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Detail of reference test report 

Test Report No. .......................... : PVTH2103WDG0205-1 

Total number of pages. .............. : 46 

Testing Laboratory...................... : Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch 
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Tested by .................................... : Lukes Lin 

Reviewed by ............................... : - 

Approved by Ken Chan 

Date of report issue .................... : 2021-06-17 

  

Test item description  .............. : Grid-tied photovoltaic inverter 

Trademark  ................................. : GOODWE 

Model and/or type reference  ..... : GW1500-XS 

  

Rating  

Input DC MPP voltage range [V] : 50-450 

Input DC voltage Max [V] ........... : 500 

Input DC current [A] .................... : 12.5 Max. 

Output AC voltage [V] ................. : 220/230Va.c., 50/60Hz 

Output AC current [A] ................. : 7.2 

Output power [kW] ...................... : 1.5 

Firmware Version V1.15.16 
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Summary of verification report 
 
Test result of report No.  PVTH2103WDG0205-1 was result of Photovoltaic Grid-Tied Inverter model   
GW1500-XS. It was verified by Electrical and Electronic Products Testing Center (PTEC) and complied 
according to Requirements on Grid Connection of Provincial Electricity Authority BE 2559 (2016) as 
following. 
 

No. Item 
Reference 
Report No. 

Standard 
Reference 

Verdict 

1 Active power control PVTH2103WDG0205-1 PEA Pass 

2 Reactive power control - - - 

2.1 A Fixed Displacement Factor cos θ  PVTH2103WDG0205-1 PEA Pass 

2.2 
A variable reactive power 
depending on the voltage Q(U)  

- - - 

3 Under/over frequency protection PVTH2103WDG0205-1 IEC 61727 Pass 

4 Voltage fluctuation PVTH2103WDG0205-1 IEC 61000-3-11 Pass 

5 Harmonics PVTH2103WDG0205-1 IEEE 1547.1 Pass 

6 DC injection PVTH2103WDG0205-1 IEC 61727 Pass 

7 Low voltage fault ride through - - - 

8 Under/over voltage protection PVTH2103WDG0205-1 IEC 61727 Pass 

9 Anti-islanding PVTH2103WDG0205-1 IEC 62116 Pass 

10 Response to utility recovery PVTH2103WDG0205-1 IEC 61727 Pass 

 
 
This report consists of the following document: 

1. Verification Result (11 Page) 
2. Attach Document Reference Report No. PVTH2103WDG0205-1 (46 Page) 

 
Standard Reference. 

- IEEE 1547.1 2005 Interconnecting Distributed Resources with Electric Power Systems 
- IEC 62116:2008: Utility-interconnected photovoltaic inverters - Test procedure of islanding 

prevention measures 
- IEC 61727 Photovoltaic (PV) systems - Characteristics of the utility interface 
- IEC 61000-3-11: Electromagnetic compatibility (EMC) - Part 3-11: Limits - Limitation of voltage 

fluctuations and flicker in low-voltage power supply systems for equipment with rated current > 75 A 
- PEA: Thailand according to the grid-connected inverter regulations of the Provincial Electricity 

Authority (PEA):2016 
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VERIFICATION REPORT 

Clause PEA Requirement Result – Remark Verdict 

8.1.2 Active Power Control 

The power generating system of VSPP 
must be capable of reducing electric power 
from 100 %to zero by decreasing 10  %
electric power per one minute .In this 
regard, if there is any abnormality occurred 
in the grid system or any incident 
considered by PEA as an impact affecting 
safety and stability of the grid system, PEA 
would inform and/or give an order to the 
VSPP to reduce electric power as 
appropriate . 

Active Power Control 

1) Requirement 

The requirements on Grid Connection of Provincial 
Electricity Authority 

 

2) Test result 

See Test report no : PVTH2103WDG0205-1, 

Page 40 

 

3) Verification test result 

 

The PV inverter is capable of reducing electric 
power from 100 %to zero by decreasing 10  %
electric power per one minute . 

 

 

Pass 

8.1.3 Reactive Power Control 

The power generating system of VSPP 
must be able to control power factor )PF (or 
reactive power to maintain voltage level at 
PCC aligned with PEA’s standards .The 
power generating system of service 
applicants must have capacity as stated in 
Table 1 . 

 

Reactive Power Control 

1) Requirement 

The requirements on Grid Connection of Provincial 
Electricity Authority 

 

2) Test result 

See Test report no : PVTH2103WDG0205-1, 

- Page 37 Reactive power capability 
- Page 38-39 A Fixed Displacement Factor cos 
θ test result . 

- No A variable reactive power depending on 
the voltage Q(U) test result. 

 

 

Pass 
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VERIFICATION REPORT 

Clause PEA Requirement Result – Remark Verdict 

  3) Verification test result 

3.1 Reactive power capability 

 

 

Pass 

 3.2 A Fixed Displacement Factor cos θ test 

 

* Inverter can’t control Power factor (PF) at power 
output up to 30% of rating. 

 

PF.  
Set point 

PF. Measurement* 

Max Min 

1.0 1.000 0.801 

0.95 lagging 0.999 0.873 

0.95 Leading 0.960 0.607 

*@Pout =10% to 100% 

*Pass 

 3.3 A variable reactive power depending on the 
voltage Q (U) test 

 

- 

 

 

- 
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VERIFICATION REPORT 

Clause PEA Requirement Result – Remark Verdict 

8.2 Under and Over Frequency Protection 

The power generating system of VSPP 
must disconnect itself from the grid system 
within 0.1 seconds if the frequency at PCC 
is not in the range of 47 Hz-52 Hz . 

Under and Over Frequency Protection 

1) Reference Standard 

IEC 61727 

 

2) Test result 

See Test report no:  PVTH2103WDG0205-1 

Page 27-28 

 

3) Verification test result 
 

 

 

Frequency 
at PCC 

Measured 

(Sec) 

Limit 
(Sec) 

Result 

f < 47 0.079 <0.1 Pass 

f > 52 0.073 <0.1 Pass 

Pass 

8.3 Voltage Fluctuation 

The power generating system of VSPP 
must not create voltage fluctuation 
exceeding the limit based on the PEA’s 
rules concerning the Regulations on Grid 
Connection B.E .2559 . 

 

Regulations on Grid Connection B .E.2559 . 

The operation of the inverter should not 
cause voltage flicker in excess of limits  : 

Short-term Severity Values (Pst) not 
exceed 1 .0 Long-term Severity Values (Plt) 
not exceed 0 .8 

 

 

 

 

 

 

 

 

 

 

 

 

 

Voltage Fluctuation 

1) Reference Standard 

IEC 61000-3-3 

 

2) Test result 

See Test report no : PVTH2103WDG0205-1, 

Page 13 
 

3) Verification test result 
 

Test item Limit Result Verdict 

Pst  1.0 0.08 Pass 

Plt 0.8 0.08 Pass 
 

Pass 
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VERIFICATION REPORT 

Clause PEA Requirement Result – Remark Verdict 

8.4 Harmonic   

The power generating system of VSPP 
must not inject harmonic current to the grid 
system exceeding the limit based on the 
PEA’s rules concerning the Regulations of 
Grid Connection B .E.2559 . 

Regulations of Grid Connection B .E.2559 . 

The Inverter output should have low 
current-distortion and low voltage distortion 
levels to ensure that no adverse effects are 
caused to other equipment connected to 
the utility system   .Each individual harmonic 
shall be limited to the listed in Table 5.1 
and Table 5-2 of attach 4. 

 

 

 

Harmonics  

1) Reference Standard   
IEEE1547.1-2005 

Total harmonic current distortion is less than 5  %at 
rated inverter output 

Individual harmonics don ’t exceed the given 
distortion limit 

 

2) Test result  

See Test report no : PVTH2103WDG0205-1,  

Page 15 - 20 

 

3) Verification test result 
 
 

%Pout THD 

(<5%) 

THDi  Verdict 

33% 0.899 THDi in each 
harmonic does 
not exceed in 

table 5-1 

Pass 

66% 1.152 Pass 

100% 1.964 Pass 

 

Item Verdict 

THDv in each harmonic does 
not exceed in table 5-2 

Pass 

Total harmonic voltage 
distortion less than 5 % 

0.040 

 

 

 

Pass 
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VERIFICATION REPORT 

Clause PEA Requirement Result – Remark Verdict 

8.5 DC Injection 

The power generating system of VSPP 
must not supply direct current to the grid 
system exceeding the limit based on the 
PEA’s regulations concerning the 
Regulations on Grid Connection B.E.2559. 

 

Regulations on Grid Connection B.E.2559. 

The inverter shall not inject DC current 
greater than 0.5 % of the rated inverter 
output current, into the utility AC interface 
under any operating condition. 

 

 

 

 

 

DC Injection  

1) Referrence Standard 

IEC 61727 

 

2) Test result 

See Test report no:  PVTH2103WDG0205-1, 

Page 15 

 

3) Verification test result 

Output 
Power 

Limit Max.DC Verdict 

33% 0.5% 0.24% Pass 

66% 0.5% 0.31% Pass 

100% 0.5% 0.35% Pass 
 

Pass 
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VERIFICATION REPORT 

Clause PEA Requirement Result – Remark Verdict 

12.1 Low Voltage Fault Ride Through 

The power system of VSPP must not 
disconnect itself from the grid system within 
the required period during temporary low 
voltage of the grid system  .The voltage at 
PCC is determined as shown in Table Fault 
Ride Through 

 

Duration of Low Voltage Fault Ride 
Through 

Voltage at PCC Duration 
Time 
(Second) 

1)  Low voltage  

2)  Moderate voltage or high 
voltage (electrical 
installation not exceeding 
500 kilowatt). 

Not 
required. 

3)  Moderate voltage or high 
voltage (electrical 
installation exceeding 500 
kilowatt). 

As 
shown in 
Picture 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Low Voltage Fault Ride Through 

1) Requirement 

The requirements on Grid Connection of Provincial 
Electricity 

Authority 

 

2) Test result 

 - 

 

3) Verification test result 

 

3.1) Output Power >0.9Pn 

 

Test V (V/Vn) 
Duration 
(mS) 

Limit 

(mS) 
verdict 

Three-
phase 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  

Phase 
to 
Phase 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  

Phase 
to 
ground 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  

 

3.2) Output Power 0.3Pn 

 

Test V (V/Vn) 
Duration 
(mS) 

Limit 

(mS) 
verdict 

Three-
phase 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  

Phase 
to 
Phase 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  

Phase 
to 
ground 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  
 

- 
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VERIFICATION REPORT 

Clause PEA Requirement Result – Remark Verdict 

  3.3) Output Power 0.1Pn 

 

Test  V (V/Vn) Duration 
(mS) 

Limit 

(mS) 

verdict 

Three-
phase 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  

Phase 
to 
Phase 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  

Phase 
to 
ground 
faults 

0.7-0.8 Vn  >993.75  

0.3-0.5 Vn  >150  

0-0.049Vn  >150  

 

 

- 

12.2 Under and Over Voltage Protection 

The power system of VSPP must 
disconnect itself from the grid system if 
voltage level of line to neutral in the utility 
system is out of ranges as stated in Table 
3. 

 

 

Under and Over Voltage Protection 

1) Reference Standard 

IEC 61727 

 

2) Test result 

See Test report no: PVTH2103WDG0205-1 

Page 21-24 

 

3) Verification test result 

 

Voltage at PCC 
Max 

Meas. 
(Sec) 

Limit 
(Sec) 

Result 

V < 50%  0.226 <0.3 Pass 

50% ≤ V< 90%  1.97 <2.0 Pass 

90% ≤ V ≤ 110%  No trip Cont. Pass 

110% < V < 120%  0.526 <1.0 Pass 

V ≥ 120%  0.102 <0.16 Pass 

 

 

Pass 
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VERIFICATION REPORT 

Clause PEA Requirement Result – Remark Verdict 

12.3 Anti-Islanding 

In order to prevent anti-islanding while 
there is no electricity in grid system to be 
supplied to the power system of VSPP, the 
power generating system of VSPP must 
disconnect itself from the utility system 
within 1 seconds. 

Anti-Islanding 

1) Reference Standard 
IEC 62116 
 
2) Test result 
See Test report no:  PVTH2103WDG0205-1 
Page 30-36 
 
3) Verification test result 
 

 
 
 

% Off 
Poutrating 

Maximum 
Runtime 

(Sec) 

Limit 

(Sec) 

Result 

100 0.234 < 1.0 Pass 

66 0.296 < 1.0 Pass 

33 0.189 < 1.0 Pass 

Pass 

12.4 Response to Utility Recovery 

After the power generating system of VSPP 
disconnect itself from the grid system 
because of power outage or 
voltage/frequency is out of the ranges, 
when the grid system is back to normal, the 
power system of VSPP must delay the time 
to reconnect itself to the grid system at a 
minimum of 20 seconds to 5 minutes. 

Response to Utility Recovery 

1) Reference Standard 
IEC 61727 
 
2) Test result 
See Test report no:  PVTH2103WDG0205-1 
Page 21-22, 25-27, 29 
 

3) Verification test result 

 
 

Limit 
Recovery time 
(Sec) 

Max. 
Mesurement 

Recovery time 

(Sec) 

Result 

20 - 300 133 Pass 

Pass 

 
 
 

 
 
 

----------------------------------------------- END OF REPORT ------------------------------------ 
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TEST REPORT 
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Characteristics of the utility interface 
Test procedure of islanding prevention measures for  

utility-interconnected photovoltaic inverters 
  

  

Report reference number .............. : PVTH2103WD G0205-1 

Date of issue .......................... ……...: 2021-06-17 
  

  

Testing laboratory name ............... : Bureau Ve ritas Shenzhen Co., Ltd. Dongguan Branch 

Address ............................................ : No. 96, Guantai Road (Houjie Section), Houjie Town, Dongguan City, 
Guangdong Province, 523942, People’s Republic of China 
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Applicant's name ............................ :  JIANGSU GOODWE POWER SUPPLY TECHNOLOGY CO., LTD 

Address ............................................ : No .90 ZiJin Rd, New District, Suzhou,215011,China 
  

Test specification  

Standard ........................................... : IEC 61727:2004, IEC 62116:2008,  

Deviations for Thailand according the grid-connected inverter 
regulations of the Provincial Electricity Authority (PEA:2016) 

  

  

Test Report Form No. ...................... : IEC61727/IEC62116_PEA VER.2 

TRF Originator ................................. : Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch 

Master TRF ...................................... : Dated 2020-03-20 
  

  

Test item description  ..................... : Grid-tied photovoltaic inverter 

Trademark ........................................ : 

 

Model / Type .................................... : GW1500-XS 
This report is governed by, and incorporates by reference, CPS Conditions of Service as posted at the date of issuance of this report at http://www.bureauveritas.com/home/about-us/our-
business/cps/about-us/terms-conditions/and is intended for your exclusive use. Any copying or replication of this report to or for any other person or entity, or use of our name or trademark, is permitted 
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Ratings ........................................... . : GW1500-XS 

Input DC voltage [V] ......................... : 500 Max. 

MPP DC voltage range [V] ............... : 50-450 

Input DC current [A] ......................... : 12,5 Max. 

Isc PV  [A]......................................... : 15,6 

Output AC voltage [V] ...................... : 220/230Va.c., 50/60Hz 

Max. Output AC current [A] .............. : 7,2 

Rated Output power [kVA] ............... : 1,50 

Max Output power [kVA] .................. : 1,65 
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Testing Location ............................ : She nzhen Academy of Metrology & Quality Inspection 

Address ............................................ : Guangming Experimental Base:Building 6,Houhai Xufa Industrial 
Park,Loucun,Xinhu street,Guangming District,Shenzhen 

  

 
Tested by 
(name and signature) ....................... : 

 
 
Lukes Lin 
 

 

 
 
 
Approved by 
(name and signature) ....................... : 
 
 
 

 
 
 
 
Ken Chan 
 
 

 

  

Manufacturer’s name ..................... : JIANGSU  GOODWE POWER SUPPLY TECHNOLOGY CO., LTD 

Factory address ............................... : No .90 ZiJin Rd, New District, Suzhou,215011,China 

Manufacturer’s name ..................... : GoodWe (GuangDe) Power Supply Technology Co., Ltd 

Factory  address ...............................  No.208,Tong Rui East Road, Guangde, Anhui, China 

 
 

Document History 

Date Internal reference Modification / Change / Sta tus Revision  

2021-06-17 Lukes Lin Initial report was written 0 

Supplementary information: 
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Test items particulars  
  

  

Equipment mobility ........................... : Permanent connection 

Operating condition .......................... : Continuous 

Class of equipment .......................... : Class I 

Protection against ingress of water .. : IP65 according to EN 60529 
  

  

Test case verdicts  

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

Test item does meet 
the requirement ................................ : P(ass) 

Test item does not meet 
the requirement ................................ : F(ail) 

  

  

Testing  

Date of receipt of test item ............... : 2021-02-24 

Date(s) of performance of test ......... : 2021-02-24 to 2021-06-17 
  

  

General remarks: 

The test result presented in this report relate only to the object(s) tested. 
This report must not be reproduced in part or in full without the written approval of the issuing testing 
laboratory. 

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

Throughout this report a comma is used as the decimal separator. 

This Test Report consists of the following document s: 

1. Test Results 

2. Annex No. 1 – Pictures of the unit 

3. Annex No. 2 –Test equipment list 
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General product information: 

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 input and 
output towards mains. The output is switched off redundant by the high power switching bridge and two relay 
in series. This assures that the opening of the output circuit will also operate in case of one error. 

 
Figure 1-Block diagram 

 

The internal control is redundant built, lt consists of master controller(U501) and slave controller(U600), the 
master controller(U501) can control relays, measures voltage, frequency, AC current with injected DC, 
insulation resistance and residual current, The slave controller (U600) can control the relays, measures the 
voltage and frequency, Both controllers communicate with each other, 

The voltage and frequency measurement is achieved with resistors in serial which are connected directly to 
line and neutral, Both controllers get these signals and calculate the data, 

The unit provides two relays in series in each phase, The relays are tested before each start up, In addition 
the power bridge can be stopped by both controllers. 
 
The product was tested on: 

Hardware: 290-10156-08 

Software: V1.15.16 
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Interface protection settings with deviations accor ding the grid- connected inverter regulations of the  
Provincial Electricity Authority (PEA:2016) 

(Thailand PEA) 

Parameter Max. clearance time* Trip setting 

Over voltage (level 2) 0,16s 220V +20% (264V) 

Over voltage (level 1) 1,0s 220V +10% (242V) 

Under voltage (level 1) 2,0s 220V -10% (198V) 

Under voltage (level 2) 0,3s 220V -50% (110V) 

Over frequency 0,1s 50Hz +4% (52,0Hz) 

Under frequency 0,1s 50Hz -6% (47,0Hz) 

Reconnection time 20s - 5min 

Permanent DC-injection 0,5% of rated inverter output current 

Loss of main IEC 62116:2008 Inverter shall detect and disconnect within 1s 

* Trip time refers to the time between the abnormal condition occurring and the inverter ceasing to energize 
the utility line. The PV system control circuits shall actually remain connected to the utility to allow sensing of 
utility electrical conditions for use by the “reconnect” feature. 
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IEC61727:2004 

Clause Requirement – Test  Result – Remark  Verdict 

SECTION 4: Utility compatibility  
4 General  

The quality of power provided by the PV system for the 
on-site AC loads and for power delivered to the utility is 
governed by practices and standards on voltage, flicker, 
frequency, harmonics and power factor. Deviation from 
these standards represents out-of-bounds conditions 
and may require the PV system to sense the deviation 
and properly disconnect from the utility system. 
All power quality parameters (voltage, flicker, frequency, 
harmonics, and power factor) must be measured at the 
utility interface/ point of common coupling unless 
otherwise specified. 

Noticed P 

4.1 Voltage, current and frequency  
The PV system AC voltage, current and frequency shall 
be compatible with the utility system. 

Derived from tests  P 

4.2 Normal voltage operating range  
Utility-interconnected PV systems do not normally 
regulate voltage; they inject current into the utility. 
Therefore, the voltage operating range for PV inverters 
is selected as a protection function that responds to 
abnormal utility conditions, not as a voltage regulation 
function. 

Derived from tests  P 

4.3 Flicker  
The operation of the PV system should not cause 
voltage flicker in excess of limits stated in the relevant 
sections of IEC 61000-3-3 for systems less than 16 A or 
IEC 61000-3-5 for systems with current of 16 A and 
above. 

See table 4.3 
 

P 

4.4 DC injection  
The PV system shall not inject DC current greater than 
0,5% of the rated inverter output current, into the utility 
AC interface under any operating condition. 

The following deviations 
were used: 
Provincial Electricity 
Authority (PEA:2016) 
 
See table 4.4 

P 

4.5 Normal frequency  operating range  
The PV system shall operate in synchronism with the 
utility system, and within the frequency trip limits defined 
in 5.2.2. 

The following deviations 
were used: 
Provincial Electricity 
Authority (PEA:2016) 
 
See table 5.2.2 

P 
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IEC61727:2004 

Clause Requirement – Test  Result – Remark  Verdict 

SECTION 4: Utility compatibility  
4.6 Harmonics and waveform distortion  

Low levels of current and voltage harmonics are 
desirable; the higher harmonic levels increase the 
potential for adverse effects on connected equipment. 
Acceptable levels of harmonic voltage and current 
depend upon distribution system characteristics, type of 
service, connected loads/apparatus, and established 
utility practice. 
The PV system output should have low current-
distortion levels to ensure that no adverse effects are 
caused to other equipment connected to the utility 
system. 
Total harmonic current distortion shall be less than 5 % 
at rated inverter output. Each individual harmonic shall 
be limited to the percentages listed in Table 1. 
Even harmonics in these ranges shall be less than 
25 % of the lower odd harmonic limits listed. (see 
Clause 4.6 Table 1 – Current distortion limits) 

The following deviations 
were used: 
Provincial Electricity 
Authority (PEA:2016) 
 
See tables 4.6 (1) and  
4.6 (2) 
 

P 

4.7 Power factor  
The PV system shall have a lagging power factor 
greater than 0,95 when the output is greater 
than 50 % of the rated inverter output power.  

See table 3.4 P 
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IEC61727:2004 

Clause Requirement – Test  Result – Remark  Verdict 

SECTION 5: Personnel safety and equipment protectio n 
5 General  

This Clause provides information and considerations for 
the safe and proper operation of the utility-connected 
PV systems. 

Noticed P 

5.1 Loss of utility voltage  
To prevent islanding, a utility connected PV system shall 
cease to energize the utility system from a de-energized 
distribution line irrespective of connected loads or other 
generators within specified time limits. 
A utility distribution line can become de-energized for 
several reasons. For example, a substation breaker 
opening due to fault conditions or the distribution line 
switched out during maintenance. 
If inverters (single or multiple) have DC SELV input and 
have accumulated power below 1 kW then no 
mechanical disconnect (relay) is required. 

The following deviations 
were used: 
Provincial Electricity 
Authority (PEA:2016) 

P 

5.2 Over/under voltage and frequency  
Abnormal conditions can arise on the utility system that 
requires a response from the connected photovoltaic 
system. This response is to ensure the safety of utility 
maintenance personnel and the general public, as well 
as to avoid damage to connected equipment, including 
the photovoltaic system. The abnormal utility conditions 
of concern are voltage and frequency excursions above 
or below the values stated in this Clause, and the 
complete disconnection of the utility, presenting the 
potential for a distributed resource island. 

The following deviations 
were used: 
Provincial Electricity 
Authority (PEA:2016) 
 
See table 5.2.1 and 5.2.2 

P 

5.2.1 Over/under voltage  
When the interface voltage deviates outside the 
conditions specified in Table 2, the photovoltaic system 
shall cease to energize the utility distribution system. 
This applies to any phase of a multiphase system. 
All discussions regarding system voltage refer to the 
local nominal voltage. The system shall sense abnormal 
voltage and respond. The following conditions should be 
met, with voltages in RMS and measured at the point of 
utility connection. 
(see clause 5.2.1 Table 2 – Response to abnormal 
voltages) 
The purpose of the allowed time delay is to ride through 
short-term disturbances to avoid excessive nuisance 
tripping. The unit does not have to cease to energize if 
the voltage returns to the normal utility continuous 
operation condition within the specified trip time. 

The following deviations 
were used: 
Provincial Electricity 
Authority (PEA:2016) 
 
See table 5.2.1 

P 
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IEC61727:2004 

Clause Requirement – Test  Result – Remark  Verdict 

SECTION 5: Personnel safety and equipment protectio n 
5.2.2 Over/under frequency  

When the utility frequency deviates outside the specified 
conditions the photovoltaic system shall cease to 
energize the utility line. The unit does not have to cease 
to energize if the frequency returns to the normal utility 
continuous operation condition within the specified trip 
time. 
When the utility frequency is outside the range of 
±1 Hz, the system shall cease to energize the utility line 
within 0,1 s. The purpose of the allowed range and time 
delay is to allow continued operation for short-term 
disturbances and to avoid excessive nuisance tripping in 
weak-utility system conditions. 

The following deviations 
were used: 
Provincial Electricity 
Authority (PEA:2016) 
 
See table 5.2.2 

P 

5.3 Islanding protection  
The PV system must cease to energize the utility line 
within 1 s of loss of utility. 

The following deviations 
were used: 
Provincial Electricity 
Authority (PEA:2016) 
 
See table 6.1 

P 

5.4 Response to utility reco very  
Following an out-of-range utility condition that has 
caused the photovoltaic system to cease energizing, the 
photovoltaic system shall not energize the utility line for 
20 s to 5 min after the utility service voltage and 
frequency have recovered to within the specified 
ranges. 

See table 5.2.1 and  
5.2.2 

P 

5.5 Earthing  
The utility interface equipment shall be 
earthed/grounded in accordance with 
IEC 60364-7-712. 

Stated in the manual. P 

5.6 Short circuit protection  
The photovoltaic system shall have short-circuit 
protection in accordance with IEC 60364-7-712. 

Stated in the manual. P 

5.7 Isolation and switching  
A method of isolation and switching shall be provided in 
accordance with IEC 60364-7-712. 

Stated in the manual. P 
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Test overview: 
 

IEC 61727:2004 

Clause Type Test Result 

4 Type test: 

4.3 Voltage Fluctuations and Flicker  P 

4.4 Monitoring of DC-Injection P 

4.5 Normal frequency operating range (see 5.2.2 below) P 

4.6 Harmonics and waveform distortion P 

4.7 Power factor P 

5.2.1 Voltage monitoring P 

5.2.2 Frequency monitoring  P 

 

IEC 62116:2008 

Clause Type Test Result 

6.1 
Islanding protection according table 6 - Load imbalance (real, reactive load) 
for test condition A (EUT ouput = 100%) 

P 

6.1 
Load imbalance (reactive load) for test condition B (EUT output = 50 % – 66 
%) 

P 

6.1 
Load imbalance (reactive load) for test condition C (EUT output = 25 % – 33 
%) 

P 

 
Deviations for Thailand according the grid -connected inverter regulations of the  

Provincial Electricity Authority (PEA:2016) 

Clause Type Test Result 

3.4 Reactive power control 

3.4.1, 
8.1.2  

A fixed displacement factor cos�  P 

3.4.2, 
8.1.2  

A variable reactive power depending on the voltage Q(U) N/A 

3.5, 12.1 Active power control P 

3.6, 12.2 Low voltage fault ride through capability N/A 
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Test Results 
 

 
 
4.3 Voltage fluctuation and flicker 
3.2, 8.3 Voltage Fluctuation Regulation (PEA 2016) 
 

P 

Test conditions: Maximum permissible voltage fluctuation (expressed as a percentage of 
nominal voltage at 100 % power) and flicker as per EN 61000-3-3 

 Starting Stopping Running 

Limit 3,3% 3,3% Pst=1,0 Plt=0,65 

Test value * * * * 

 

inverter �ø 16A 
 

Limit dc% = 3,3 Pst=1,0 Plt=0,65 

Test value See below 

 

 
 

Note:  
*The stationary deviance of dc% is more relevant than the dynamic deviance of dmax at starting and stopping. 
 
Mains Impedance according EN61000-3-3:  Rmax = 0,24� ; jX max= 0,15�  @50Hz (|Zmax| = 0,283 � ) 
for single phase inverter use also  R n = 0,16� ; jXn= 0,1�  
 
Calculation of the maximum permissible grid impedance at the point of common coupling based on dc: 
Zmax = Zref * 3,3% / dc(Pn) 
 

The tests should be based on the limits of the EN 61000-3-3 for �Oess than 16A. 
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4.4 Monitoring of Permanent DC-Injection 
3.3, 8.5 Direct Current Dispatch to the Power Netwo rk System (PEA:2016) 
 

P 

 

PEA Limit: 0,5% of I nom  :34mA 

Output power: 33% 66% 100% 

Max. test value (mA): 16 21 24 

Mean test value(mA) : 5 4 8 

Diagram of permanent DC-injection 

 

Note:  
Testing must be performed according to WI 10.4.-03.doc rev D. The internal temperature of the EUT must be 
stabilized. No temperature drift of more than 2K within 1 hour is allowed. 
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4.6 Harmonic Current Limit Test 
the grid-connected inverter regulations of the Prov incial Electricity Authority (PEA:2016) 
 

P 

33% Output Power  
Watts (kW) 0,495 
VA (kVA) 0,502 
Vrms (V) 220,05 
Arms (A) 2,282 

PF 0,9851 
Frequency (Hz) 50,00 

THD50 (%) 0,899 

Harmonics Current Magnitude [A] % of Rated Current Phase 
Harmonic 
Current 

Limits [%] 
1st 2,282  33,462  Single Phase -- 
2nd 0,021  0,314  Single Phase 1 
3rd 0,049  0,725  Single Phase 4 
4th 0,006  0,095  Single Phase 1 
5th 0,011  0,160  Single Phase 4 
6th 0,010  0,143  Single Phase 1 
7th 0,012  0,169  Single Phase 4 
8th 0,008  0,118  Single Phase 1 
9th 0,009  0,128  Single Phase 4 
10th 0,005  0,078  Single Phase 1 
11th 0,006  0,088  Single Phase 2 
12th 0,003  0,050  Single Phase 0,5 
13th 0,006  0,094  Single Phase 2 
14th 0,003  0,046  Single Phase 0,5 
15th 0,006  0,085  Single Phase 2 
16th 0,002  0,034  Single Phase 0,5 
17th 0,004  0,055  Single Phase 1,5 
18th 0,002  0,029  Single Phase 0,375 
19th 0,004  0,056  Single Phase 1,5 
20th 0,002  0,032  Single Phase 0,375 
21th 0,004  0,055  Single Phase 1,5 
22th 0,002  0,025  Single Phase 0,375 
23th 0,003  0,039  Single Phase 0,6 
24th 0,002  0,028  Single Phase 0,15 
25th 0,003  0,038  Single Phase 0,6 
26th 0,002  0,032  Single Phase 0,15 
27th 0,003  0,038  Single Phase 0,6 
28th 0,002  0,027  Single Phase 0,15 
29th 0,002  0,028  Single Phase 0,6 
30th 0,001  0,022  Single Phase 0,15 
31th 0,002  0,025  Single Phase 0,6 
32th 0,001  0,022  Single Phase 0,15 
33th 0,002  0,022  Single Phase 0,6 
34th 0,001  0,020  Single Phase 0,15 
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35th 0,001  0,020  Single Phase 0,3 
36th 0,001  0,021  Single Phase 0,075 
37th 0,002  0,022  Single Phase 0,3 
38th 0,001  0,020  Single Phase 0,075 
39th 0,002  0,029  Single Phase 0,3 
40th 0,002  0,025  Single Phase 0,075 
41th 0,002  0,026  Single Phase N/A 
42th 0,001  0,019  Single Phase N/A 

43th 0,001  0,017  Single Phase N/A 

44th 0,001  0,018  Single Phase N/A 

45th 0,001  0,016  Single Phase N/A 

46th 0,004  0,054  Single Phase N/A 

47th 0,001  0,019  Single Phase N/A 

48th 0,004  0,059  Single Phase N/A 

49th 0,001  0,022  Single Phase N/A 

50th 0,001  0,017  Single Phase N/A 
 

66% Output Power  
 

Watts (kW) 0,987 
VA (kVA) 0,989 
Vrms (V) 220,06 
Arms (A) 4,493 

PF 0,9981 
Frequency (Hz) 50,00 

THD50 (%) 1,152 

Harmonics Current Magnitude [A] % of Rated Current Phase 
Harmonic 
Current 

Limits [%] 
1st 4,492  65,887  Single Phase -- 
2nd 0,042  0,610  Single Phase 1 
3rd 0,060  0,878  Single Phase 4 
4th 0,006  0,091  Single Phase 1 
5th 0,015  0,227  Single Phase 4 
6th 0,008  0,118  Single Phase 1 
7th 0,008  0,116  Single Phase 4 
8th 0,007  0,102  Single Phase 1 
9th 0,007  0,104  Single Phase 4 
10th 0,006  0,082  Single Phase 1 
11th 0,008  0,115  Single Phase 2 
12th 0,004  0,055  Single Phase 0,5 
13th 0,005  0,070  Single Phase 2 
14th 0,004  0,052  Single Phase 0,5 
15th 0,004  0,060  Single Phase 2 
16th 0,003  0,046  Single Phase 0,5 
17th 0,004  0,058  Single Phase 1,5 
18th 0,003  0,041  Single Phase 0,375 
19th 0,003  0,042  Single Phase 1,5 
20th 0,003  0,040  Single Phase 0,375 
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21th 0,003  0,043  Single Phase 1,5 
22th 0,002  0,036  Single Phase 0,375 
23th 0,004  0,052  Single Phase 0,6 
24th 0,002  0,030  Single Phase 0,15 
25th 0,003  0,047  Single Phase 0,6 
26th 0,002  0,036  Single Phase 0,15 
27th 0,003  0,043  Single Phase 0,6 
28th 0,002  0,028  Single Phase 0,15 
29th 0,003  0,044  Single Phase 0,6 
30th 0,002  0,024  Single Phase 0,15 
31th 0,002  0,029  Single Phase 0,6 
32th 0,002  0,024  Single Phase 0,15 
33th 0,002  0,024  Single Phase 0,6 
34th 0,002  0,025  Single Phase 0,15 
35th 0,001  0,022  Single Phase 0,3 
36th 0,002  0,025  Single Phase 0,075 
37th 0,002  0,027  Single Phase 0,3 
38th 0,002  0,036  Single Phase 0,075 
39th 0,002  0,029  Single Phase 0,3 
40th 0,001  0,021  Single Phase 0,075 
41th 0,001  0,022  Single Phase N/A 
42th 0,001  0,016  Single Phase N/A 

43th 0,001  0,016  Single Phase N/A 

44th 0,001  0,015  Single Phase N/A 

45th 0,001  0,016  Single Phase N/A 

46th 0,004  0,052  Single Phase N/A 

47th 0,001  0,019  Single Phase N/A 

48th 0,004  0,056  Single Phase N/A 

49th 0,001  0,022  Single Phase N/A 

50th 0,001  0,015  Single Phase N/A 
 

100% Output Power  
Watts (kW) 1,503 
VA (kVA) 1,504 
Vrms (V) 220,08 
Arms (A) 6,833 

PF 0,9995 
Frequency (Hz) 50,00 

THD50 (%) 1,964 

Harmonics Current Magnitude [A] % of Rated Current Phase 
Harmonic 
Current 

Limits [%] 
1st 6,832  100,200  Single Phase -- 
2nd 0,064  0,932  Single Phase 1 
3rd 0,110  1,619  Single Phase 4 
4th 0,005  0,077  Single Phase 1 
5th 0,033  0,482  Single Phase 4 
6th 0,007  0,100  Single Phase 1 
7th 0,009  0,128  Single Phase 4 
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8th 0,005  0,068  Single Phase 1 
9th 0,007  0,110  Single Phase 4 
10th 0,005  0,067  Single Phase 1 
11th 0,008  0,118  Single Phase 2 
12th 0,004  0,054  Single Phase 0,5 
13th 0,007  0,097  Single Phase 2 
14th 0,003  0,050  Single Phase 0,5 
15th 0,005  0,077  Single Phase 2 
16th 0,003  0,046  Single Phase 0,5 
17th 0,005  0,071  Single Phase 1,5 
18th 0,003  0,037  Single Phase 0,375 
19th 0,004  0,057  Single Phase 1,5 
20th 0,003  0,039  Single Phase 0,375 
21th 0,004  0,053  Single Phase 1,5 
22th 0,002  0,035  Single Phase 0,375 
23th 0,004  0,053  Single Phase 0,6 
24th 0,002  0,032  Single Phase 0,15 
25th 0,003  0,047  Single Phase 0,6 
26th 0,002  0,035  Single Phase 0,15 
27th 0,003  0,044  Single Phase 0,6 
28th 0,002  0,034  Single Phase 0,15 
29th 0,003  0,039  Single Phase 0,6 
30th 0,002  0,026  Single Phase 0,15 
31th 0,002  0,035  Single Phase 0,6 
32th 0,001  0,021  Single Phase 0,15 
33th 0,002  0,031  Single Phase 0,6 
34th 0,002  0,022  Single Phase 0,15 
35th 0,002  0,026  Single Phase 0,3 
36th 0,002  0,027  Single Phase 0,075 
37th 0,002  0,037  Single Phase 0,3 
38th 0,002  0,022  Single Phase 0,075 
39th 0,002  0,032  Single Phase 0,3 
40th 0,001  0,019  Single Phase 0,075 
41th 0,002  0,026  Single Phase N/A 
42th 0,001  0,020  Single Phase N/A 
43th 0,002  0,023  Single Phase N/A 
44th 0,001  0,020  Single Phase N/A 
45th 0,001  0,020  Single Phase N/A 
46th 0,003  0,050  Single Phase N/A 
47th 0,002  0,023  Single Phase N/A 
48th 0,004  0,054  Single Phase N/A 
49th 0,002  0,024  Single Phase N/A 
50th 0,001  0,020  Single Phase N/A 

Note:  The harmonics are tested and evaluated according the IEEE1547.1-2005 clause 5.11.1 according the 
grid-connected inverter regulations of the Provincial Electricity Authority (PEA:2016). 
 
 
 
 



  Report No.: PVTH2103WDG0205-1 
 

Bureau Veritas Shenzhen Co., Ltd.  
Dongguan Branch 

No. 96, Guantai Road (Houjie Section), Houjie 
Town, Dongguan City, Guangdong Province, 

523942, People’s Republic of China 

Tel: +86 769 8998 2098 
Fax: +86 769 8599 1080 

Email: customerservice.dg@bureauveritas.com 
             Page 19 of 46                 TRF No. IEC61727/IEC62116_PEA VER.2 

 

 
4.6 Harmonic Voltage Limit Test 
the grid-connected inverter regulations of the Prov incial Electricity Authority (PEA:2016)  
 

P 

Vrms (V) 220,08 
Frequency (Hz) 50,00 

THD50 (%) 0,040 
Harmonics Voltage Magnitude [V] % of Rated Voltage Phase Limits [%] 

2nd 0,022  0,010  Single Phase 0,2 
3rd 0,062  0,028  Single Phase 4 
4th 0,003  0,002  Single Phase 0,2 
5th 0,013  0,006  Single Phase 4 
6th 0,005  0,002  Single Phase 0,2 
7th 0,033  0,015  Single Phase 4 
8th 0,004  0,002  Single Phase 0,2 
9th 0,018  0,008  Single Phase 2 
10th 0,006  0,003  Single Phase 0,2 
11th 0,013  0,006  Single Phase 0,1 
12th 0,005  0,002  Single Phase 0,1 
13th 0,008  0,003  Single Phase 0,1 
14th 0,006  0,003  Single Phase 0,1 
15th 0,007  0,003  Single Phase 0,1 
16th 0,005  0,002  Single Phase 0,1 
17th 0,007  0,003  Single Phase 0,1 
18th 0,005  0,002  Single Phase 0,1 
19th 0,010  0,004  Single Phase 0,1 
20th 0,005  0,002  Single Phase 0,1 
21th 0,008  0,004  Single Phase 0,1 
22th 0,005  0,002  Single Phase 0,1 
23th 0,005  0,002  Single Phase 0,1 
24th 0,005  0,002  Single Phase 0,1 
25th 0,004  0,002  Single Phase 0,1 
26th 0,005  0,002  Single Phase 0,1 
27th 0,004  0,002  Single Phase 0,1 
28th 0,005  0,002  Single Phase 0,1 
29th 0,005  0,002  Single Phase 0,1 
30th 0,007  0,003  Single Phase 0,1 
31th 0,006  0,003  Single Phase 0,1 
32th 0,007  0,003  Single Phase 0,1 
33th 0,008  0,004  Single Phase 0,1 
34th 0,009  0,004  Single Phase 0,1 
35th 0,006  0,003  Single Phase 0,1 
36th 0,006  0,003  Single Phase 0,1 
37th 0,007  0,003  Single Phase 0,1 
38th 0,004  0,002  Single Phase 0,1 
39th 0,011  0,005  Single Phase 0,1 
40th 0,004  0,002  Single Phase 0,1 
41th 0,009  0,004  Single Phase N/A 
42th 0,004  0,002  Single Phase N/A 
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43th 0,008  0,004  Single Phase N/A 
44th 0,004  0,002  Single Phase N/A 
45th 0,008  0,004  Single Phase N/A 
46th 0,005  0,002  Single Phase N/A 
47th 0,008  0,004  Single Phase N/A 
48th 0,005  0,002  Single Phase N/A 
49th 0,009  0,004  Single Phase N/A 
50th 0,004  0,002  Single Phase N/A 

Note:  The harmonics are tested and evaluated according the IEEE1547.1-2005 clause 5.11.1 according the 
grid-connected inverter regulations of the Provincial Electricity Authority (PEA:2016). 

 
 
 
 
4.7 Power factor(PEA) 
3.1, 8.4 Harmonic Regulation (PEA: 2016) 
 

P 

Test conditions:  

 Output power [kW]  
 
Test AC voltage [V] 

~10% 
 

~25% 
 

~50% 
 

~75% 
 

~100% 
 

220 -- -- -- -- -- 

Note: 

The PV system shall have a lagging power factor greater than 0,95 when the output is greater than 50% of 
the rated inverter output power. 

 

The letter “i” is short for “inductive” and indicates inductive power factor. In case of capacitive power factor 
the letter “c” is used instead. 

 

Test result refer to table 3.4.1, 8.1.2 1. 
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5.2.1 Voltage monitoring 
3.7, 12.3 Under and Over Voltage Protection (PEA:20 16) 
3.10, 12.5 Response to utility recovery (PEA:2016) 
 

P 

 

First Level (Phase to Neutral) 

Test 
conditions: 

Output power: 1,5kW 
Frequency: 50Hz 

 Under Voltage   Over Voltage  

Parameter  Voltage [V]  Voltage [V] 

Set value  198V  242V 

Measured trip 
value 

 

197,5 

 

243,3 

197,6 243,2 

197,5 243,3 

Parameter  Time [s]  Time [s] 

Limit  <= 2,0s  <= 1,0s 

Disconnetion 
time 

220V 
 to 203V 

(4s min) 
to 193V 

1,9700 220V 
 to 237V 

(2s min) 

 to 247V 

0,516 

1,9625 0,526 

1,9475 0,525 

Reconnection 
time 

20s - 5min 132s 20s - 5min 132s 
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Second Level (Phase to Neutral) 

Test 
conditions: 

Output power:1,5kW 
Frequency: 50Hz 

 Under Voltage  Over Voltage  

Parameter  Voltage [V]  Voltage [V] 

Set value  110V  264V 

Measured trip 
value  

109,9 

 

265,2 

110,0 265,2 

110,0 265,2 

Parameter  Time [ms]  Time [ms] 

Limit  <= 300ms  <= 160ms 

Disconnection 
time 

220V 
 to 203V 
(0.6s min) 
to 105V 

226 220V 
 to 237V 

(0.32s min) 
 to 269V 

92 

225 102 

211 87 

Reconnection 
time 

20s - 5min 133s 20s - 5min 132s 

Note:  
The tests are according PEA 8/9/2556. The voltage settings of the EUT are set for the tests as stated to 
198V, 110V for undervoltage and 242V, 264V for overvoltage.  
 
Response to utility recovery is according to the appropriate IEEE or IEC standard test methods. 
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Under Voltage First Level single phase  

 

Over voltage First Level single phase  

 

Note:  CH1: trip signal; CH2: grid voltage; CH6: Current of EUT 
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Under Voltage Second Level single phase 

 

Over voltage Second Level single phase 

 

Note:  CH1: trip signal; CH2: grid voltage; CH6: Current of EUT 




