Einheitenzertifikat

Antragsteller: Huawei Technologies Co., Ltd.

Adresse: Administration Building, Headquarters of Huawei Technologies Co., Ltd., Bantian,
Longgang District, Shenzhen, 518129
P.R. China

Typ Erzeugungseinheit: Netzgebundener SUN2000-15-42KTL-M3 (Wechselrichterfamilie)
Photovoltaikwechselrichter | (Nihere Angaben zu weiteren zertifizierten EZE siehe Zertifikatsbeiblatt — 1)

Technische Daten: Max. Scheinleistung: 47,0 kVA
AC-Nennspannung: 400/480V, 3(N)~ + PE
Nennfrequenz: 50 Hz

Technische Daten Max. Wirkleistung Pemax / Max.

(ermittelt durch Messungen): | Wirkleistungs-Spitzenwert Peoo: (Nahere Angaben siehe Zertifikatsbeiblatt — 1 auf S.2)

Firmware Version: V100R001 oder héher

Software Version: V100R001 oder héher

Validiertes Einheitenmodell: | Modell-Datei: Huawei_21-0001_0_TR4_SUN2000-15-42KTL-M3_V1.zip
Identifikationsnummer (MD5): d3b4ceb528076b0b7802b399253f190c

Netzanschlussregel: VDE-AR-N 4110:2018-11 — Technische Regeln fiir den Anschluss von Kundenanlagen an
das Mittelspannungsnetz und deren Betrieb (TAR Mittelspannung) [1]

Mitgeltende Normen / Technische Richtlinien:

Richtlinien: FGW TR 3 Rev. 25 [3], FGW TR 4 Rev. 09 [4],FGW TR 8 Rev. 09 [5]

Die im Zertifikat aufgefiihrte Erzeugungseinheit wurde nach den, in der Netzanschlussregel referenzierten, technischen
Richtlinien geprift und zertifiziert. Die in der Netzanschlussregel geforderten elektrischen Eigenschaften werden erfiillt:

¢ Quasistationarer Betrieb
o Dynamische Netzstiitzung (Blindstromcharakteristik gemaf TAR Mittelspannung und TAR Hochspannung)
e  Wirkleistungsabgabe und Netzsicherheitsmanagement
e  Wirkleistungsanpassung in Abhangigkeit der Netzfrequenz
e  Schutztechnik und Schutzeinstellungen auf Einheitenebene
e  Netzrickwirkungen
Der Hersteller hat die Zertifizierung des Qualitdtsmanagementsystems seiner Fertigungsstatte nach ISO 9001 nachgewiesen.

Einschrankungen, Abweichungen oder Hinweise zur Anwendung: siehe Zertifikatsbeiblatt - 2 auf S.3.

Das Zertifikat beinhaltet folgende Angaben:
e technische Daten der Erzeugungseinheit, der eingesetzten Hilfseinrichtungen und der verwendeten Softwareversion;
e den schematischen Aufbau der Erzeugungseinheit;
e zusammengefasste Angaben zu den Eigenschaften der Erzeugungseinheit.

Das Zertifikat besteht aus 161 Seiten (inklusive Anhang von 158 Seitens). Seite 1 von 161
Projektnummer : 20THO373

Zertifikatsnummer : 21-0001_0 * Zertifizierungsprogramm : NSOP-0032-DEU-ZE-V01
Ausstellungsdatum : 2021-04-29 Gilltig bis 1 2026-04-28
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Typ Erzeugungseinheit:

Technische Daten:

Technische Daten

(ermittelt durch Messungen):

Typ Erzeugungseinheit:

Technische Daten:

Technische Daten

(ermittelt durch Messungen):

Typ Erzeugungseinheit:

Technische Daten:

Technische Daten

(ermittelt durch Messungen):

Firmware Version:
Software Version:

Note:

Zertifikatsbeiblatt — 1 (21-0001_0)

Netzgebundener SUN2000-15KTL-M3 SUN2000-17KTL-M3 SUN2000-20KTL-M3
Photovoltaikwechselrichter

Nennwirkleistung " 15,0 kw 17,0 kw 20,0 kW

Max. Schein- / Wirkleistung: 16,5 kVA / KW 18,7 kVA | KW 22,0 kVA / KW
AC-Nennspannung: 400 V, 3(N)~ + PE

Nennfrequenz: 50 Hz

Max. Wirkleistung Pemax / Max.

Wirkleistungs-Spitzenwert Psoo 2):

3)

3)

3)

Netzgebundener SUN2000-23KTL-M3 | SUN2000-28KTL-M3 | SUN2000-30KTL-M3
Photovoltaikwechselrichter

Nennwirkleistung ": 23,0 kW 27,5 kW 30,0 kW

Max. Schein- / Wirkleistung: 23,0 kVA / KW 27,5 kKVA | KW 33,0 kKVA / KW
AC-Nennspannung: 400 V, 3(N)~ + PE 480V, 3~ + PE 400/480 V, 3(N)~ + PE
Nennfrequenz: 50 Hz

Max. Wirkleistung Pemax / Max.

Wirkleistungs-Spitzenwert Peoo 2):

3)

3)

3)

Netzgebundener SUN2000-36KTL-M3 | SUN2000-40KTL-M3 | SUN2000-42KTL-M3
Photovoltaikwechselrichter

Nennwirkleistung ": 36,0 kW 40,0 kW 42,0 kW

Max. Schein- / Wirkleistung: 40,0 kVA / KW 44,0 kVA | KW 47,0 kVA | KW
AC-Nennspannung: 400/480V, 3(N)~ + PE 480V, 3~ + PE
Nennfrequenz: 50 Hz

Max. Wirkleistung Pemax / Max.

Wirkleistungs-Spitzenwert Pesoo 2): 3) 44,26 kW 4 47,31 kW

V100R001 oder héher

V100R001 oder héher

" Die Nennwirkleistung P, ist nur ein vom Hersteller definierter Nennwert, nahere Angaben siehe S.94.

2)

Die Pemax ist der héchste 10-Minuten-Mittelwert der Wirkleistung einer Erzeugungseinheit (Definition gemalt VDE-AR-N 4110:2018 [1].

Die Pggoist der maximale Wirkleistungs-Spitzenwert des Gesamtsystems (Mittelungszeitraum 10 min Definition gemaR FGW TR 3 Rev.

25 [3]).

% Aufgrund von Stichproben wurden die markierten Tests nicht durchgefiihrt.
4 Das angegebene Messergebnis wurde geman Test 4.1.1, FGW TR 3 Rev. 25 [3] ermittelt.

Die Wirkleistungsergebnisse des SUN2000-40KTL-M3 (400 V) (Tests wurden an der Modellvariante mit AC-Nennspannung von 400 V
durchgefiihrt), kénnen auf den SUN2000-40KTL-M3 (480 V), SUN2000-15KTL-M3, SUN2000-17KTL-M3, SUN2000-20KTL-M3,

SUN2000-23KTL-M3,

SUN2000-28KTL-M3,

Prmax, notmeasure / Pmax, sunzooo-40x11-m3) libertragen werden.

SUN2000-30KTL-M3  und

Das Zertifikat besteht aus 161 Seiten (inklusive Anhang von 158 Seitens).
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Zertifikatsbeiblatt - 2 (21-0001_0)

Einschriankungen, Abweichungen oder Hinweise zur Anwendung:

e Die Erzeugungseinheiten in der Produkiserie bieten keine Prifklemmleiste. Fir einen Feldtest muss ein externes
Uberwachungsgerat mit entsprechender Prifklemmleiste vorgeschaltet und die Netziberwachung der
Erzeugungseinheiten entsprechend parametriert werden.

e Die Erzeugungseinheit verflgt Uber kein Display, die Parameter fir Netziiberwachung/-schutz kénnen nur via Web-Ul
oder SUN2000 App kontrolliert werden. Die authentische Identifizierung wird Uber die auf der Web-Ul angezeigte
Seriennummer des Gerats sichergestellt.

e Getrennte Sollwertvorgabe von Netzbetreiber und Direktvermarkter ist nicht moglich. Es ist nur ein Sollwertkanal
vorhanden. Die Priorisierung unterschiedlicher Sollwerte muss dann z.B. im tberlagerten EZA-Regler stattfinden.

e Im Falle einer Kommunikationsstérung zum EZA Regler kénnen die EZE nur mit dem letzten Sollwert betrieben werden,
in diesem Sinne kénnen die EZE mit einem (vom Hersteller) vordefinierten Verfahren betrieben werden. Ein Betrieb mit
einem vorgegebenen Wert ist nicht mdglich.

o Die auf EZE-Ebene implementierten Blindleistungssollwertvorgabe bietet keinen PT1-Filtereffekt. Die Implementierung
der Verfahren  zur  Blindleistungsbereitstellung  auf  EZE-Ebene  (Q(U) und  Blindleistung  mit
Spannungsbegrenzungsfunktion) kann von den Anforderungen gemaR VDE-AR-N 4110:2018-11 [1] abweichen. Dies
muss bei der Projektplanung berlicksichtigt werden. Bei Bedarf miissen diese auf Anlagenebene tber den EZA-Regler
implementiert werden.

o Die Standardkonfiguration der Einheiten erfillt méglicherweise die Anforderungen an die Blindleistungsbereitstellung am

Netzanschlusspunkt nicht. Eine Reduzierung der Wirkleistungs-Einspeisung zugunsten der Blindleistungsbereitstellung
ist bei Bedarf méglich (siehe S.91 bis 94). Dies muss bei der Projektplanung beriicksichtigt werden.

Das Zertifikat besteht aus 161 Seiten (inklusive Anhang von 158 Seitens). Seite 3 von 161
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Type Certificate

Applicant: Huawei Technologies Co., Ltd.
Address: Administration Building, Headquarters of Huawei Technologies Co., Ltd., Bantian, Longgang
District, Shenzhen, 518129
P.R. China
Type of Grid-tied photovoltaic SUN2000-15-42KTL-M3 (Inverter Family)
power generating unit: inverter (for details see Supplement of Certificate — 1 on p.2)
Technical data: Max. apparent power: 47,0 kVA
Nominal output AC voltage: 400/480V, 3(N)~ + PE
Nominal frequency: 50 Hz
Technical data determined | Max. active power Pemax /
by measurements: Max. active power peak Peoo: (for details see Supplement of Certificate — 1 on p.2)
Firmware version: V100R001 or higher
Software version: V100R001 or higher
Validated type model: Model file: Huawei_21-0001_0_TR4_SUN2000-15-42KTL-M3_V1.zip
Identification number (MD5): d3b4ceb528076b0b7802b399253f190c
Grid connection VDE-AR-N 4110:2018-11 — Technical requirements for the connection and operation of
regulation: customer installations to the medium voltage network (TCR medium voltage) [1]
Pertinent standards / Technical guidelines:
Guidelines: FGW TR 3 Rev. 25 [3], FGW TR 4 Rev. 09 [4], FGW TR 8 Rev. 09 [5]

The power generating units, stated in the certificate, were tested and certified according to the technical guidelines referenced
to the grid connection regulation. The electrical characteristics fulfil the requirements of the grid connection regulation:

¢ Quasi-steady-state operation

 Dynamic network stability (reactive current characteristic according to TCR medium voltage)

e Active power output and network security management

e Active power adjustment as a function of the grid frequency

e Protection technology and protection settings on generating unit level

e Power quality
The manufacturer has provided proof of certification of the quality management system of his production facility in accordance
with 1ISO 9001

Restrictions, deviations or notes on usage: see Supplement of Certificate - 2 on p.3.

The certificate includes the following information:
e technical data of the power generating unit, the auxiliary equipment used and the software version used;
e schematic structure of the power generating units;
e summarized information on the properties of the power generating unit.

The certificate is comprised of 161 pages (including Annex of 158 pages). Page 1 of 161
BV project number : 20TH0373

Certificate no. : 21-0001_0 Certification scheme : NSOP-0032-DEU-ZE-V01
Issued 1 2021-04-29 Valid until 1 2026-04-28

Certification .body

(( DAKKS

Deutsche
Akkreditierungsstelle
D-ZE-12024-01-00

Holger-Schaffer

Certification body of Bureau Veritas Consumer Products-Services Germany GmbH accredited according to DIN EN ISO/IEC 17065
A partial representation of the certificate requires the written approval of Bureau Veritas Consumer Products Services Germany GmbH



Supplement of Certificate — 1 (21-0001_0)

Type of
power generating unit:

Technical data:

Technical data determined
by measurements:

Type of
power generating unit:

Technical data:

Technical data determined
by measurements:

Type of
power generating unit:

Technical data:

Technical data determined
by measurements:

Firmware version:
Software version:

Note:

Grid-tied photovoltaic inverter

SUN2000-15KTL-M3

SUN2000-17KTL-M3

SUN2000-20KTL-M3

Nominal active output power " 15,0 kW 17,0 KW 20,0 kW
Max. apparent / active output

power: 16,5 kKVA | KW 18,7 kKVA | KW 22,0 kVA | KW
Nominal voltage: 400V, 3(N)~ + PE

Nominal frequency: 50 Hz

Max. active power Pgmax / Max.
active power peak Pgoo 2:

3)

3)

3)

Grid-tied photovoltaic inverter

SUN2000-23KTL-M3

SUN2000-28KTL-M3

SUN2000-30KTL-M3

Nominal active output power " 23,0 kW 27,5 kW 30,0 kW

Max. apparent / active output

power: 23,0 kVA | KW 27,5 kVA | KW 33,0 kVA / KW
Nominal voltage: 400 V, 3(N)~ + PE 480V, 3~ + PE 400/480 V, 3(N)~ + PE
Nominal frequency: 50 Hz

Max. active power Pgmax / Max.
active power peak Pgoo 2:

3)

3)

3)

Grid-tied photovoltaic inverter

SUN2000-36KTL-M3

SUN2000-40KTL-M3

SUN2000-42KTL-M3

Nominal active output power " 36,0 kW 40,0 kW 42,0 kW
Max. apparent / active output

power: 40,0 kVA | KW 44,0 kVA | KW 47,0 kKVA | KW
Nominal voltage: 400/480V, 3(N)~ + PE 480V, 3~ + PE
Nominal frequency: 50 Hz

Max. active power Pemax / Max.

active power peak Pggo 2 3) 44,26 kW 4 47,31 kW

V100R001 or higher

V100R001 or higher

" The nominal active output power P, is just a nominal value defined by manufacturer, for details see p.94.

2)

The Pemaxis the highest 10-min mean of the active power of a power generating unit defined according to VDE-AR-N 4110:2018 [1]. The

Psoois the maximum active power peak of the overall system (averaging period 10 min) defined according to FGW TR 3 Rev. 25 [3].

3)

4)

Due to spot testing the tests marked were not conducted.

The stated measurement result was determined according to test 4.1.1, FGW TR 3 Rev. 25 [3].

The active power results of the SUN2000-40KTL-M3 (400 V) (tests were done on the variant with a line-to-line output voltage of 400 V),
can be applied to the SUN2000-40KTL-M3 (480 V), SUN2000-15KTL-M3, SUN2000-17KTL-M3, SUN2000-20KTL-M3, SUN2000-23KTL-
M3, SUN2000-28KTL-M3, SUN2000-30KTL-M3 and SUN2000-36KTL-M3 scaled (by the factor Pma, notmeasure / Pmax, sunz000-40x71-m3)-

The certificate is comprised of 161 pages (including Annex.of 158 pages).
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Supplement of Certificate - 2 (21-0001_0)

Restrictions, deviations or notes on usage:

e The PGUs in the series do not provide test terminals for on-site testing. For necessary on-site testing, a separate test
terminal must be installed additionally.

e The PGUs in the series do not provide display for checking the protection setting. Settings of the integrated protection
relay can only be checked per remote via WebUI or via SUN2000 app using a mobile phone. Authentic identification is
ensured via the serial number of the device, which is displayed on the Web-UI.

e Only one Interface for specifying active power implemented on the PGU. Separate specifying active power by grid
operator and direct seller is not possible. For prioritization of different setpoints must be carried out on the plant level
e.g. in the superimposed PGS controller.

e In the event the communication with the PGS controller is disturbed, the PGU will remain in operation with the last
setpoint value. In this sense the PGU can be operated with a predefined (by manufacturer) process. An operation with a
predefined (e.g. by grid operator) value in case of communication failures between the PGUs and PGS is not possible.

e The on the PGU level implemented reactive power set point changes (parameter No. 30 in provided parameter list, see
Annex 5) does not provide PT1 filtering effect.
The on the PGU level implemented Q(U) control function deviates from requirements according to VDE-AR-N
4110:2018-11 [1].
The PGUs in the series provide only one kind of Q(U) control function. The on the PGU level implanted Q(U) control
function can be used as reactive power with voltage limitation function by suitable setting of the characteristic curve. But
this also deviates from requirements according to VDE-AR-N 4110:2018-11 [1].
These need to be considered for project planning. If needed, these have to be implemented on the plant level e.g. in the
superimposed PGS controller.

e The default configuration of the units may not meet the reactive power requirement at the grid connection point. A
permanent active power reduction may be needed (see p.91 to 94). This needs to be considered for project planning.

The certificate is comprised of 161 pages (including Annex of 158 pages). Page 3 of 161
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Annex to the Type Certificate no. 21-0001_0 Page 4 of 161

Description of the revisions of certificate 21-0001_0

Rev. 0 First issue

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright © Bureau Veritas



Annex to the Type Certificate no. 21-0001_0 Page 5 of 161

Annexes included in certificate 21-0001_0

No. Contents Page
1 Annex 1 — Guidelines, test reports and documents 6
2 Annex 2 — Technical characteristics of the power generating unit (Manufacturer’s data) 9
2.1 Technical data of the power generating unit (Manufacturer’s data) 9
2.2 Description of the power generating unit 21
2.3 Description of software version and interfaces 23
3 Annex 3 — Extract from the test report 27
3.1 Power quality 27
3.2 Active power 66
3.3 Reactive power 81
3.4 Protection system (on PGU level) 119
3.5 Self-protection 124
3.6 Quasi-static operation 125
3.7 Fault ride through capability 126
3.8 Short-circuit current contribution 127
4 Annex 4 — Validated simulation model 131
4.1 General information about the simulation model [18] 131
4.2 Description of the PGU simulation model [18] 132
4.3 Model parameters [18] 137
4.4 Model application guide 146
4.5 Scope of the validation and plausibility tests [18] 148
4.6 Results of Validating simulation models (PGU) 149
5 Annex 5 — Certification-relevant parameters 153

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright © Bureau Veritas



Annex to the Type Certificate no. 21-0001_0 Page 6 of 161

1. Annex 1 - Guidelines, test reports and documents

This certificate is based on following guidelines, test reports and documents:

Reference Guidelines

[1] Technische Regeln fir den Anschluss von Kundenanlagen an das Mittelspannungsnetz und
deren Betrieb (TAR Mittelspannung), VDE-AR-N 4110:2018-11/

Technical requirements for the connection and operation of customer installations to the
medium voltage network (TCR medium voltage), VDE-AR-N 4110:2018-11

[2] Technische Regeln fir den Anschluss von Kundenanlagen an das Hochspannungsnetz und
deren Betrieb (TAR Hochspannung), VDE-AR-N 4120:2018-11/

Technical requirements for the connection and operation of customer installations to the high
voltage network (TCR high voltage), VDE-AR-N 4120:2018-11

[3] Technische Richtlinien fiir Erzeugungseinheiten und —anlagen TEIL 3 (TR3), Bestimmung der
elektrischen Eigenschaften von Erzeugungseinheiten und -anlagen, Speicher sowie fiir deren
Komponenten am Mittel-, Hoch- und Hochstspannungsnetz, Revision 25, Stand 01.09.2018 /
Technical Guidelines for Power Generating Units and Systems PART 3 (TG3), Determination
of the Electrical Characteristics of Power Generating Units and Systems, Storage Systems as
well for their Components in Medium-, High- and Extra-High Voltage Grids, Revision 25,
Dated 01/09/2018

[4] Technische Richtlinien fir Erzeugungseinheiten und —anlagen TEIL 4 (TR4), Anforderungen
an Modellierung und Validierung von Simulationsmodellen der elektrischen Eigenschaften von
Erzeugungseinheiten und -anlagen, Speicher sowie deren Komponenten, Revision 09, Stand
01.02.2019/

Technical Guidelines for Power Generating Units and Systems PART 4 (TG4), Demands on
Modelling and Validating Simulation Models of the Electrical Characteristics of Power
Generating Units and Systems, Storage Systems as well as their Components, Revision 09,
Dated 01/02/2019

[5] Technische Richtlinien fiir Erzeugungseinheiten, -anlagen und Speicher sowie flr deren
Komponenten TEIL 8 (TR8), Zertifizierung der elektrischen Eigenschaften von
Erzeugungseinheiten und -anlagen, Speicher sowie fir deren Komponenten am Stromnetz,
Revision 09, Stand 01.02.2019 /

Technical Guidelines for for Power Generating Units, Systems and Storage Systems as well
as for their Components PART 8 (TG8), Determination of the Electrical Characteristics of
Power Generating Units and Systems, Storage Systems as well for their Components in
Medium-, High- and Extra-High Voltage Grids, Revision 09, Dated 01/02/2019

[6] Kurzschlussstrdme in Drehstromnetzen Teil 0: Berechnung der Stréme, DIN EN 60909-0
(VDE 0102):2016-12 /

Short-circuit currents in three-phase a.c. systems Part 0: Calculation of currents (IEC 60909-
0:2016)

Reference Test reports

[7] 20THO373_TR3_Rev25 0

TG3 test report according to FGW TG3 Rev.25, issued by Bureau Veritas Consumer Products
Services Germany GmbH on 29. Jan. 2021

[8] 20TH0373_TR8_Rev09_0

TG8 evaluation report according to FGW TG8 Rev.09, issued by Bureau Veritas Consumer
Products Services Germany GmbH on 29. Apr. 2021

[9] 20THO0373_TR3_Rev25_0_excerpt-part_1_0

Extract from the TG3 test report, Part 1: Power Quality, issued by Bureau Veritas Consumer
Products Services Germany GmbH on 01. Feb. 2021

[10] 20THO0373_TR3_Rev25 0_excerpt-part_2 0

Extract from the TG3 test report, Part 2: Grid Control Capability, issued by Bureau Veritas
Consumer Products Services Germany GmbH on 01. Feb. 2021

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright © Bureau Veritas



Annex to the Type Certificate no. 21-0001_0 Page 7 of 161

1. Annex 1 - Guidelines, test reports and documents

[11] 20THO0373_TR3_Rev25 0 excerpt-part 3 0

Extract from the TG3 test report, Part 3: Protection System, issued by Bureau Veritas
Consumer Products Services Germany GmbH on 01. Feb. 2021

[18] 20TH0373_TR4_Rev09_0

TG4 validation report according to FGW TG4 Rev.09, issued by Bureau Veritas Consumer
Products Services Germany GmbH on 28. Apr. 2021

The compliance to the grid connection regulation of the power generating units is shown by the results in the test
report (20TH0373_TR3_Rev25 0) which includes all type tests stated in the certificate. The type tests were
conducted by Bureau Veritas Consumer Products Services Germany GmbH.

The compliance to the grid connection regulation of the simulation models is verified by the validation report
(20THO0373_TR4_Rev09 _0). The simulations were conducted by Bureau Veritas Consumer Products Services
Germany GmbH.

The summary of the grid connection regulation compliant certification of the units
e SUN2000-15KTL-M3
e SUNZ2000-17KTL-M3
e SUN2000-20KTL-M3
e SUN2000-23KTL-M3
e SUN2000-28KTL-M3
e SUN2000-30KTL-M3
e SUN2000-36KTL-M3
e SUN2000-40KTL-M3
e SUN2000-42KTL-M3
is stated in the certification report (20TH0373_TR8_Rev09_0).

Reference Certification-relevant documents provided by manufacturer

[12] Manufacturer’s certificate on specific data, dated 29. Jan. 2021:

e F.0_TR3_Manufacturer certificate SUN2000-15KTL-M3_V1.0.pdf

e F.0_TR3_Manufacturer certificate_ SUN2000-17KTL-M3_V1.0.pdf

e F.0_TR3_Manufacturer certificate_ SUN2000-20KTL-M3_V1.0.pdf

e F.0_TR3_Manufacturer certificate SUN2000-23KTL-M3_V1.0.pdf

e F.0_TR3_Manufacturer certificate SUN2000-28KTL-M3_V1.0.pdf

e F.0_TR3_Manufacturer certificate_ SUN2000-30KTL-M3-400V_V1.0.pdf
e F.0_TR3_Manufacturer certificate SUN2000-30KTL-M3-480V_V1.0.pdf
e F.0_TR3_Manufacturer certificate_ SUN2000-36KTL-M3-400V_V1.0.pdf
e F.0_TR3_Manufacturer certificate SUN2000-36KTL-M3-480V_V1.0.pdf
e F.0_TR3_Manufacturer certificate_ SUN2000-40KTL-M3-400V_V1.0.pdf
e F.0_TR3_Manufacturer certificate SUN2000-40KTL-M3-480V_V1.0.pdf
e F.0_TR3_Manufacturer certificate SUN2000-42KTL-M3_V1.0.pdf

[13] Parameter list, dated 12. Dec. 2020:
e F.2 Parameter list Huawei SUN2000-15-42KTL-M3_Series_V1.0.pdf
[14] Manufacturer’s declaration for compliance to technical requirements of the VDE-AR-N

4110:2018-11, dated 27. Nov. 2020:
e F.4 Declaration of manufacturer Huawei SUN2000-15-42KTL-M3_Series_V1.0.pdf

[15] SUN2000-(20KTL, 29.9KTL, 30KTL, 36KTL, 40KTL)-M3 User Manual, issued by Huawei
Technologies Co., Ltd., Issue 03, Date: 2021-04-25

[16] SmartLogger3000 User Manual, issued by Huawei Technologies Co., Ltd., Issue 05, Date:
2020-09-30

e SmartLogger3000 User Manual.pdf
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[17] SmartLogger ModBus Interface Definitions, issued by Huawei Technologies Co., Ltd., Issue
38, Date: 2020-11-25

e SmartLogger ModBus Interface Definitions.pdf
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2. Annex 2 - Technical characteristics of the power generating unit (Manufacturer’s data)

2.1. Technical data of the power generating unit (Manufacturer’s data)
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2. Annex 2 - Technical characteristics of the power generating unit (Manufacturer’s data)

Figure 1 — Manufacturer’s certificate on specific data from [12]
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2. Annex 2 - Technical characteristics of the power generating unit (Manufacturer’s data)

2.2. Description of the power generating unit

Description of the power circuit (Figure 2)

The Solar converter converts DC voltage into AC voltage.

The input and output are protected by Varistors to Earth. The unit is providing EMC filtering at the output toward
mains. The unit does not provide galvanic separation from input to output (transformerless). The output is switched
off redundant by the high-power switching bridge and two relays. This assures that the opening of the output circuit
will also operate in case of one error.

The internal control is redundant built. It consists of Master CPU(U3) and Slave CPU (033).

The Master CPU(U3) control the relays by switching signals measures the PV voltage, PV current, Bus voltage, grid voltage,
frequency, AC current with injected DC and the array insulation resistance to ground. In addition, it tests the current sensors
and the RCMU circuit before each start up.

The Slave CPU (U33) is measures the grid voltage, grid frequency, DCI and residual current, also can switch off the relays
independently, and communicate with the Master CPU (U3) each other.

The current is measured by a current sensor. The AC current signal and the injected DC current signal are sent to the Master
CPU (U3). The Master CPU (U3) tests and calibrates before each start up all current sensors.

The unit provides two relays in series in all output conductors. When single fault applied to one relay, alarm an
error code in display panel, another redundant relay provides basic insulation maintained between the PV array
and the mains. All the relays are tested before each start up.

Figure 2 — Block diagram of the power circuit

Description of the differences of the models within a series:

The units in der series are identical hardware platform. The implemented control and firmware is identical in all
units. There is no difference regarding AC behaviour between the PGU-types apart from the power rating / AC
output voltage deviation and current limitation of each unit.

Description of a typical installation (Figure 3) (Manufacturer’s data):

In the RS485 communication mode a SUN2000 system (including up to 30 units recommended by manufacturer
each RS485 port) can be connected to the SmartLogger (data collector) via RS485 bus.

A SmartLogger (data collector) can be connected to a SUN2000 system (including up to 30 units recommended
by manufacturer each RS485 port) connected in series via RS485 communication cable (using MODBUS-RTU
communication protocol). The length of the communication cable should be limited to max. 1000 m (for RS485 bus
using 9600 baud rate). SmartLogger can control active / reactive power control via dry contact. The Ethernet-
interface and corresponding WebUI “Data Collector Web” are available for setting / controlling active / reactive
power and parameter configuration. There are no differences regarding the setpoint accuracy and settling /
response times between the interfaces / software tools.

Hereby, the pick-up of a new setpoint of P, Q and cos@ is guaranteed within 2 s.
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Figure 3 — Scheme of an installation

Description of the connection to the remote-control receiver (Figure 4) (Manufacturer’s data):

A generating station can receive the signal from the State Load Dispatch Centre or Regional Load Dispatch Centre
for regulation of the active and reactive power output using the Smart Logger (data acquisition device).

The remote-control receiver can be connected to the Smart Logger using dry contact for active / reactive power
control, which is connected to the inverters via RS485/MBUS.

Figure 4 — Connection of the remote-control receiver in an installation
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2. Annex 2 - Technical characteristics of the power generating unit (Manufacturer’s data)

2.3. Description of software version and interfaces

Following is the software and firmware version used for the TG3 testing [13]:

4. Main Components of the regulating system

Main components of the control system with firmware and software
Main component(s) of the control system Control system integrated in the PGU
Firmware version V100R001
Software version V100R001

Figure 5 — Software and firmware version used for the TG3 testing from [13]
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2. Annex 2 - Technical characteristics of the power generating unit (Manufacturer’s data)

Following are the interfaces provided on the PGU level for active and reactive power setting [14]:

Die Arten der Sollwertvorgabe und Schnittstellen zur
Regelung der Blindleistungsbereitstellung sind
dokumentiert.

Angabe der Q-Ubergangsfunktion Uiber eine
Sprungantwort fir die Schnittstellen/Sollwert-
Kombinationen. /

The types of selpoint value specifications and
interfaces for control of the reactive power provision
are documented.

Details of the Q-step response via a step response
for the interface / setpoint value combinations.

Following interfaces for control of the reactive power
provision are provided on the PGU level, all interface
can be seen in chapter2.1 of SmartLogger ModBus
Interface Definitions:

e Reactive power control mode:
2: Reactive power fix control
3: Power factor fix control
4: Q-U characteristic curve
14: Q-P characteristic curve

Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright © Bureau Veritas
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2. Annex 2 - Technical characteristics of the power generating unit (Manufacturer’s data)

Figure 6 — Interfaces provided on the PGU level for active and reactive power setting from [14]:
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2. Annex 2 - Technical characteristics of the power generating unit (Manufacturer’s data)

If the active / reactive control functions need to be implemented on the plant level e.g. in the superimposed PGS
controller, this can be connected via a Smartlogger [8], [16] & [17]:

Figure 7 — Interfaces for connection of a superordinate power controller [8], [16] & [17]:
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Figure 8 — Results of power quality from [9]
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Figure 9 — Results of active power control from [10][12]
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3. Annex 3 — Extract from the test report

The PGUs are able to be operated at reduced power [7].

At 0% setpoint the PGUs stay connected without power feeding. The PGUs can be disconnected from grid using
the “Start/Stop control” or set the parameter “Shutdown at 0% power limit” to “Enable” (parameter No. 9, see
Annex 5 — Cetrtification-relevant parameters).
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3. Annex 3 — Extract from the test report

Figure 10 — Results of active power control from [7]
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3. Annex 3 — Extract from the test report

The active power gradient is implemented on the PGU level.

Only one Interface for specifying active power implemented on the PGU. Separate specifying active power by
grid operator and direct seller is not possible. For prioritization of different setpoints must be carried out on the
plant level e.g. in the superimposed PGS controller.

The max. active power output of the PGU is dependent on ambient temperature [14]:
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Figure 11 — Active power output dependent on ambient temperature from [14]
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Figure 12 — Results of reactive power control from [10][12]
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Note to control functions for reactive power supply implemented on the PGU level ([8]):

e The on the PGU level implemented reactive power set point changes (parameter No. 30 in parameter list,
see Annex 5) does not provide PT1 filtering effect.

e The on the PGU level implemented Q(U) control function deviates from requirements according to [1]. This
needs to be considered for project planning.

e The PGUs in the series provide only one kind of Q(U) control function. The on the PGU level implanted Q(U)

control function can be used as reactive power with voltage limitation function by suitable setting of the
characteristic curve. But this also deviates from requirements according to [1].

These need to be considered for project planning. If needed, these have to be implemented on the plant level
e.g. in the superimposed PGS controller.
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Description of methods for the reactive power supply and the reactive power provision within the voltage

corridor [7]:
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Note to PQ capacity of the units:

* As default the active output power of the units limited to the max. active output power. In this default PQ operation
mode, the reactive power supply at full load (P = Pmax = Smax) is zero (power factor = 1).

The nominal active output power Pn is a nominal value defined by manufacturer. This has to be set additionally
using the parameter Plimit and Pmaxref if needed (see Annex 5). With this setting the units can provide a reactive
power supply corresponding to

- cosgp = 0,909 (SUN2000-15KTL-M3, SUN2000-17KTL-M3, SUN2000-20KTL-M3, SUN2000-30KTL-M3,
SUN2000-40KTL-M3)

- cos@ = 0,900 (SUN2000-36KTL-M3)
- cos@ = 0,894 (SUN2000-42KTL-M3)

For the units SUN2000-23KTL-M3 and SUN2000-28KTL-M3 the nominal value of active power is defined as
Pn = Pmax. The reactive power supply of both of these units at full load at U = Un is zero (power factor = 1).

Furthermore, the default configuration of the units may not meet the reactive power requirement at the grid
connection point according to [1]. A permanent active power reduction may be needed.

This has to be checked and considered for project planning.
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The resulting voltage dependent PQ operating points as follows ([14]):
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Figure 13 — Voltage dependent PQ operating points from [14]
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3.4. Protection system (on PGU level)
The following tests were carried out on the PGU integrated protection relay and the generating unit switch, the

possible parameter setting of the PGU integrated protection relay is documented in [13], see Annex 5 —
Certification-relevant parameters:
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Figure 14 — Results of grid protection from [11]
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Note (manufacturer’s data):

The function of the integrated grid monitoring and disconnection is independent from other parameters and
functions shown in the scope of this excerpt of the test report.

The grid monitoring functions can be maintained for at least 5 s during grid voltage loss.
The loss of power supply for the grid monitoring results in a non-delayed triggered disconnection.
The generating units monitor the phase-to-neutral or phase-to-phase * voltages.

The three phase-to-neutral or phase-to-phase * voltages are logical OR connected to trigger the operation of the
separation device.

An external monitoring relay can trigger the power generating unit’s integrated breakers (by digital input).

Note:

* Depending on AC connection terminals provided by the inverter type or the earthing system selected, the
generating units monitor the phase-to-neutral or phase-to-phase voltages. E.g.:

The unit SUN2000-42KTL-M3 does not provide a neutral wire, it can be connected to an IT grid directly, in this
case the unit monitors the phase-to-phase voltages.

The unit SUN2000-40KTL-M3 provides an optional neutral wire, it can be connected to a TN-S or IT grid directly,
in case of TN-S grid connection the unit monitors the phase-to-neutral voltages, while it monitors the phase-to-
phase voltages if it connects to an IT grid.

Description of the interface for on-site testing

The PGU does not provide test terminals for on-site testing. For necessary on-site testing, an external monitoring
relay with corresponding test terminals must be installed and the PGU’s monitoring parameters must be set
accordingly.

The integrated grid monitoring/protection parameters can be checked per remote via WebUI or via SUN2000 app
using a mobile phone. Authentic identification is ensured via the serial number of the device, which is displayed
on the WebUI.
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According to [13] if the connection voltage exceeds 1,5-Un (line-to-line peak value, see Annex 5) will lead to a
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non-delayed self-protection tripping.

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright © Bureau Veritas



Annex to the Type Certificate no. 21-0001_0 Page 125 of 161

3. Annex 3 — Extract from the test report

3.6. Quasi-static operation

Manufacturer’s data from [7]

The unit can be continuously operated within the voltage / frequency range of 80%Un and 120%Un / 47,5 Hz and
52,0 Hz. The operating range of voltage and frequency can also be limited using the protection functions.

(Manufacturer’s data) [14]
The required quasi-steady-state operation in the frequency and voltage range according to [1] is possible.
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3.7. Fault ride through capability

Within the adjustable parameter ranges of the grid monitoring the PGU can ride through the symmetrical and
asymmetrical faults according to the Fault Ride-Through (FRT) limit curve for a Type 2 power generating plant
specified in [2].

Additionally, a fault ride-through tripping curve function is implemented in the unit (parameter No. 90 - 100, see
Annex 5). This function defines a curve exceeding which for 500 ms the unit disconnects from the grid. The
priority of the protection can be switched between grid protection parameter function and ride-through tripping
curve function via parameter “LVRT undervoltage protection shield” (parameter No. 87, see Annex 5. Disable:
high priority of grid protection function; Enable: high priority of ride-through tripping curve function).

Figure 15 — Verified Fault Ride-Through (FRT) limit curve from [7]
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3.8. Short-circuit current contributions[16]

In the following the test results from [7] are summarized:
SUN2000-40KTL-M3 (400 V)

Shortcircuit currents, peak Short-circuit currents, 1-period RMS value {max. of L1, L2, L3) [p.u.
Mo./ | Test no. " /| value (max. of L1, L2, L3) [A] / based In] /
Nr. | TestNr. ¥ Kurzschlussstrome
Scheitelwerte (max. von L1, t1 + 20ms |t1 + 100ms | t1 + 150ms [ t1 + 300ms | t1 + 500ms | t1 + 1000ms
L2 L3) [A]
1 0.1 82,9 0,895 1,017 1,019 1.018 0,224 1,012
2 0.2 88,5 0,841 1,068 1,015 1.018 0,203 0,204
3 0.3 1250 1,076 1,013 1,012 1.012 0,318 1,008
4 04 1011 0,913 1,009 1,012 1,011 0,183 0,203
5 251 92,0 0,879 1,025 1,028 1.025 1.025 1.026
6 252 90,0 0,961 1,023 1,024 1,025 1,025 1,023
I 254 77,0 0,555 1,021 1,019 1,021 1,021 1.017
8 255 92,3 0,857 1,016 1,017 1,017 1,016 1,019
9 501 81,4 0,941 1,031 1,034 1,031 1,030 1.034
10 502 821 0,911 1,021 1,028 1,027 1,026 1,029
11 503 1093 0,969 1,020 1,025 1.024 1.025 1.025
12 504 89.9 0,647 0,993 0,998 0,995 0,995 1.003
13 504 341 0,191 0.068 0,069 0,068 0,068 0,071
14 506 28,6 0,144 0,062 0,066 0,062 0,062 0,066
15 751 89.6 1,036 1,011 1,016 1.013 1.014 1.012
16 752 55,0 0,522 0,554 0,553 0,554 0,553 0,555
17 75.3 89.0 1,055 1,035 1,034 1.036 1.035 1,034
18 75 4 58,7 0,440 0,337 0,338 0,336 0,335 0,335
19 755 83,7 0,937 1,014 1,017 0,996 0,995 0,999
20 756 81,0 0,945 0,942 0,943 0,942 0,942 0,940
21 7T 47.0 0,509 0,556 0,556 0,546 0,547 0,542
22 75.8 86,0 0,970 1,000 1,006 1,003 1,002 1,012
23 80.1 a7.4 1,014 1,010 1,015 1,012 1.014 1.011
24 80.2 84,3 0,953 0,961 0,966 0,962 0,962 0,966
25 851 289 0,335 0,322 0,334 0,332 0,331 0,332
26 1101 93,7 0,960 1,004 1,004 1.004 1.004 1.005
27 1102 3T 0,278 0,350 0,353 0,359 0,360 0,355
28 110.3 240 0,275 0,282 0,282 0,281 0,282 0,279
29 1151 7 0457 0,919 0,917 0,917 0,917 0,924
30 115.2 46,0 0,394 0,389 0,382 0,381 0,381 0,384
Note: / Anmerkung:
" Test no. defined according to [3]. / Test Nr. defimiert enfspricht [3].
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SUN2000-42KTL-M3
Short-circuit currents, peak Short-circuit currents, 1-period RMS value {max. of L1, L2, L3) [p.u.
No. ! | Test no. " /| value {max. of L1, L2, L3) [A]/ based In] /
Nr. | TestNr. " Kurzschlussstréme
Scheitelwerte (max. von L1, | t1+20ms |t1 + 100ms |t1 + 150ms | t1 + 300ms | t1 + 500ms | t1 + 1000ms
L2 L3)[A]
1 0.1 80,0 0,889 1,018 1,020 1.018 0,112 1,006
2 02 ) Z) Z) ) ) 2} Z)
3 0.3 4 e E il il 5 3
4 0.4 4 2 3 4 & 2 3
g 251 IR 0,936 1,033 1,031 1,035 1,032 1,034
6 252 4 2 El Fil Fil 2 2
7 254 64,3 0,526 1,029 1,018 1,026 1,026 1,020
8 255 4 e El Fil il %) F1)
9 501 74,0 0,922 1,040 1,038 1,042 1,041 1,035
10 502 3 e E Ell il 5 il
11 505 4 2 el 4 & 2 el
12 50.3 3 e i il El Z Fil
13 504 4 e El il il Z) 2
14 50 6 ) 2} ) ) ) 2 )
15 751 4 e El il il Z) F1)
16 752 ki Z) Z) ki ) 2y Z)
17 753 0.7 0,435 0,336 0,336 0,334 0,333 0,340
18 754 2 2 2 2 2 2 2
19 755 2 e 4 il El i Fil
20 75.6 4 2 El Fil il ) 2
21 757 2 e 4 il El Z Fll
22 75.8 81,3 0,959 1,009 1,006 1.008 1.008 1,005
23 801 ki Z) Z) ki ) 2} Z)
24 80.2 3 e E Ell il 5 il
25 851 2 2 2 2 2 2 2
26 1101 I ) ) I I e )
27 110.2 El El El El El B El
28 110.3 ) 2} ) ) ) 2 )
29 1151 61,3 0,356 0,911 0,914 0.921 0.921 0,922
a0 115 2 ki Z) Z) ki ) 2y 2y
Note: / Anmerkung:
_ﬁ Test no. defined according to [3]. / Test Nr. definiert entspricht [3].
“ Due to spot testing the tests marked were not conducted. / Die markierten Tests wurden im Rahmen der Stichprobenvermessung
nicht durchgefiihrt..

Figure 16 — Summary results of short-circuit current contributions
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3. Annex 3 — Extract from the test report

The following reference values are applied for calculation of the p.u. values specified in the table above:

SUN2000-40KTL-M3 (400 V) SUN2000-42KTL-M3
Rated active power, Pn [kW] 40,0 42,0
Rated voltage Un (phase-to-phase) [V] 400 480
Rated current, In (related to Pn) [A] 57,8 50,5

The FRT behaviour of the SUN2000-40KTL-M3 (400 V) can be applied to the SUN2000-40KTL-M3 (480 V),
SUN2000-15KTL-M3, SUN2000-17KTL-M3, SUN2000-20KTL-M3, SUN2000-23KTL-M3, SUN2000-28KTL-M3,
SUN2000-30KTL-M3, SUN2000-36KTL-M3 and SUN2000-42KTL-M3 directly.

The current peak values and current rms values of the SUN2000-40KTL-M3 (400 V) can be applied to the
SUN2000-40KTL-M3 (480 V), SUN2000-15KTL-M3, SUN2000-17KTL-M3, SUN2000-20KTL-M3, SUN2000-
23KTL-M3, SUN2000-28KTL-M3, SUN2000-30KTL-M3, SUN2000-36KTL-M3 and SUN2000-42KTL-M3 scaled

(by the factor In, notmeasure / In, sun2000-40KTL-M3 (400 V)
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3. Annex 3 — Extract from the test report

Parameters necessary for calculating the short-circuit currents as specified in DIN EN 60909-0 (VDE 0102) [6]
(Manufacturer’s data from [14]):

‘ Anforderung / Requirement ‘ Erkldrung / Declaration ‘

*  l1)skepr = 56,8A
*  |i1)skipF =56,8A

Ziwr = 0,5

Figure 17 — Parameters necessary for calculating the short-circuit currents according to DIN EN 60909-0
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4. Annex 4 — Validated simulation model

4.1. General information about the simulation model [18]

Simulation environment used for
creation of the PGU model:

PowerFactory 2019 SP1 (x64)

Simulation environment used for
conducting simulation/validation:

PowerFactory 2021 SP2 (x64)

validated model of the generating
unit:

Data format of the simulation model: | .pfd: PowerFactory model file
.zip:  Compressed file archive
Identification number of the File name: Huawei_21-0001_0_TR4_SUN2000-15-42KTL-M3_V1.zip

MD5 - Checksum:

Archive content:

d3b4ceb528076b0b7802b399253f190¢

File name: HW-VDE4110-SUN2000-40KTL-M3-ENCV1_1.pfd

MD5 - Checksum: a9d33a8d00ddcb5balc7cab4c15ea069

Certification the PGU according to:

VDE-AR-N 4110:2018-11
] VDE-AR-N 4120:2018-11

Available model documentation:

User Manual of HW-VDE4110-SUN2000-40KTL-M3-ENCV1.1.pdf
(Issue: V1.1, Date: 2021-04-28)

Model type:

1 EMT model RMS model

The model is suitable for

static simulation dynamic simulation

simulation of
symmetrical and
asymmetrical faults

] only simulation of
symmetrical faults

Implemented FRT modes:

Full dynamic grid support
Limited dynamic grid support

possible?

Is k-factor adjustable? yes [J no
Further functions implemented in

the model: See 4.3 Model parameters [18]
Is a simulation on a PGS

configuration with SCR =5 yes J no

Limitation for usage of the
simulation model:

The SUN2000-xxKTL-M3 simulation model mirrors the behaviour of the
inverters in the product series. It contains the same high-level control
logic as the PGU. Only the control functions descripted in 4.5 Scope of
the validation and plausibility tests [18] were tested. This needs to be
considered for project planning.
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4. Annex 4 — Validated simulation model

4.2. Description of the PGU simulation model [18]

The simulation model of the SUN2000-xxKTL-M3 product series is implemented in DIGSILENT PowerFactory
Version 2019 SP1. In time-domain the static generator model acts as an current source and is suitable for RMS
simulations. It is recommended that the integration step size to be set to 1 ms for the simulations.

Description of the main control circuit (Figure 18, Figure 19, Figure 20 & Figure 21):

The PV inverter is represented by the built-in PowerFactory element Static Generator. The behaviour of dynamic model is
determined by the DSL models connected to the Static Generator as showed in Figure 21.

e The (measurement element) PQ_Meas measures the active and reactive power;
e The (measurement element) Ulv_Meas determines positive and negative sequence of voltage;

e The (measurement element) voltage transformer VT located to the terminal LV and measures the three-
phase voltage on the secondary side of the transformer;

e The (measurement element) phase locked loop PLL_prot determines the frequency for grid protection
and phase angle for calculation of the pos. / neg. sequence of active / reactive current references;

e The (measurement element) phase locked loop PLL determines the phase angle for active and reactive
current control;

e The model Pf Changes reproduces the active power behaviour of the converter in case of under- and
overfrequency;

e The model Q_Control determines the reactive current reference according to the reactive power set value
in consideration of the measured voltage;

e The model P_Control determines the active current reference according to the active power set value in
consideration of the measured frequency;

e The model Idq_Control detects the FRT events and calculates the pos. / neg. sequence of active /
reactive current references in consideration of the current limitation in normal operation as well as during
grid fault;

e The model Protection disconnects the static generator from grid in case of a voltage or frequency grid
fault longer than the protection set delay;

e Plant Control: the composite model DynamicModel has reserved four ports (Qref, PFref, Pref, and P_per)
for the plant controller model (see Figure 21). The common model of the plant controller can be added to
the Net Element and associated with the Slot Dialogue Plant Control (see Figure 23). In addition, the Plant
Control interface can be deleted or the sequence of the interfaces can be adjusted as required.

Detection of FRT event:
The implementation of the FRT detection is identical to the implementation in the PGU:

e If the minimum (for LVRT) or maximum (for HVRT) value of the three phase-to-phase voltages exceeds
the activation threshold (default: Un £ 10%Un), a FRT event will be detected.

e A FRT event will be detected if an abrupt voltage change occurs (the absolute difference between the
actual value of the positive and negative sequence voltage and the 1s (50 periods) average of the
positive and negative sequence exceeds the activation threshold (default: 5%Un).

Voltage reference for additional reactive current calculation:

The reference voltage is the 60 s (needs to be adapted if needed, default setting: 5s, settable in the simulation
model using parameter Tu, 4.3 Model parameters [18]) average of the positive and negative sequence voltage
before fault occurs.

The voltage reference will not be updated during faults.
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4. Annex 4 — Validated simulation model
]

Basic Data General Zero Sequence/Meutral Conductor
oK
Description Mame PV_Converter
Load El Cancel
oad Flow Terminal ¥ |2 | Gnd\LW\Cub_2 LV

Short-Circuit VDE/IEC Figure

Zone
Short-Circuit Complete

Jumpto ..

Short-Circuit ANSI fuea P
Short-Circuit IEC 61363 1 Out of Service

Technology 3PH ~
Quasi-Dynamic Simulation Plant Category Photovoeltaic V| Subcategory
Simulation RMS
Simulation EMT BumE= ol
Power Quality/Harmenics paalelupn
Reliabili

eliability Ratings
Generation Adequacy
Rated Apparent Power VA
Optirmal Power Flow fatediopaghaciay
Unit Commitment
Optimal Equipment Placement Model =+ | Grid\DynamicModel
State Estimation
Figure 18 — Static Generator Dialogue window for Basic Data
@' Static Generator - Grid\PV_Converter.ElmGenstat *

Basic Data General Operational Limits Advanced Automatic Dispatch
Description [[] Reference Machine Local Controller Const. ~
Load Flow [ Out of service when active POWES is ZEro famed
Short- Circuit VDE/IEC External Secondary Controller hd Figure
Short-Circuit Complete

Extemnal Station Controller ~ Jump to ..

Short-Circuit ANSI
Short-Circuit IEC 61363

CQuasi-Dynamic Simulation

Simulation RMS Dispatch Actual Dispatch
Simulation EMT Input Made Default |l Active Power (act.) 40, kW

Reactive Power (act.) 0, kvar
Power Quality/Harmonics Active Power Apparent Power (act.) 40, kVA
Reliability Reactive Power lovar Power Factor (act.) 1, ind.
Generation Adequacy Scaling Factor (act.) 1.

Voltage

1
Optimal Power Flow Angle 0,
Unit Commitrent Prim. Frequency Bias MW/ Hz

Optimal Equipment Placement Scaling Factor

State Estimation

Figure 19 — Static Generator Dialogue window for Load Flow — General

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright © Bureau Veritas



Annex to the Type Certificate no. 21-0001_0 Page 134 of 161

4. Annex 4 — Validated simulation model

@ Static Generator - Grid\PV_Converter.ElmGenstat X
Basic Data General Operational Limits Advanced Automatic Dispatch -
oK
Description Reactive Power Operational Limits
c |
Load Flow Capability Curve v anee
Short-Circuit VDE/IEC Min.  [-0,66 lpu. [-254 |iwar  Scaling Factor (min) ~ [100, % Figure
Short-Circuit Complete :
Max. |D,66 ‘ p.u. |26,4 | kvar Scaling Factor (max.) 100, % Jumpto ..
Short-Circuit ANSI
Short-Circuit IEC 61363 Active Power Operational Limits & Capability Curve
Min.
Quasi-Dynamic Simulation Max. - _ B ;
Simulation RMS \ 11
Prirated) 40, kW
Simulation EMT 0.6667-
Power Quality/Harmonics Active Power; Rating 0,230
Reliability Max. kW I |
prig
Generation Adequacy Rating Factor 1,1 -1,000 -0.332 0.223 1.00000
Prirated) 40, kW

Optimal Power Flow
Unit Commitment
Optimal Equipment Placement

State Estimation

Figure 20 — Static Generator Dialogue window for Load Flow — Operational Limits
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4. Annex 4 — Validated simulation model

Figure 21 — Main control circuit of the simulation model
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4. Annex 4 — Validated simulation model

Description of the interface to DC input and AC output (Figure 22):

The PV converter is connected to AC mains via the 0,40 kV or 0,48 kV (depending on model type) three phase busbar (which
is the measuring point of the above-mentioned voltage measuring elements) and also contains the relays of the internal
disconnection function.

In time-domain simulations the static generator model acts as a current source, no explicit primary energy conversion is

omplemented.

A

PV_Converter

Figure 22 — Interface of the model towards the simulation environment
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4. Annex 4 — Validated simulation model

Page 137 of 161

4.3. Model parameters [18]

Description of the accessible parameterization of the model:

The ranges of the following parameters need to be selected in a sensible way: i.e. using the default values or
parameter ranges stated in the FRT TG 3 report [7].

Figure 23 shows the composite model DynamicModel which references to Control_Frame showed in Figure 21
and connects to the common models

e Pf Control,
e Q Control;
e P Control,

e Idq_Control,

e Protection.

Basic Data

Description

Coemposite Model - Termnplates\HW-YDE4110-5UN2000-40KTL-M3-V1_T\DynamicModel. ElmComp

MName DynamicModel

[ out of Service

Frame >

wrandiLibrangHuawe\Control_Frame

Slot Definition:
Slots Met Elements &
BlkSlot Elrm* 5ta*, IntRef, IntVeco
1 Converter '@' PYV_Converter
2 PfChanges dsl Pf_Control
3 CQ_Control dsl Q_Control
4 P_Control dsl P_Control
5 Curr_Ctrl sl |dg_Control
B VT {Cr Voltage Transformer
7 PLL pll PhaseMeas
&  Protection dsl Protection
% Ukl_Meas fn: Voltage Measurerment
10 PQ_Meas % PO Measurement
11 PLL_prot Pl FreqMeas
12 Plant Control W
< >
Slot Update Step Response Test Show Graphic

Cancel

Contents

Figure 23 — Composite model DynamicModel references to Control_Frame
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Via the common models the parameters of the controllers are accessible and can be set:

dsl Commen Model - Templates\HW-VDE4110-5UN2000-40KTL-M3-V1_1'DynamicModel\Pf_Centrol ElmDs* X
Basic Data General Advanced 1 Advanced 2 Advanced 3
Description Mame |

Cancel
Meodel Definition ~ || = | ..branf\Libran\Huawe\Pf_Reduction
Event:
Configuration Script = Vems
[ Out of Service [ A-stable integration algorithm
Parameter

Pfenable_OF 0 disable/1 enable OF [ ] 1,

fenable_OF power reduction set thres [Hz] 50,2

freset_OF power reduction clear thres [Hz] 50,2

fLimit_OF frequency limit OF [Hz] 51,5

PLimit_OF Power limit based on Pref [ ] 048

Pfenable_UF D disable/1 enable UF [ ] 0,

fenable_UF power increase set thres [Hz] 495

freset_UF power increase clear thres [Hz] 495

fLimit_UF frequency limit UF [Hz] 445

PLimit_UF Power limit based on Pref [ ] 1,

Pfenable_F5M O disable/1 enable FSM [ ] 0,

Pfslope_FSM Power reduction slope FSM [%6 4,

Pt_slope Power recovery slope [p.u./min] 0.1

Pmax max active Power [p.u.] 11

Export to Clipboard Set to default Show Graphic

dsl Common Model - Templates\HW-VDE4110-5UMN2000-40KTL-M3-V1_T\DynamicModel\Q_Control.ElmDsl x
Basic Data General Advanced 1 Advanced 2 Advanced 3
Description rame |

Cancel
Model Definition ¥ | = | WALibran\Huawei\ReactPow_Control
Event:
Configuration Script - Vents
. ) ) ) Matrices
[ out of Service [ A-stable integration algorithm
Parameter
Smax Maximum apparent power [p.u.] 11
Made Q/ Qpf /Qu/ Qp [0/1/2/3] 0,
Tadjust adjustment time [s] 10,
RateQ) Reactive power control ramp [Qmax/s] 1,25
Qmin Minimum reactive power [p.u.] -0,66
PFmin Minimum power factor [-] -0.8
Omax Maximum reactive power [p.u.] 0,66
PFrmax Maximum power factor [-] 0.8
Export to Clipboard Set to default Show Graphic
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dil Common Model - Templates\HW-VDE4110-SUN2000-40KTL-M3-V1_1\DynamicMeodel\P_Control.ElmDsl* X
Basic Data General Advanced 1 Advanced 2 Advanced 3
Description Mame P_Contml

Cancel
Maodel Definition ~ || = | . T\Librany\Library\Huawe\P_Control
Event
Configuration Script - Vet
Arrays/Matrices
[ Out of Service [ A-stable integration algorithm hd
Parameter
Mode Fixed active Pref / Active power percentage [0/1] 0,
Pmax Max active power value [p.u.] 1,1
RateP Active power control ramp rate limit [Prmax/s] 1,25
Export to Clipboard Set to default Show Graphic

dsl Common Medel - Templates\HW-VDE4110-SUN2000-40KTL-M3-V1_1\DynamicModehldq_Control.ElmDsl* *
Bacic Data General Advanced 1 Advanced 2 Advanced 3
Description R |

Cancel
Maodel Definition ~ || = | ..ry\Libran/\Huawe\Current_Coentrol
Event
Configuration Script = VEMS
Arrays/Matrices
[ Out of Service [ A-stable integration algorithm =
Parameter X

Smax Apparent power limit [p.u.] 1.1

imax Current limit [p.u.] 1.1

Unem Mominal line voltage [V] 400,

Tmu  Voltage filter time constant [s] 0,001

Tq Pre-fault reactive current time constant [s] 1,

Tec Equiv. converter reaction time [s] 0,001

Iq_pre Consider pre-fault reactive current [1/0] 1,

Ramp_| Past-fault current ramp rate [p.u.] 25

imax1 Current limit, symm. faults [p.u.] 1,

imax2 Positive current limit, unsymm. faults [p.u.] 1,

Id_lim Id limit, fault [p.u.] 01

imax2_neg MNegative current limit, unsymm. faults [p.u.] 1,

Ut_OV Reactive support, HVRT threshold [p.u.] 0,1

Ut_UV Reactive support, LVRT threshold [p.u.] 01

K_Hvrt HVRT Slope dig/du characteristic [ ] 2,

K_Lwrt LVRT Slope dig/du characteristic [ ] 2,

Ut_AVRT Reactive support, Voltage jump trigger threshaol... 005 ¥

Export to Clipboard Set to default Show Graphic
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Basic Data

Description

dsl Common Medel - Templates\HW-VDE4110-SUN2000-40KTL-M3-V1_1\DynamicModel\Protection.ElmDsl

General Advanced 1 Advanced 2 Advanced 3

Page 140 of 161

Mame |
Cancel
Model Definition ~ || = | .\Librany\Library\Huawei\Protection
Configuration Script Events
D Out of Service D A-stable integration algorithm Amrays/Matrices
Parameter &

Umax Over-voltage [p.u.] 1,12

Tmax Over-voltage time [s] 180,

Umax_|l Over-voltage_|l [p.u.] 1,25

Timax_ll Over-voltage_ll time [s] 66,

Umax_lll Over-veltage_lll [p.u.] 1,3

Tmax_lll Over-voltage_|Il time [s] 02

Umin Under-voltage [p.u.] 0,87

Tmin Under-voltage time [s] 66,

Umin_l Under-voltage_|l [p.u.] 08

Tmin_ll Under-voltage_|l time [s] g,

frmax Over-frequency [p.u.] 1,02

TF_max Over-frequency time [s] 1800,

frnax_ll Over-frequency_ll [p.u.] 1,03

T_max_|l Over-frequency_ll time [s] 01

fmin Under-frequency [p.u.] 0,98

TF_min Under-frequency time [s] 1800,

fmin_ll Under-frequency_|l [p.u.] 095 ¥

Export to Clipboard Set to default Show Graphic

X

Figure 24 — Common models from [18]
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Copyright © Bureau Veritas Consumer Products Services Germany GmbH
Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright © Bureau Veritas



$UVE

3
Thx
SYLL

1828

Annex to the Type Certificate no. 21-0001_0 Page 143 of 161
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4. Annex 4 — Validated simulation model

Figure 25 — Accessible parameters of the model from [18]
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4. Annex 4 — Validated simulation model

4.4. Model application guide

Adaption of model parameters for different PGU types
(see also chapter 4 in User Manual of the simulation model - Available model documentation)

The PowerFactory Static Generator can be parameterized according to Figure 18 & Figure 20 where exemplary
values are chosen. These parameters need to be adapted to the value of the specific PGU type (see Table 1).

Furthermore, for application of other inverter types in the product series following parameters (see Table 1) in
the DSL blocks need to be set accordingly.

Finally, the busbar (LV in Figure 22) voltage must be adjusted to the corresponding norminal voltage value (Unom)
as presented in Table 1 for the desired inverter type to be used.

Description of the steps for integration of the simulation model in a power generating system project
(Manufacturer’s information) [18]

(see also User Manual of the simulation model (Available model documentation)
1. Import the project “HW-VDE4110-SUN2000-40KTL-M3-ENCV1_1” (or later model version) into
PowerFactory 2019 SP1 (or later version).

2. Activate the power plant project. Copy the model template “HW-VDE4110-SUN2000-40KTL-M3-V1_1" in the
project “HW-VDE4110-SUN2000-40KTL-M3-ENCV1_1”" under the folder Library\Templates\ into the folder
Library\Templates\ of the power plant project.

3. Select the imported model template from the Drawing Tools tool-window (which appears by default on the
left-hand side of the graphic window in the PowerFactory 2021) and place the inverter model into the single-
line diagram.

Edit the parameters in the DLS models under guidance of manufacturer.
Edit the active and reactive power operating point on the Load Flow page of the static generator.
Calculate the load flow and ensure that there are no warnings or error messages.

Calculate the initial conditions (RMS simulation, symmetrical or unsymmetrical network representation,
recommended integration step size: 1 ms constant step size).

Define network events and select the variables to be recorded.
9. Start the simulation, plot result variables and observe the converter behaviour.

No ok

®
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Table 1 - Model parameters for different inverter types
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4. Annex 4 — Validated simulation model

4.5. Scope of the validation and plausibility tests [18]

The simulation model was checked for validity and plausibility according to TG 4 for following test scenarios:

e Validating P setpoint control and under-/overfrequency response measured according to TG3 Chapters
4.1.2 and 4.1.3 (chapter 3.1.2, 3.1.3 and 5.5.4.1 in [4])

e Validating the P-Q diagram measured according to TG3 Chapters 4.2.2 and 4.2.3 (chapter 3.2.1 and
5.5.2.1in[4])

e Validating the Q and cos¢ set-point control measured according to TG3 Chapters 4.2.4 (chapter 3.2.2 in
[4])
e Validating the protection relay measured according to TG3 Chapters 4.4 (chapter 3.4 in [4])
e Validating all TG3 FRT tests (chapter 3.3, 3.5 and 5 in [4])
e Plausibility tests on single model for different
o fault types;
voltage depth;
pre-fault voltages
pre-fault active powers
pre-fault reactive powers
o k-factors
(chapter 5.5.2 in [4])
¢ Plausibility checks of the steady-state operation (chapter 5.5.2.2 in [4])
e Plausibility tests for typical PGS configuration for different
o fault types;
voltage depth;
pre-fault voltages
pre-fault active powers
pre-fault reactive powers
o k-factors
(chapter 5.5.3.1 in [4])
e Simulating of unsuccessful automatic reconnection for typical PGS configuration (chapter 5.5.3.2 in [4])
For all the test scenarios the simulation ran stably without any error messages and showed satisfying behaviour.
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lation models (PGU) [18]

Ing simu

4.6. Results of Validat

Summary of validation results - SUN2000-40KTL-M3 (400 V)
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4. Annex 4 — Validated simulation model
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Figure 27 — Summary of vali
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5. Annex 5 - Certification-relevant parameters

Parameter list from:
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5. Annex 5 - Certification-relevant parameters
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5. Annex 5 - Certification-relevant parameters
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5. Annex 5 - Certification-relevant parameters
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5. Annex 5 - Certification-relevant parameters
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5. Annex 5 - Certification-relevant parameters

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright © Bureau Veritas




Page 160 of 161

SYLL

Annex to the Type Certificate no. 21-0001_0

I

U VE

<é§§>
BUREAU
VERITAS
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5. Annex 5 - Certification-relevant parameters

Figure 28 — Parameter list from [13]
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