10°-3 %

10°-3 %

— FOS_pu: P_RMS_pos_pu

200~
150~
100-
50-
0-
0.8
0.8-
0.4-
0.2-
1.0~
0.5-
0.0~
-0.5-
300-
200~

100-

—— POS_pu: U_RMS_pos_pu FOS_gu: Iq RS _poes_pu

NEGyu: U_RMS_nezpu — HEGpu: Lq BMS_neg pu

[ 8 0. 91
» #
T { @7 ME : POS_pu: P_RMS_pos_pu [
06690/ %
Bl 4283 =
= 4.4789 =
o = 01438 5
7l [POSpw: VRIS pospn v = 0.6800 %
0.554 % o 4500 % v [PoSpui VRIS possm v = 06710 %
£, re i -yl ~| = -0.0091 %
43433 s SIZHE A3 E f/\_‘%‘
I, 522 67 1073 %
4.30p88 570. 885 4 dodaz &
: . \ . . . , , . . \ \ .
410 415 420 4.25 4.30 435 440 445 450 455 4.80 465 470

Test 2 — One-phase asymmetrical fault (U/U, = 0): Phase current and voltage of the whole failure
P = 20%Pn, L1 phase fault, wave of the whole failure

‘—m

-500

500

o

200

S00-

-500-

100-

-100-

S00-

T —I2 —— W —— I3

A

-200-

Y

f\/W

L 42874 s i
o = 44782 5

= 0158 5

v : e

-l - = -2.487 b

e AT A
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Test 3— One-phase asymmetrical fault (U/U, = 0): Voltage, active power and reactive current of the
positive and negative sequence system, P = 100%Pn, L1 phase fault, Trauit

—— FOS_pu: P_RMS pospu  —— FOS_pu: U_BMS_pos_pu FOS_pu’ Tq_EMS_pos_pu NEG_pu' UMS_nez_pu  —— NEG_pu: Iq RMS_neg_pu

®
%
b4 & I : POS_pu: P_RMS_pos_pu o]
0.2- = 4520 5
10°-5 % ® = ¥l e 10 i : g ?ggé :
o 72,209 1073 T 1 = 0.5663 %
“0m r-a .= 0.0023 %

10°-3 %

W0°-3 %

' ' ' ' ' ' ' ' | ' ' ' ' ' ' ' ' '
4.20 4.25 4.30 4.35 4.40 4.45 4.50 4.55 4,60 4.65 4.70 4.75 4.80 4.85 4.90 4.95 5.00 5.05

Test 3 — One-phase asymmetrical fault (U/U, = 0): Phase current and voltage of the whole failure
P =100%Pn, L1 phase fault, wave of the whole failure

i WiE BE AR

SHI QAL &S ORE-O k2 ; 2;55
e | [ re— reo b
o L T —— -
Y i
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positive and negative sequence system, P=0, L2, L3 phase fault, Ttaut

Test 4 — Two-phase asymmetrical fault (U/U, = 0): Voltage, active power and reactive current of the

—— UI_pu! Ua_RMS_pu UT_pu: Ub_RHS_pu UT_pu: Ue_RMS_pu

%

0.9-

5 JIE : UL pu: Ua RMS_pu

0.8- =

07- =
& =
0.6~
0.5-

0d- [r-m

vl UI_pu: Vs RMS pu -| =
v (UI_pu: Va RNS pu -] =

1.0008 %

-] =

-1.6593E-4 %

0.3-

3.2242 5
33645 =
01402 =
1.0007 %

0.2=

0.9-
0.8~
07-
0.8-
0.5~
04—
0.3-
0.2-
o1-

0.9-
0.8-
0.7-
0.6-
0.5~
0.4-
0.3-
0.2-
o=

P =0, L2, L3 phase fault, wave of the whole failure

Test 4 — Two-phase asymmetrical fault (U/U, = 0): Phase current and voltage of the whole failure

400~

200-

— o ——w 3
B0~ N N Y N N Y Y Y
400- m e Ul

Xl = 3.2078

200~ = 3.3653

& = 0.15T5

&= ¥l [uz ~| = ~0.580

-200- e Uz - 0.755

_a- [z -n - = 1.315

00 v VY v
E00-

~200-

-400-

-600-
£00-

400-

200-

~200-

-400-

—600-
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Test 5 — Two-phase asymmetrical fault (U/U, = 0): Voltage, active power and reactive current of the
positive and negative sequence system, P = 20%Pn, L2, L3 phase fault, Ttauit

—— POS_pu: PRHMS pos pu  —— POS_pu: U_RHS pos pu F0S_pu: Iq BMS pes_pu FEG pu: URMS nezpu  — FEG_pu: To M5 nes pu
[l
150-
100~
50-
*
0.8-
0.6-
3362 ® 33
0.4- - -
~
0.2- 0.3371 %
W3 % ggg- > e = »
622. 308 ~3 % 506.204 10 -3 % 606. =
: N 57 JIE : POS_pu: P_RMS_pos_pu P
400-
W = 3.5937 s
= 3.7339 s
200- & = 0.1402 =
vl [POS_pu: U_BMS_pos_pu -] = 0.3417 %
107-3 % - \m 135 1073 & 336.807 10°-3 % \m sel 102 % yr |FOS_pu: U_EMS pos_pu v = 0.3383 %
-yl - = -0.0085 %
200~
100-
-3 %

—

Test 5 — Two-phase asymmetrical fault (U/U, = 0): Phase current and voltage of the whole failure
P =20%Pn, L2, L3 phase fault, wave of the whole failure

—w — 1 w1 w13 WmE: Ul [

s00- xl = 3.5T88 s
wr = 3.7350 s
& = 0.1583 s

- -yl -| = 0.358
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Test 6 — Two-phase asymmetrical fault (U/U, = 0): Voltage, active power and reactive current of the
positive and negative sequence system, P = 100%Pn, L2, L3 phase fault, Trauit

—— P05 _pu: P_EMS pos_pu — PO05_pu: U_EMS pos_pu POS_pu: Iq BMS pos pu

10°-3 %

400 -

200~

HEG pu: U_RME_neg pu

~ FEG_pu: Iq RMS nez pu

q o
0.8-
0.6-

10038
200-

100-

3324 3333 03433
0.4- r s &
0.2-
10°-3 % go- ~
~ 608|651 107-3 %
538.997 20°-3 %
400~
1 0°-3 %
200 -

w1 S : POS_pu: P_RMS_pos_pu =

1 = 4 1482 =

xr = 4. 2883 =

d = 0.1401 =
— -| = 0.0101 %

10°-3 %

-100-
-200-
-300-

-a00 -

Test 6 — Two-phase asymmetrical fault (U/U, = 0): Phase current and voltage of the whole failure
P =100%Pn, L2, L3 phase fault, wave of the whole failure

I RE BRI OEA A B ME Ul [———
S RA|s S OEE- k@ Wl = 41305
—u —n ' —I2 —wB — I3 - ;fggg
i —
0= wo- sl ~| = 3.480
50 VUMV VY YUV VY VTV VY
200-
100-
9=
-100-
-z00
500
=
-s00
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Test 7 — Three-phase symmetrical fault (U/U, = 0): Voltage, active power and reactive current of the
positive and negative sequence system, P = 0, All phase fault, Trauit

uE MR EE AR & T : ULpu: Ua_RMS_pu ===
=& Qﬂﬂi mES Bk OER- Iy 2 Al = 35927 5

— T pu Us BMS pu  —— UL pu: Ub_RMS pu UT_pu: Us_EMS_pu xr = 3.7T331 s
& = oM s ||
%

Ba- 7L [UI_pu: Us RS pu BE 0.0083 %
0.6- v (VLpu: Vs RS pu -] = 0.0037 %
0.7- [ -m -] = -0.0048 %
0.6~
0.5-
0.4-
0.3-
0.2-
01-

0.9-
0.5
0.7-
0.6-
0.5-
0.4~
0.3-
0.2-
01-

107-3 %
ann-
&00-
o0~
600~
500~
400-
300~
200-
100~

Test 7 — Three-phase symmetrical fault (U/U, = 0): Phase current and voltage of the whole failure
P =0, All phase fault, wave of the whole failure

- AA A A A QA A QA
400~ m i : Ul &J
o —
l—
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Test 8 — Three-phase symmetrical fault (U/U, = 0): Voltage, active power and reactive current of the
positive and negative sequence system, P = 20%Pn, All phase fault, Ttauit

— P0S_pu: P_RHS_pes_pu
10°-3 %

F0S_pu: U_RNS_pos_pu FOS_pu: Iq RS pes_pu

200-

150-

100~

0.9-
& JIE : POS_pu: P_RMS_pos_pu B4

0.7~ =l = 3.7449 s
ar = 3.8849 s
& = 0.1399 s

o= ¥l |FOS_pu: U _EMS_pos_pu v = 00047 %
0.4-
yr [POS_pu: U_RMS_pos_pu -| = 0.0075 %
-l -| = 0.0028 %
0.2- ¥ = ¥

3.76534 = 3.80333 5 3.86547 =
»

Test 8 — Three-phase symmetrical fault (U/U, = 0): Phase current and voltage of the whole failure
P = 20%Pn, All phase fault, wave of the whole failure

—w —1 2z —I12 — 1B — I3

"AAAAAAAAY O IAAAAANAAAN]
o/ VYV VYV VY VYV VVV VYV

200
o= W
-200- w7 ME: UL =]
500- x1 = 3.7278 =
xr = 3.5066 =
0- & = 0.1988 =
yr- ¥l - = -7 258
" \JJ\MN‘\N\/\,’\/\/\_
- WNWW
-200-
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Test 9 — Three-phase symmetrical fault (U/U, = 0): Voltage, active power and reactive current of the
positive and negative sequence system, P = 100%Pn, All phase fault, Trauit

£

— POS_pu: F_EMS pos_pu

— POS_pu: U_EMS_pos_pu

F0S_pu: To RMS_pos_pu

%
0.8 B ME : POS_pu: P_RMS_pos_pu 2
0T W = 4.0369 =
o = 41769 s
0.6 & = 01400 s
os vl [POS_pu: U_BMS pos_pu - = 0.0156 %
0.4
v [POS_pu: U_BNS_pos_yu - = 0.0104 %
0.3
- == -0.0082 %
0z Wl
0.1 o % 0 0. 008 =
* - - L
* ~ *
0.9823 1
0.8
0. 3987
0.6 *
0.4
0z
0.0
40974
4 784 5 4 4
oz # ’ »
. . | . . \ : : . . . . . . . .
4.00 408 410 415 420 478 4.30 4.35 4.40 445 4.50 4.55 4.80 4.85 470 475

Test 9 — Three-phase symmetrical fault (U/U, = 0): Phase current and voltage of the whole failure
P = 100%Pn, All phase fault, wave of the whole failure

—un —1I

v’ o—1I2 ——m ——1I3

LA LR
AR

AMAMMANRAARAL

N RE:n

=l =

=

& =

O b
yr -yl x| =

4.0221

s

4.1791 s
0.1570 s

-1.836
6.238
T.875

s s NIV

| | | | | | 1 1 | | ! ! ' | |
a.20 4.75 4.30 4.35 4.40 4.45 4.50 4.55 4.80 4.85 4.7 4.75 4.80 4.85 4.80
=
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Test 10 — One-phase asymmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P =0, L1 phase fault, Ttauit

M WRE EE AW

—— ULpu Ua BS_pu

FEm

SHAAH =SB Q-

UL_pu: Ub_RUE_pu

=
k2 :
UL_pu: Ue_RMS_pu b =

¥l |VI_pu: Us EMS pu -~ =

£
0.8-
0.8-

vr [VI_pui Us ENS_pu =l

3.B648 s
4.0845 s
0.3997 s
0.0986 %

0.0970 %

[=-n

-1.6889E-3 %

0.7-
0.6
0.5-
0.4-
0.3-
0.2-

0.8-
0.8-
0.7-
0.8~
0.5-
0.4-
0.3-
0.2-
0.1-
10°-3 %
900~
800~
700~
BO0-
s00-
400-
300-
200-

P =0, L1 phase fault, wave of the whole failure

Test 10 — One-phase asymmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure

It RE ES OEA B
S S A[EH aSn ¢RR-

—m — i}

k 2

800~

3.6483 s
4.0867 s
0.4184 s
-53.048
-30.024

23.024

~B00-

an0-

200~

-z00-

-400-

-B00-
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Test 11 — One-phase asymmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P = 20%Pn, L1 phase fault, Traurt

SH aAE#H BSER| &RE- N

— POS_pu: P_RMS_pospn  —— FOS_pu: U_RMS pos pu FOS_pu: Tq BMS_pos_pu

10°-3 %

FEG_pu: U_RME nezpu - FEG_pu: Iq BMS_neg pu

200-
150- 200.337 107-2 &
o2 =
100~
50-
%
0.8-
0.6-
@7 ME : POS_pu: P_RMS_pos_pu =
o4 4.1708 =
0z 4.573 =
10°-3 % - - - 0. 4028 =
00 5069231 10°-3 % 502.286 10°-3 yl POS_pu: U_RMS_pos_pu ~| = 06988 %
o3 a0ms POS_pu: U_RUS, -] = 0.7035 %
e I - _put _pos_pu
v = 0.0047 &
200- o - ¥l
100~
o=
10°-3 % * D
299,545 ,:/‘—3 % 297.729 10°-3 %
200- 297.299 10°-3 %
100~
10°-3 % =
3 10°-3
' . . . . . . . . .
4.30 4.35 4.40 4.45 4.50 4.55 480 4.85 4.70 4.75

Test 11 — One-phase asymmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure
P = 20%Pn, L1 phase fault, wave of the whole failure

SH A a8 O&E- & [z

‘—m — 1 T’ —Iz2 — U3 — I3

“AAAAAAA AN /\/\f\/\/\/\/\M/\/\
NU\/\/UWU VYV VTV
A E e
ENVAAAAANAN s AN
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Test 12— One-phase asymmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P = 100%Pn, L1 phase fault, Trauit

—— POS_pu: P_WIS_pos_pu  —— POS_pu: U_RMS_pos_pu

FO5_pu: Lo RHS_pos_pu HEG_pu: W_EMS_negpu  —— KEG_pu. Iq RHS_meg_pu
0.4 B ME : POS_pu: P_RMS_pos_pu
1 37221 s
0.z = 4.1203 =
10°-3 % s & = 03882 =
400 9 W1 [F0Spu: URMS pospu v = 0.6365 %
300 198,384 10"~ 3w v [POS_pui U_RMS pos_pu -] = 0.7014 %
200 e -] = 0.0049 %
100
-
1073 % ~
299 33% 103 o8 s
200- 298.p29 10°-3 %
100-
JL I —
- e
191
200
400 S
. \ \ . . . . . . \ . . . .
3.8 .70 .75 415 4.70 4.75 4.30 4.35 440 448 4.50 458 480 485

Test 12 — One-phase asymmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure
P =100%Pn, L1 phase fault, wave of the whole failure

I

e EE BM Ao

SH &A% &5 ORE-

Iy 1z

—u — 1

AL

s00-
o-

o —I2 —— W\ — I3

AL

W JE: Ul

=1

=

e =
T
w1 -] =

o

WYY

[w’yl

37047 =
41206 =
0.4159 =

6. 845

~61.844
54,998

- =
TVVTTVyvvVUTTY

Tvvvy

v &l

!
4.50 4

!
55

!
4.80
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Test 13 — Two-phase asymmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P =0, L2, L3 phase fault, Trauit

—— UI_pu: Ua_BMS_pu

UT_pu: Ub_RNS_pu UT_pu: Ve BMS_pu

#
0.9-
0.8-
0.7-
0.6
0.5-
0.4-
0.3-

0.8-
0.8-
0.7-
0.6~
0.5-
0.4-
0.3-
0.2-

W7 JE : ULpu: Ua_RMS_pu

=
=
b =
¥l |VL_pu: Ub_RMS_pu ~| =
¥ |VL_pui Ub_RMS_pu ~| =

[ -n -] =

4.0198 s
4.4191 s
0.3993 s
0.0929 %
0.0972 %

0.0042 %

0.1-
10°-3 % -
a00-
a00-
To0-
600~
500~
400-
300-
200~

—_

Test 13 — Two-phase asymmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure
P =0, L2, L3 phase fault, wave of the whole failure

—u —mw I
600~ 3 T T Y N Y O T Y Y
- i JE Ul =

K = 4.0025 5
200- = 44203 s
& = 0.4180 =
0- e = 54.354
-z00- (12 -] = 61,205
- = 8 852
400~
s20- U
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Test 14 — Two-phase asymmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P = 20%Pn, L2, L3 phase fault, Ttauit

—— P0S_pu P_RNS_pospu  —— FOS_pu ULEMS pos_pu

FO5_pu: Iq BMS_pos_yu WEG pu: UEMS megpu  —— MEG_pu Iq BMS megpu

10°-3 %

200-
150~
100~
50-
%
0.8-
0&= . R . 57 @IE : POS_pu: P_RMS_pos_pu =
0.4~ £ £ A = 2.0 =
o = 31382 s
tas & = 03981 =
10°-3 % ~ -
465 483 :ka ¥l |POS_pu: U_EMS_pos_pu v| = 0.3722 %
s ER
400- 587. 867 10°-3 % ¥r |EOS_pu: U_RMS pos_pu | = 0.3761 %
-yl - = 0.0038 %
200-
10°-3 % - - —
a00- 355,567 gy TLRET 357
200-
100~
10°-3 %
gz FIFHESAHTEINO0)

.
3.20| ., % Mass Storage

Test 14 — Two-phase asymmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure
P =20%Pn, L2, L3 phase fault, wave of the whole failure

— -— = U —_ — —_—
WE EE WA
W WE EE WA A — —
=& @Q(ﬂi =S8 OER- Iy |2 = 3.1411 =
—w —1n w 12 -’ I3 = = 04155 x g
.| = 25,148
0=
- W\/\/\/\/\/\/\/\/\/\/\N\/\/\
s00-
0=
-500-
0= NN, \w
200
s00-
- N N N N N N N N N N N P NS
-500-
2007\/\/\/\,J (\/\,—-M/\/‘u‘\f'\
=
. . . , , . . . . , \ . . .
285 2.0 275 2.80 285 2 235 300 305 310 315 320 325 3.30
_ s
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Test 15 — Two-phase asymmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P = 100%Pn, L2, L3 phase fault, Ttauit

|~ POS pu PRI pos e —— FOS pui URIS pospu E0S_pu: Ta BMS_pos_pu ¥EG pu: URNS negpu  —— NEG_pu: Ia BMS me pu
8 : B
0.8- : 1.0081 %
0.6- L
0.4-
0.2-
a E—
0.8-
0.5 i1 JIE : POS_pu: P_RMS_pos_pu =
e P T T
A ~ = 4.8040 =
f.8o 0.3730 & & = 0.3389 5
10°-3 % _ S vl [POS_pu: V_RME_pos_pu . = 03717 %
s88. 843 ,:\—a % v [POS_pu: V_RHS_pos_pu v = 0.3734 %
400- . 92135 1072 % w - -] = 1.6T34E-3 %
222.087 10-3 %
»
200-
103 % : % 3 -
300- 355.315,10°-3 % 5 75103 %
200~
100-
1073 %
485 470 475 4.80 4.85 4.90 495 5.00 5.05 5.10 5.15 s5.20 5.25 530 535

Test 15 — Two-phase asymmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure
P =100%Pn, L2, L3 phase fault, wave of the whole failure

i EE RE &R N SETHT = ]
=& QQ(H = E B OER- k =z Xl = 4.3912 =
—u —u [T T — ) = 48012 =
dx = 0.4100 =
0- r-w <= -126. 419
-0 VTV VYTV Ty TV TvvvTY
100-
=
-100-
—z00-
500-
o=
-500-
20n-
o=
—z00-
500-
o- AT AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA VAV
-500-
200~
N AAAAAN
—z00-
&y TIFHESHETE0)
4B5 480 485 440 445 450 455 480 485 470 475 480 b0 . 3 Mass Storage
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Test 16 — Three-phase symmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P = 0, All phase fault, Trauit

i e e

i RE EE G A Al = 43751 =
EH A eS| QRR- I = b = 4.7631 s

& = 0.3578
UT_pn: Ub_RMS_pu UT_pu: Ve RMS_pu =

¥l [UI_pu: Va_RMS_pu v = 0.0945 %
0 s yr [UD_pu: Vs EMS_pu -] = 0.0835 %

[r-n - = -1.0217E-3 %

—— UT_pu: Ua BMS_pu

%

0.8-

0.7~
0.6-
0.5-
0.4-
0.3-
0.2-

0.9-
0.8-
0.7~
0.6
0.5-
0.4-
0.3-
0.2-

0.9-
0.8-
0.7-
0.8-
0.5-
0.4-
0.3-
0.z-

Test 16 — Three-phase symmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure,
P =0, All phase fault, wave of the whole failure

T R EE AW M A = 4.3965 =
Sl aAHE &Sk O - k2 - LTE <
—m —® 3 L T — 62, 809 A
500 T -38.241
400- r-s - - -101.051
200 -
0- NL NS S 5N
200
-400
—600 -
B00 -
400 -
200-
o NANAANANANANANNNANNANNANANANANAN
-200-
400 —
-600-
B00 -
400 -
200 -
=
-200-
-400-
-600-
4.15 4.20 4.25 4.30 4.35 440 4.45 4.50 4‘55 4 B0 4.85 4.70 4.75 4.80 4.85 4.90
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Test 17 — Three-phase symmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P = 20%Pn, All phase fault, Ttauit

— FOS_pu: F_RNS_pos pu

10°-3 %
200~

1s0- " T L

100-

— POS_pu: U_EMS_pos_pu

FOS_pu: Tq BMS_pos_pu

B JUE : POS_pu: P_RMS_pos_pu

==

=

e =

=

¥l [POS_pu: U_RMS_pos_pu - =

vr |POS_pu: U_RMS_pos_pu - =
¥ ¥l =

28735 s
3.0721 s
0.3936 s
0.0885 %
01031 %
0.0145 %

Test 17 — Three-phase symmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure,
P = 20%Pn, All phase fault, wave of the whole failure

i WiE BE SR Wl = 2.8562 =
S A &SR &R k [z E = e
S I
-yl S 38803
o
) |
-500-
200-
ofﬁmfw‘\‘
-200-
500-
o
=500~
200-
o= [\/—LW\J\M/\/\/\,
200
500
o NN AN N N D N N P N N N D N P N
-S00
200
-200-
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Test 18 — Three-phase symmetrical fault (U/U, = 0.1): Voltage, active power and reactive current of
the positive and negative sequence system, P = 100%Pn, All phase fault, Ttauit

—— POS5_pu: PMS pos_pu  —— POS_pu! U_RMS_pos_pu FOS_pu: Iq RIS pos_pu

%

7 MIE ; POS_pu: P_RMS_pos_pu

Kl =

o =
&=

vl [POS_pu: U_RNS_pas_pu ~| =
vr [POS_pu: U_RMS_pas_pu ¥ =
¥t~ ¥l ~|=

4.340 5
4.738 5
0.398 =
0.0920 %
0.0970 %
0.0049 %

' ' i
az 48 a7

—

'
4.9

@«
g

'
5.2

Test 18 — Three-phase symmetrical fault (U/U, = 0.1): Phase current and voltage of the whole failure,

P = 100%Pn, All phase fault, wave of the whole failure

iE W WE ER B
SH A% &5 O - L2

—um —1 o o——I2 —— W@ —— I3

AL

TV

w1 ik UL b9

%1 = 4.3208 =

xr = 4.7402 5

dx = 0.4193 5
e - -4 416

TVvTvyyTy

[NARRARARN

J
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Test 19 — One-phase asymmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P =0, L1 phase fault, Ttauit

—— WT_pu: Ua BNS_pu

UL_pu: Ub_BMS_pu UI_pu: Ue_EMS_pu

*
0.8-
0.8~
0.7-
0.8-
os-+—
0.4-

0.3-

0.9-
0.8-

7 S : ULpu: Ua

_RMS_pu

1 =
0.7- i
06— & =

0.5- A (Tpn Va5 e <] =
= yr [MI_pu: Ua EMS_pu -] =

oy -] =
0.3- w ¥

1.05T2E-3 %

3.TIS 5
5.016 5
1.361 =
0.4936 &
0.4946 ¥

0.2-
10°-3 % B
00~
600~
T00-
800~
B
400~
300~
200~
100~

' ' ' ' ' ' ' i ' '
3.8 3T 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5

P =0, L1 phase fault, wave of the whole failure

Test 19 — One-phase asymmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure

00~

an0-

200~

-Z00-

-4n0-

~600-

BO0O-
400-
200-
=
-200-
400~
-800- 1

Ty i
S i
=il i

AER AL ARG L] !
=
3,703
5.073
1.370
ylLll - = -322. 177
Y‘l’Ul -: 320.509
yryl .| = B4Z. 636
L

' ' ' ' ' '
4.7 4.8 4.9 5.0 51 5.2
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Test 20 — One-phase asymmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P = 20%Pn, L1 phase fault, Traurt

—— POS_pu: F_EMS_pos_pu

FOS_pu: U_RNS_pos_pu

E0S_pu: To BMS_pos pn —— NEG pu: U RMS negpn — HEG_pu Ig RMS negpu

10°3 % gpp-

150-

10°-3 %

10°-3 %

wes

-100-
-200-

-300~

"7 IE : POS_pu: P_RMS_pos_pu P
xl = 3.548 5
xr = 5.009 s
e = 1.380 s
¥l [POS_pu: U_RNS_pos_pu - = 0.8300 %
vr [POS_pm: U_RNS_pos_pu | =
yr -l x| =

0.8314 %
1. 3028E-3 %

' '
5.1 5.2

P = 20%Pn, L1 phase fault, wave of the whole failure

Test 20 — One-phase asymmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure

T OWE mE AR i - S5
SHAdE# 258 ORF- k(2 S 5005«
—un — 11 vZ o — 2 —— s —— I3 A b - 320, 224
ST S —
[m-mn ¥ = 638. 150

LA AR A wrrererrerrrerrremses

AN

-500-

Lon-

-100-

S00-

-100-

AL
- WWAAM

'
4.5

'
46
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Test 21 — One-phase asymmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P = 100%Pn, L1 phase fault, Trauit

[ FO0Spu PG pospn  —— FOS pu UG pas pu POS_pu: Iq BMS pospu  — HEG.pu UBNS negpn — FEG_pu: Lq RNS neg pu

—

Test 21 — One-phase asymmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure
P =100%Pn, L1 phase fault, wave of the whole failure

i R EE AR A
SE A 5Sm ORR- k @
i}

—m — 11 o — —m\ —

O

NN

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
4.3 4.4 4.5 4.8 4.7 4.8 4.3 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6.0 B.1 B.2
s

d =

[—

¥l |uL
¥ | UL - = 320. 408
[r-m - = £49, 637

L

! | Lo ' L '
m ro G o b L = h LI ro
=] 8 g 285 g8 2 2 8 g8 2
2 = 28 = 288-8288 = 2 8 -} 2 8 -}
T I T T T 11 I T T T T
s
ol
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Test 22 — Two-phase asymmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P =0, L2, L3 phase fault, Trauit

—— ULpu: Ua BMSpn  —— UI_pu: Ub_RMS pu \T_pu: Uz BMS_pu

—

Test 22 — Two-phase asymmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure
P =0, L2, L3 phase fault, wave of the whole failure

Pidadhadbalid st inqbat bayiqptbin
B @ Ul ==
x1 = 4.335 =

dx
yr - ¥l -

fffff

s [T UL

eI i

i
i§§§§‘VWWWUUW NI

fffff

———

fffff
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Test 23 — Two-phase asymmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P = 20%Pn, L2, L3 phase fault, Ttauit

HEG pu. U_EMS neg pu —— HEG_pu. Iq BMS neg pu

—— P0S_pw F_RMS pospm  —— FOS pn: U_EMS pos_pu F0S_pu: Iq BMS pos_pu
10-3% o0

150-

100- |-

50—

% 10—
0.8-
0.8-
0.4-
0.2-

10°-3 %
500-
400~
300~
200—| 231 422 1073
100~

200-

10°-3 % aep_ e . z? \\
R 7 U : POS_pu: P_RMS_pos_pu =

150- T
T2.746 10773 % xl = 4.361 s

100- xr = 5.719 =
co- & = 1.358 s

_ ¥1 [POS_pu: U_EMS_pes_pu - = 0.64268 %
o vr |FOS_pn: U_BMS pos_pu | = 0.6443 %
-yl - = 1.4952E-3 ¥

w-3%

-100-

-z00-
—300- —453. 768 107~

—400- 4.3827 =

Test 23 — Two-phase asymmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure
P =20%Pn, L2, L3 phase fault, wave of the whole failure

T B EE EE G —— .
WA 88 ©HE- k@ o 5716 =
—u —o "” —112 —— 1\ —— I3 e = 1.571 5
v : AT
- - s ke
== ¥ = £30. 605
o
NIRRT
.
500j
o
S00—
100-
o- MAAAMAA
00—
200-
S00-
o
S00-
200—
200~ RN
4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 5'1 5.2 5.3 5.4 5.5 5‘5 5‘7 5'3 5.'9 6.'0
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Test 24 — Two-phase asymmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P = 100%Pn, L2, L3 phase fault, Ttauit

—— FOS_pu: P_MS pospu —— POS_pu U RHS_pos_pu POS_pu: Lo RS _pos_pu WEG_pu: U_BMS negpu  —— FEG_pu Iq EMS_megpu

800-

10°-3 % - =
" 1073 =

6. 323 1073 .4|

600~ 431.538
400~

200~ 37.7

0.8- 0.6435 %| 0.6436 %

0.6~ -
0.4-

0.2-
10°-3 % R

200~

200-

10°-3 % _ N
250 ﬁ‘;“;&\a;; 0'-3 % 272.940 1073 %
200- :

i ZZERASE 1 lIE : POS_pu: P_RMS_pos_pu =

100~ W = 4198 =
_ Hr = 4.316 s
0 & = 0.120 =

10°-3 % - ¥l [BOS_pu: U_EMS_pos_pu -] = 0.8411 %
v [BOS_pu: U_EMS_pos_pu -] = 0.8459 %
-yl - = 0.0048 %

Test 24 — Two-phase asymmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure
P =100%Pn, L2, L3 phase fault, wave of the whole failure

— — — — — B7WE UL ——]

= 1 = 4198 =
==} @‘lﬁﬁi el ORE- [z e = 5557 =
—w —u w —12 — 1B — I3 & = 1371 =
A (12 B 310,304

500~ Uz = -321. 864

E]
'
A
LN ERIE]
1

-632. 168
a-

-500-

200~
100~
a-
-100-
-200-
500~

-500-
200~
a-
-200-

s00-

-500-

. WW\MWAW\WUW
o
-z00-
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Test 25 — Three-phase symmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P = 0, All phase fault, Trauit

Wit R EE AR P a7 fIE : ULpu: Ua_ RMS_pu

===

EHaAHs 2SR QAR

UT_pu: Ub_BMS_pu

2 k1 =
hr =

—— UT_pu: Ua BNS_pu WI_pu: Ue_BMS_pu

=

%

0.8-

1 [V _pw: va EMS g v =
@.8= v [VI_pu: Va RMS_pu ~| =

Iyr’yl 'J:

4068 =
5.430 s =
1.362 =
0.4833 %
0.4952 %

-0.0031 %

0.7-

0.6-
0.5-
0.4-

0.3-
0.2-
0.8-
0.8-
0.7-
0.6-
0.5- —

0.4-
0.3-
0.2-
0.9-
0.8-
0.7-
0.6-
0.5-
0.4-
0.3-
0.2-

P =0, All phase fault, wave of the whole failure

Test 25 — Three-phase symmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure,

N MMM . — - L
Bl M
il 111) I
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Test 26 — Three-phase symmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P = 20%Pn, All phase fault, Ttauit

X e EBH OEW W
SHIAZA | 2S80 QRE-

&

7

7 I : POS_pu: P_RMS_pos_pu

5T

Kl

—— FOS_pu: F_EMS pos_pu

-3 %
200-

—— FOS_pu: U_ENS pos_pu

0.4952 %

e
FOS_pu: Ig EMS pos_pu dx

vl [POS_pui U_RHS_pos_gu ==
vr [POS_pui U_RMS_pos_pu -] =
w- Al ==

4.735 s
£.093 =
1,358 =
0.4904 % r

0.4855 %
0.0052 % ‘r:_.’ 27 10"~
x

i
Ed
o5

'
5.0

' '
5.4 5.5

i
ST

Test 26 — Three-phase symmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure,
P = 20%Pn, All phase fault, wave of the whole failure

i MR ORE AW R

SH A A|E aSh O -

Iy (2

xr =
& =

—um — 11

w o o—I2 —— W —— I3

yro | UL

(ol (T

4

|

- DAL ANR

'
4.9

g

[yr’yl

4

4718 s

B.085 5

1,368 =
-320. 804

318. 708

AR

837,312

' ' ' i ' '
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Test 27 — Three-phase symmetrical fault (U/U, = 0.5): Voltage, active power and reactive current of
the positive and negative sequence system, P = 100%Pn, All phase fault, Ttauit

iE R EIE OBRE R
SHadE# a5k ©RR- N

—— P05 pu: P_EMS pos_pu — POS_pu: V_BMS pes_pu

W7 Al : POS_pu: P_RMS_pos_pu &

Test 27 — Three-phase symmetrical fault (U/U, = 0.5): Phase current and voltage of the whole failure,
P = 100%Pn, All phase fault, wave of the whole failure
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Test 28 — One-phase asymmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of
the positive and negative sequence system, P =0, L1 phase fault, Ttauit

—— UT_pu: Ve BMS_pu UT_pu! Ub_ENS_pu WL_pu: Ue_RiS_pu
)

0.8~

0.8-
0.7-
0.6~
0.5-
0.4~
0.3-

0.2-

0.8-
0.8-
0.7- = 4.260 =

= 5,460 =
0.6- & = 2.900 =

o ¥l |UL_pu: Va EMS_pu ~| = 0.8447 %
o v [ULpu: Va RHS pu -] = 0.8458 %
0.3-

yr -7l -] = 1.1052E-3 %

0.z-
01-

7 HiE : UL pu: Ua_RMS_pu 3

10°-3 %
900~
a00-
00~
800~
s00-
400~
300~
200~

' ' i ' ' i ' ' ' ' ' i ' ' ' i ' ' ' i ' ' i ' '
4.z 4.3 4.4 4.5 4.8 a7 4.8 a8 5.0 5.1 5.2 5.3 5.4 5.5 5.8 5.7 5.8 5.9 6.0 B.1 5.2 B.3 6.4 6.5 6.8

Test 28 — One-phase asymmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
failure, P =0, L1 phase fault, wave of the whole failure
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the positive and negative sequence system, P = 20%Pn, L1 phase fault, Trault

Test 29 — One-phase asymmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of

—— POS_pu: P_EMS pes_pu — POS_pu: U_RMS pos_pu
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failure, P = 20%Pn, L1 phase fault, wave of the whole failure

Test 29 — One-phase asymmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
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Test 30 — One-phase asymmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of
the positive and negative sequence system, P = 100%Pn, L1 phase fault, Trauit
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Test 30 — One-phase asymmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
failure, P = 100%Pn, L1 phase fault, wave of the whole failure
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Test 31 — Two-phase asymmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of
the positive and negative sequence system, P =0, L2, L3 phase fault, Trauit
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Test 31 — Two-phase asymmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
failure, P =0, L2, L3 phase fault, wave of the whole failure
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Test 32 — Two-phase asymmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of
the positive and negative sequence system, P = 20%Pn, L2, L3 phase fault, Trauit
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failure, P = 20%Pn, L2, L3 phase fault, wave of the whole failure

Test 32 — Two-phase asymmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
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Test 33 — Two-phase asymmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of
the positive and negative sequence system, P = 100%Pn, L2, L3 phase fault, Ttauit
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Test 33 — Two-phase asymmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
failure, P = 100%Pn, L2, L3 phase fault, wave of the whole failure
XMt RE EE AR A W UL ]
SH aQZEE aSal ©E- e 22 B
—n — 11 woo—Iz 13 — I3 dx = 2.209 =
S00-
- s . s0a
o -yl v = 1. 0226E+3
. O T O N LIS
200-
1no-
o
-100-
-z00-
s00
o
=500~
200
o
-z00-
500-
.
=500~
200-
1o-
o
-100-
200
QIE\ QIB SIEI 5‘2 5'4 E‘E E‘E E‘EI E‘Z 5‘4 E‘E E\‘E TIEI ’T‘Z TIQ

TRF No. G99/1-8_V1.0



Page 177 of 192

Report No.: 6138292.50V1.1

G99/1-8

Clause

Requirement - Test

Result - Remark Verdict

Test 34 — Three-phase symmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of
the positive and negative sequence system, P = 0, All phase fault, Trauit
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Test 34 — Three-phase symmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
failure, P = 0, All phase fault, wave of the whole failure
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Test 35 — Three-phase symmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of
the positive sequence system, P = 20%Pn, All phase fault, Trauit
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failure, P = 20%Pn, All phase fault, wave of the whole failure

Test 35 — Three-phase symmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
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Test 36 — Three-phase symmetrical fault (U/U, = 0.85): Voltage, active power and reactive current of
the positive sequence system, P = 100%Pn, All phase fault, Trauit
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Test 36 — Three-phase symmetrical fault (U/U, = 0.85): Phase current and voltage of the whole
failure, P = 100%Pn, All phase fault, wave of the whole failure
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13.5.4, TABLE: Reactive Power capability requirements — Versus Voltage (For Type =
13.5.5 C and Type D)
Model: SG250HX
Inductive supply reactive power
Rating voltage | Active power Reactive Power | Q/Pn Power factor Voltage
[%] [kW] [kvar] [%] [cos @] V]
100% 198.480 151.069 67.14 0.801 804.4
99% 198.075 150.953 67.09 0.800 796.3
98% 190.239 150.771 67.01 0.796 788.4
97% 191.946 150.803 67.02 0.791 780.4
96% 188.906 150.563 66.92 0.786 772.5
95% 185.732 150.330 66.81 0.781 764.5
94% 182.388 150.327 66.81 0.775 756.6
93% 179.013 150.236 66.77 0.769 748.5
92% 175.869 149.911 66.63 0.764 740.5
91% 172.321 150.044 66.69 0.757 732.6
90% 169.112 149.818 66.59 0.748 724.6
87.5% 160.807 149.675 66.52 0.734 704.7
100% 198.480 151.069 67.14 0.801 804.4
101% 198.623 151.029 67.12 0.801 812.4
102% 198.470 151.255 67.22 0.800 820.3
103% 200.965 152.914 67.96 0.798 821.8
104% 198.510 151.285 67.24 0.801 836.2
105% 194.540 151.318 67.25 0.794 844.2
106% 196.015 151.176 67.19 0.797 852.3
107% 198.614 151.311 67.25 0.801 860.2
108% 226.694 89.857 39.94 0.926 864.8
109% 226.289 89.635 39.84 0.926 872.9
110% 225.807 89.332 39.70 0.926 880.7
Capacitive supply reactive power
Rating voltage | Active power Reactive Power | Q/Pn Power factor Voltage
[%] (kW] [kvar] [%] [cos @] V]
100% 195.997 -152.584 67.82 0.791 797.8
99% 193.218 -152.354 67.71 0.787 789.6
98% 190.034 -152.321 67.70 0.782 781.6
97% 186.766 -152.277 67.68 0.777 773.6
96% 183.467 -152.179 67.64 0.771 765.6
95% 180.208 -151.990 67.55 0.766 757.5
94% 176.761 -152.002 67.56 0.759 749.5
93% 173.253 -151.919 67.52 0.753 741.3
92% 169.891 -151.837 67.48 0.747 733.3
91% 166.447 -151.841 67.48 0.740 725.3
90% 163.623 -151.556 67.36 0.731 717.6
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87.5% 154.624 -151.792 67.46 0.714 697.1
100% 195.997 -152.584 67.82 0.791 797.8
101% 199.384 -152.799 67.91 0.796 805.8
102% 201.134 -152.724 67.88 0.799 813.8
103% 200.996 -152.867 67.94 0.798 821.8
104% 201.064 -152.860 67.94 0.798 829.8
105% 201.148 -152.751 67.89 0.799 837.8
106% 196.677 -152.769 67.90 0.792 846.0
107% 201.002 -152.912 67.96 0.798 854.0
108% 226.598 -91.824 40.81 0.925 864.5
109% 226.136 -91.534 40.68 0.925 872.6
110% 225.883 -91.365 40.61 0.925 880.4

Note:
The PV inverter maximum reactive power set point Q more than 33%Pn.

Connection Point
Voltage (p.u)

a

1.100

0.225

- -
-0.95 1.00 0.95 Power Factor
Consumption {lead) Production (lag)

Figure 13.11 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage above 33 kV)

Connection Point
Voltage (p.u)
s

1.05

100 |

e
-

+ >
095 1.00 0.95 Power Factor

Qmin Consumption Production Qmax
(lead) (lag)

Figure 13.12 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage at or below 33 kV)
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TABLE: Reactive Power capability requirements — Q setpoint mode (For
13.5.6 Type C and Type D) P
Model: SG250HX
Inductive supply reactive power
Rating power Active power Reactive Power | Q/Pn Power factor Voltage
[%] [kW] [kvar] [%] [cos @] V]
10% 21.960 148.187 65.86 0.147 800.4
20% 44.497 147.923 65.74 0.288 800.5
30% 67.033 147.789 65.68 0.413 800.5
40% 89.581 147.799 65.69 0.519 800.5
50% 111.989 147.947 65.75 0.605 800.6
60% 133.146 148.171 65.85 0.670 800.7
70% 155.586 148.608 66.05 0.725 800.7
80% 177.912 148.988 66.22 0.770 800.8
90% 203.130 140.284 62.35 0.829 800.8
100% 224.063 96.783 43.01 0.914 800.8
Capacitive supply reactive power
Rating power Active power Reactive Power | Q/Pn Power factor Voltage
[%] [kW] [kvar] [%] [cos @] V]
10% 23.410 -147.756 65.67 0.157 799.9
20% 45.665 -147.872 65.72 0.295 799.9
30% 68.126 -148.114 65.83 0.418 800.0
40% 90.612 -148.283 65.90 0.522 800.0
50% 113.050 -148.516 66.01 0.606 800.1
60% 135.544 -148.838 66.15 0.674 800.2
70% 157.969 -149.057 66.25 0.728 800.2
80% 180.104 -149.519 66.45 0.771 800.3
90% 202.295 -140.281 62.35 0.825 800.3
100% 224,197 -08.751 43.89 0.913 800.5
Note:

The PV inverter maximum reactive power set point Q more than 33%Pn.
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13.5 TABLE: Voltage Control and Reactive power Stability =
C.7.4 (For Type C and Type D)

Model: SG250HX

Inductive supply reactive power(100%Pn)

Connection Poirt
“altage

:
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9500 = Weat < 10504

Slope

Thisisthe
percentage change
inVoltage ba==d on
narminal  that result=

in achange of
readiwe povwer from
Oto Qmin or Oto
Glr=x

Gimin 0
Readive capability
correspondi ng to 0,95
leading Poweer Fador at
Registerad Capacity

Gmax

Reactive capability
corresponding to 0.95
lagging Poveer Factor at
Registered Capacity

Figure C.5.1 Setpoint Voltage and Slope Characteristic

Rating Voltage | Active power Reactive Power | Q/Pn Power factor Voltage
[%] (kW] [kvar] [%] [cos 9] [V]
100% 225.763 -0.326 0 1.000 800.8
(1) 95% 224.915 70.099 31.11 0.953 760.5
(iii) 93% 218.747 72.725 32.32 0.947 744.4
Capacitive supply reactive power(100%Pn)

Rating Voltage | Active power Reactive Power | Q/Pn Power factor Voltage
[%] [kW] [kVar] [%] [cos 9] [V]
100% 225.674 -0.272 0 1.000 800.8
(i) 105% 222.117 -74.184 32.97 0.947 840.9
(iv)107% 219.491 -74.174 32.97 0.946 856.8
Note:

For step injection into the Power Park Module voltage Setpoint, steps of £1% and £2% (or larger if
required by the DNO) shall be applied to the voltage control system Setpoint summing junction. The
injection shall be maintained for 10 s as per Figure C.9.2.
The PV inverter maximum reactive power set point Q = 33%Pn.
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13.5 ) ; .
Cc93 TABLE: Reactive power output capability (For Type C and Type D) P
Model: SG250HX
Power level Active power Reactive Power | Q/Pn Power factor Duration
[%] [kW] [kVar] [%] [cos @] [mins]
i.60% 132.535 150.187 66.75 0.663 30
ii.60% 136.242 -149.485 66.44 0.674 30
ii.50% 111.102 149.757 66.56 0.596 30
iv.50% 112.838 -149.468 66.43 0.603 30
v.20% 46.414 -149.165 66.30 0.297 60
vi.20% 43.658 149.493 66.44 0.280 60
Vii.<20% 20.261 149.719 66.54 0.134 5
Viii.0% 5.483 -149.043 66.24 0.037 5
ix.0% 1.878 149.743 66.55 0.013 5
Note:

(i) Operation in excess of 60% Registered capacity and maximum continuous lagging Reactive Power for
30 minutes.

(ii) Operation in excess of 60% Registered capacity and maximum continuous leading Reactive Power
for 30 minutes.

(iii) Operation at 50% Registered capacity and maximum continuous leading Reactive Power for 30
minutes.

(iv)Operation at 50% Registered capacity and maximum continuous lagging Reactive Power for 30
minutes.

(v) Operation at 20% Registered capacity and maximum continuous leading Reactive Power for 60
minutes.

(vi) Operation at 20% Registered capacity and maximum continuous lagging Reactive Power for 60
minutes.

(vii) Operation at less than 20% Registered capacity and unity Power Factor for 5 minutes. This test only
applies to systems which do not offer voltage control below 20% of Registered capacity.

(viii) Operation at the lower of the Minimum Generation or 0% Registered capacity and maximum
continuous leading Reactive Power for 5 minutes. This test only applies to systems which offer voltage
control below 20% and hence establishes actual capability rather than required capability.

(ix) Operation at the lower of the Minimum Generation or 0% Registered capacity and maximum
continuous lagging Reactive Power for 5 minutes. This test only applies to systems which offer voltage
control below 20% and hence establishes actual capability rather than required capability.
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TABLE: Voltage and Frequency Controller Model Verification and Validation
(For Type C and Type D)

Model: SG250HX
Test (80%Pn)

C.7.8.2

Frequency Active power Reactive Power | Q/Pn Power factor Time
[HZ] (kW] [kVar] [%] [cos ¢] [s]
50.0 179.899 0.986 0.44 0.999 10
50.0->49.5 179.894 0.930 0.41 0.999 10
49.5 179.893 0.888 0.39 0.999 20
49.5->49.8 179.899 0.914 0.41 0.999 30
49.8 179.912 0.940 0.42 0.999 60
49.8->50.0 179.906 0.956 0.42 0.999 10
Note:

Power Park Module operating at 80% of Registered Capacity.

(i) a ramped reduction in the measured system frequency of 0.5Hz in 10 s followed by

(i) 20 s of steady state with the measured system frequency depressed by 0.5Hz followed by

(iii) a ramped increase in measured system frequency of 0.3Hz over 30 s followed by

(iv) 60 s of steady state with the measured system frequency depressed by 0.2Hz as illustrated in Figure
C.7.4 below.

Frequency (Hz)

I
1
1
I
I
I
I
1
1
1
I
')
L
1
I

Time (seconds)

Figure C.7.4 Controller simulation
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TABLE: Voltage and Frequency Controller Model Verification and Validation
C.7.84 P
(For Type C and Type D)

Model: SG250HX

Test (100%Pn)

Rated Voltage | Active power Reactive Power | Q/Pn Power factor Voltage
[%] (kW] [kvar] [%] [cos 9] [V]
100% 225.871 1.764 0.78 0.999 800.7
102% 225.810 1.684 0.75 0.999 816.6
104% 225.739 1.608 0.71 0.999 832.5
106% 225.667 1.524 0.68 0.999 848.6
108% 225.335 1.441 0.64 0.999 864.5
110% 224.709 1.369 0.61 0.999 874.4
Note:

the Power Park Module operating at Registered Capacity and unity Power Factor at the Connection
Point to a 2% step increase in the voltage reference. The simulation study shall show the terminal voltage,
Active Power, Reactive Power and Power System Stabiliser output signal as appropriate.

10. Protection — Re-connection timer

Model: SG250HX

Test should prove that the reconnection sequence starts after a minimum delay of 20 s for restoration of
voltage and frequency to within the stage 1 settings of Table 10.1. Both the time delay setting and the
measured delay should be provided in this form; both should be greater than 20 s to pass. Confirmation
should be provided that the Power Generating Module does not reconnect at the voltage and frequency
settings below; a statement of “no reconnection” can be made.

Time delay Measured Checks on no reconnection when voltage or frequency is brought to
setting delay just outside stage 1 limits of Table 10.1.
At 1.16 pu At 0.78 pu
(266.2 V LV (180.0V LV
connection, connection,
60 s 60.8 s 127.6 V HV 85.8 V HV At 47.4 Hz At 52.1 Hz
connection connection
assuming 110 assuming 110
Vph-ph VT) V ph-ph VT)
Confirmation that the Power No No No No
Generating Module does not
re-connect. Reconnection Reconnection Reconnection Reconnection
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Fault level contribution: P

These tests shall be carried out in accordance with EREC G99 Annex A.7.1.5. Please complete each
entry, even if the contribution to the fault level is zero.

Model: SG250HX

For Inverter output

Time after fault Volts Amps
20ms 153.8V 20.8 A
100ms 53.7V 0.9A
250ms 321V 0.5A
500ms 195V 0.1A
Time to trip 0.05 In seconds

12.7/13.9 Self-Monitoring solid state switching: No specified test requirements. Refer to Annex A.7.1.7.

It has been verified that in the event of the solid state switching device failing to disconnect the N/A
Power Park Module, the voltage on the output side of the switching device is reduced to a
value below 50 volts within 0.5 s.

15.2 Wiring functional tests: If required by para 15.2.1.

Confirm that the relevant test schedule is attached (tests to be undertaken at time of N/A
commissioning)

11.1.3.1/12.1.3.1/ 13.1.3.1Logic interface (input port).

Confirm that an input port is provided and can be used to shut down the module. P

9.1.7 Cyber security

Confirm that the Power Generating Module has been designed to comply with cyber security P
requirements, as detailed in 9.1.7.

Additional comments.

Logic Interface:

The dry contact can be configured to control the inverter to normal or shutdown active power of output.
The DI terminal (logic interface) is provided that can be operated by an external switch or contactor. Users
can install by themselves. When the DI contact and GND contact are shorted by external controlled
switch, the inverter will cease to export active power within 5 seconds. The following figure shows the
typical application of local stop dry contact.

TRF No. G99/1-8_V1.0



Page 188 of 192 Report No.: 6138292.50V1.1
G99/1-8

Clause Requirement - Test Result - Remark Verdict

, I I Inverter interior
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DO terminal v I_‘ l s
L i s Dl terminal figure 5-9 Local Stop Contact

(Emergency stop dry contact)
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Enclosure Front View
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Enclosure Left Side View

Enclosure Right Side View
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Enclosure Top Side View
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Enclosure Bottom Side View
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Internal View

--- End of test report---
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