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Copy of marking plate:

S¢YFAR

Solar Grid-tied Inverter

SYFAR

Solar Grid-tied Inverter
SO0L—AR

E =N

Model No. SOFAR 20000TL-G2
Max.DC Input Voltage 1100V
Operating MPPT Voltage Range 230V~ 960V
Max. nput Current aLe 210
Max. PV Isc 30A/30A

Max. Output Current 3x32A
Nominal Grid Frequency 50Hz/60Hz
Nominal Output Power 20000wW
Max. Output Power 22000VA

Ingress Protection IP65
Operating Temperature Range -25~+60°C
Protective Class Class |

Model No. SOFAR 25000TL-G2
Max.DC Input Voltage 1100V
Operating MPPT Voltage Range 230V ~ 960V
Max. Input Gurrent % 28A/25A
Max. PV Isc 35A/35A

Max. Output Current 3x40A
Nominal Grid Frequency 50Hz/60Hz
Nominal Output Power 25000wW
Max. Output Power 27500VA

Ingress Protection IP65
Operating Temperature Range -25~+60°C
Protective Class Class |

Manufacturer:Shenzhen SOFARSOLAR Co., Ltd.
Address:5/F,Building 4,Antongda Industrial park,NO.1 Liuxian Avenue, Xin'an
Street,Bao’an District, Shenzhen City,Guangdong Province,P.R.China

Manufacturer:Shenzhen SOFARSOLAR Co., Ltd.
Address:5/F,Building 4 Antongda Industrial park,NO.1 Liuxian Avenue, Xin'an
Street,Bao’an District, Shenzhen City, Guangdong Province,P.R.China
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SYFAR

Solar Grid-tied Inverter

sSoLAam/m

Model No. SOFAR 33000TL-G2
Max.DC Input Voltage 1100V
Operating MPPT Voltage Range 230V~ 960V
Mex. Input Current SUNEIA
Max. PV Isc 37.5A/37.5A

Max. Qutput Current 3x53A
Nominal Grid Frequency 50Hz/60Hz
Nominal Output Power 33000W
Max. Output Power 36300VA

Ingress Protection IP65
Operating Temperature Range -25~+60°C
Protective Class Class |

Manufacturer:Shenzhen SOFARSOLAR Co., Ltd.
Address:5/F,Building 4,Antongda Industrial park,NO.1 Liuxian Avenue,Xin'an
Street,Bao’an District,Shenzhen City,Guangdong Province,P.R.China
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Test item particulars..........cccoe :  Grid-connected PV Inverter
Class of equIpMeNt .........uuuvvviiiiiiiiiiiiiiiiiiiiiiiiiiees : Classl|

Connection to the MaiNS.............uvvieviiiiiiiiiiiiiiiiieens : Permanent connection

IP protection Class..........cccccccciiiiiiiiiiiiiiiieee . 1IP65

Possible test case verdicts:

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

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

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

- test object was not evaluated for the requirement...... N/E

- this clause is information for reference only.............. Info.

Testing:

Date of receipt of test item(s) ..........ccceeeeeeeeereenn.l 2018-09-28 (samples provided by applicant)
Dates tests performed............ccccccceeiviveeviveiiiennneeenn. . 2018-09-28 to 2018-10-27

General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

"(See attached table)" refers to a table appended to the report.

"(Appendix #)" refers to additional information appended to the report.

List of test equipment must be kept on file and available for review.

Additional test data and/or information provided in the attachments to this report.
Throughout this report a [_Jcomma / [X] point is used as the decimal separator.

Name and address of factory (ies):
Shenzhen SOFAR SOLAR Co., Ltd.

5/F, Building 4, Antongda Industrial Park, No.1 Liuxian Avenue, Xin’an Street, Bao’anDistrict, Shenzhen ,
P.R. China
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General product information:
The three-phase Grid-connected PV Inverter converts DC voltage into AC voltage.

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.
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The internal control is redundant built. It consists of Main DSP and slave DSP.

The Main DSP can control the relays, measures voltage, and frequency, AC current with injected DC,
insulation resistance and residual current; In addition it tests the array insulation resistance and the RCMU
circuit before each start up.

The slave DSP is using for detect residual current, also can open the relays independently and
communicate with Main DSP.

The unit provides two relays in series on Line 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 start up. Both controllers Main DSP, Slave DSP can
open the relays.

The product was tested on:

Hardware version: V1.00
Software version: V1.40

TRT No. EN50530_V1.0
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EN 50530

Clause Requirement - Test Result - Remark Verdict

4 MPPT and conversion efficiencies P

4.1 General description

The MPPT efficiency describes the accuracy of an
inverter to set its operating conditions to match the
maximum power point on the characteristic curve of a PV
generator. The MPPT efficiency is divided into the static
and dynamic conditions.

As with inverters with poor MPPT performance, the P
resulting DC input voltage is different from MPP voltage
and conversion efficiency depends on DC input voltage,
measurements of static MPPT efficiency and static power
conversion efficiency according to 4.3 shall be performed
simultaneously (detailed explanation in the informative
Annex F).

a) Static MPPT efficiency P

The static MPPT efficiency is determined by means of
measurement as follows:

1
= SUp., Iy, AT
NaprLstar Porors T Z pe.idpc
The static MPPT efficiency describes the accuracy of an
inverter to regulate on the maximum power point on a
given static characteristic curve of a PV generator.

b) Dynamic MPPT efficiency P

Variations of the irradiation intensity and the resulting
transition of the inverter to the new operation point are not
considered with the static MPPT efficiency. For the
evaluation of this transient characteristic the dynamic
MPPT efficiency is specified. The dynamic MPPT
efficiency is defined as:

1
= % UpeiIpei AT
Zﬂﬁ?..ﬂw.j "M—j %
J

NaprLam

4.2 Test set-up

The generic test set-up for single phase grid connected
inverters is depicted in Figure 1. The diagram can also be
considered as a single phase representation of a test-
circuit for multi-phase inverters.

EUT AC

v Grid

Simulator

Vol

L KPP, FY5 Mpe Pys

The DC source connected to the PV input of the inverter P
shall be a PV simulator in accordance to the
specifications in Clause A.1.

TRT No. EN50530_V1.0
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Clause

Requirement - Test

Result - Remark

Verdict

The AC supply of the inverter must be in accordance to
the specifications in Clause A.2.

For the conversion efficiency, the DC and AC voltages
shall be measured as close as possible to the inverter
terminals. For MPPT efficiency, the DC voltage shall be
measured as close as possible to the PV simulator. For
combined conversion and MPPT efficiency
measurements, two voltage measurements will be
required at the output of the PVS and the DC input of the
EUT, in order to avoid measurement errors resulting from
the voltage drop between the PVS and the EUT.

4.3

Conversion and static MPPT efficiency

43.1

Test conditions

The measurement of the conversion and static MPPT
efficiency shall be performed simultaneously with test
specifications as defined in Table 1.

For test devices with several independent input terminals,
the measurements must be performed for all input
configurations as intended by the manufacturer. Unless
otherwise provided by the manufacturer, the total power
must be split equally on the individual input terminals.

The measurement shall be performed at nominal grid
voltage Uac, in order to avoid any impact of the grid
voltage level on the measurement results. Deviations
must be documented in the measurement report.

The measurement should be performed at an ambient
temperature of 25 °C + 5 °C. Other ambient temperatures
can be mutually agreed. The actual ambient temperature
shall be specified in the test report.

4.3.2

Measurement procedure

For each of the above specified test conditions a
corresponding I/U characteristic has to be defined which
must be emulated by means of the PV simulator.

After commissioning the device under test the
stabilization of the MPP tracking must be awaited firstly.

The measuring time for each test condition as specified in
Table 1 amounts to 10 min. For the first power level of
each MPP voltage setting, the stabilisation of the MPPT-
tracker has to be awaited. If a stabilisation cannot be
observed a stabilisation time of at least 5 min is defined.

After a change of the power level a general stabilisation
period of 2 min should be used. Data recorded during the
stabilisation periods are not to be considered for the
calculation of the static MPPT and conversion efficiency.

TRT No. EN50530_V1.0
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EN 50530
Clause Requirement - Test Result - Remark Verdict
After the stabilisation of the MPP tracking the following P
parameters have to be logged:
—  Pwpppvs;
—  Poc;
—  Uwmpppvs;
—  lIvpppvs;
—  lbc;
—  Pac.
4.3.3 Evaluation - Calculation of conversion and static MPPT P
efficiency
For each measured power level according to Table 1, the | See attached table. P

conversion neon and static MPPT efficiency nueer shall be
calculated as energetic averages according to the
definitions 3.4.2 and 3.4.1. The results shall be
documented in the measuring report for each test
condition according to Table 1.

For each MPP voltage and each simulated 1/U See attached table. P
characteristic respectively the following particulars are to
be calculated and documented in the measuring report:

— the weighted European MPPT efficiency according to | See attached table. P
Annex D.1

— as well as the weighted CEC MPPT efficiency See attached table. P
(California Energy Commission) according to Annex
D.2.

Furthermore, maodifications of the internal setting of the P

device under test, conspicuous behaviour during the
measurement as well as variations from the defined
procedure are to be documented.

4.4 Dynamic MPPT efficiency P
441 Dynamic MPPT efficiency
The measurement of the dynamic MPPT efficiency has to | See attached Table B.1 to P

be performed according to the test conditions as outlined | Table B.3.
in the tables in Annex B.

The dynamics of the test sequences are generated by P
changes in solar irradiance. Measurements shall be
performed with c-Si PV model as a basis and can
additionally be made with TF model (see Table C.1). The
chosen model (PV technology) shall be documented in
the report.

Dynamic MPPT efficiency test must be performed at rated P
DC voltage. For test devices with several independent
input terminals, the measurements must be performed for
all input configurations as intended by the manufacturer.
Unless otherwise provided by the manufacturer, the total
power must be split equally on the individual input
terminals.

TRT No. EN50530_V1.0
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Clause Requirement - Test Result - Remark Verdict

The measurement should be performed at an ambient P
temperature of 25 °C = 5 °C. Other ambient temperatures
can be mutually agreed. The actual ambient temperature
shall be specified in the test report.

4.4.2 Measurement procedure P

For each of the test conditions specified in Annex B a P
corresponding I/V characteristic has to be defined which
must be emulated by means of the PV simulator. A
radiation intensity of 1 000 W/m2 is related to the rated
DC power Poc, rof the device under test. Previous to each
test sequence a waiting period (initial set-up time) must
be inserted in order to await the stabilization of the device
under test. Values measured during this initial set-up time
are not considered for calculation of the dynamic MPPT
efficiency according to 4.4.3.

For the evaluation and the determination of the dynamic P
MPPT efficiency the following parameters are to be
recorded during the measurement:

—  Pwerrvs MPP power provided by the PV simulator;

— Pocmeasured input power of the device under test;
— Uwmeprpvs MPP voltage provided by the PV simulator;
— Ubc measured input voltage of the device under test;
— Imprrvs MPP current provided by the PV simulator;

— Iocmeasured input current of the device under test.

4.4.3 Evaluation — Calculation of the dynamic MPPT efficiency P

The overall dynamic MPPT efficiency is the mean value
of the single dynamic MPPT efficiencies of the test
sequences according to tables B.1 and B.2. It is
calculated by:

N

NaErrigm: = ?Z Ay *MappTam i
Y =l
— nmppdyntaveraged dynamic MPPT efficiency

— nmpptdyn dynamic MPPT efficiency for each test
sequence

— N number of test sequences
— aiweighting factor

For each test sequence according to Annex B the See attached table. P
dynamic MPPT efficiency nueet,ayn is to be calculated
based on the recorded data according the definition. The
results are to be documented in the measuring report.

For each test sequence the calculated MPPT efficiency is | See attached table. P
to be documented tabularly in the measuring report.

TRT No. EN50530_V1.0
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Clause Requirement - Test Result - Remark Verdict

Furthermore, modifications of the internal setting of the P
device under test, conspicuous behaviour during the
measurement as well as variations from the defined
procedure are to be documented.

5 Calculation of the overall efficiency

The DC power is converted to the AC power Pac by See attached table. P
means of the conversion efficiency nconv. The actual DC
power Poc of the device under test is the product from the
static MPPT efficiency nmeetstat and the MPP power
provided by the PV simulator Pwee, pvs:

Pac = Nconv + Poc = Neonv + NMPPTstat - PmPp,Pvs = Nt - PmpPp, Pvs

The overall efficiency n:can also be considered as: See attached table. P
P

AC

N = Neom * Napprstar = P
MPPPVS ... Formula (8)

Formula (8) is to be applied for each power and voltage | See attached table. P
level of Table 1. By the application of weighting factors of
EUR and CEC according to D.1 and D.2, the efficiencies
can summarised for each voltage level (Umppmax, Upcir,
Uwmepmin). As a result, the weighted overall efficiencies
nteur and nicec are obtained.

TRT No. EN50530_V1.0




Page 11 of 29 Report No. 6041106.50

4.3 TABLE: Conversion and static MPPT efficiency P

Table 1 — Test specifications for the static MPPT efficiency

Model SOFAR 20000TL-G2

MPP power of the simulated I/V characteristic normalized to rated

MPP voltage of the DC power, Pypppvs / Poc, r

Simulated I/V

i'ﬁgf;ﬁ‘:‘;ﬁé characteristic | 5% | 10% | 20% | 25% | 30% | 50% | 75% | 100%
Static MPPT Efficiency (%)
Unppmas (850Vdc) c-Si 97.05 | 99.73 | 95.37 | 99.97 | 99.91 | 99.83 | 99.70 | 98.06
Upc, (620Vdc) c-Si 99.39 | 99.96 | 99.94 | 99.96 | 99.83 | 99.80 | 99.14 | 98.90
Unippmin (480Vdc) c-Si 09.88 | 99.13 | 99.00 | 99.27 | 99.81 | 99.89 | 99.81 | 99.78
Unppmass (850Vdc) TED 08.96 | 97.62 | 99.92 | 99.63 | 99.93 | 99.83 | 99.75 | 99.43
Upc, (620Vdc) TED 99.96 | 99.69 | 98.45 | 99.07 | 97.43 | 99.81 | 99.73 | 98.73
Unippmin (480VdC) TED 98.74 | 99.55 | 99.17 | 99.29 | 99.91 | 99.88 | 99.90 | 99.52

MPP voltage of the

: Simulated I/V | Calculated of Static European Calculated of Static CEC MPPT
simulated I/V

characteristic characteristic MPPT efficiency (%) efficiency (%)
Uwmppmax (850Vdc) c-Si 98.81 99.46
Upc,r (620Vdc) c-Si 99.64 99.42
Uwmppmin (480Vdc) c-Si 99.70 99.76
Uwmppmax (850Vdc) TF 99.61 99.70
Upc, (620Vdc) TF 99.18 99.36
Uwmppmin (480Vdc) TF 99.66 99.83
Note:

The MPP voltages at the different test conditions (Umppmax, Ubc,r, Umppmin) shall be kept constant during the
test for each power level.
The Umppmax, Upc,r and Uypemin Was MPPT full power voltage declare by manufacturer.

4.3 TABLE: Conversion and static MPPT efficiency P

Table 1 — Test specifications for the static MPPT efficiency

Model SOFAR 25000TL-G2

MPP power of the simulated I/V characteristic normalized to rated

MPP voltage of the DC power, Pypppvs / Ppc, r

simulated I/V Simulated_ I/.V
characteristic characteristic | 5% 10% 20% 25% 30% 50% 75% | 100%
Static MPPT Efficiency (%)

Uwmppmax (850Vdc) c-Si 96.39 | 99.94 | 99.92 | 98.13 | 99.52 | 99.50 | 99.44 | 98.19
Upc,r (620Vdc) c-Si 99.46 | 99.66 | 99.71 | 99.81 | 99.90 | 99.78 | 99.86 | 99.83
Uwmppmin (460Vdc) c-Si 99.33 | 99.83 | 99.93 | 99.83 | 99.82 | 99.86 | 99.95 | 99.95
Unmppmax, (850Vdc) TF 99.16 | 99.28 | 99.96 | 99.90 | 99.97 | 99.91 | 99.89 | 98.64
Upc,r (620Vdc) TF 99.44 | 99.67 | 99.83 | 99.81 | 99.84 | 99.74 | 99.89 | 99.83
Uwmppmin (460Vdc) TF 99.87 | 99.84 | 99.95 | 99.98 | 99.73 | 99.85 | 99.87 | 99.86

TRT No. EN50530_V1.0
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g/ilnF:EI;toel ;alg;\e/ of the Simulateq I/_V Calculated of _St_atic European Calculated c_)f_Static CEC MPPT
characteristic characteristic MPPT efficiency (%) efficiency (%)

Uwmppmax (850Vdc) c-Si 99.23 99.44
Upc,r(620Vdc) c-Si 99.78 99.83

Unmppmin (460Vdc) c-Si 99.87 99.91

Uwmppmax: (850Vdc) TF 99.61 99.82

Upc, (620Vdc) TF 99.77 99.84

Uwmeemin (460Vdc) TF 99.85 99.85

Note:

The MPP voltages at the different test conditions (Umppmax, Ubc,r, Umppmin) shall be kept constant during the
test for each power level.
The Umppmax, Unc,r and Unpemin Was MPPT full power voltage declare by manufacturer.

4.3 TABLE: Conversion and static MPPT efficiency P

Table 1 — Test specifications for the static MPPT efficiency

Model SOFAR 33000TL-G2

MPP power of the simulated I/V characteristic normalized to rated

MPP voltage of the DC power, Pypppvs / Poc, r

simulated I/V Simulateq I/.V
characteristic characteristic | 5% 10% 20% 25% 30% 50% 75% | 100%
Static MPPT Efficiency (%)

Uwmppmax (850Vdc) c-Si 98.10 | 99.01 | 99.96 | 99.97 | 99.97 | 99.95 | 99.84 | 99.22
Upc,r (620Vdc) c-Si 99.89 | 99.88 | 99.87 | 99.88 | 99.92 | 99.99 | 99.99 | 99.76
Uwmppmin (580Vdc) c-Si 97.96 | 99.31 | 99.88 | 99.94 | 99.89 | 99.88 | 99.87 | 99.80
Uwmppmax (850Vdc) TF 99.85 | 99.89 | 99.95 | 99.97 | 99.86 | 99.90 | 99.36 | 99.60
Upc, (620Vdc) TF 99.69 | 99.89 | 99.71 | 99.65 | 99.70 | 99.47 | 99.90 | 99.71
Uwmppmin (580Vdc) TF 99.57 | 98.38 | 99.80 | 99.90 | 99.87 | 99.83 | 99.87 | 99.82

MPP voltage of the

simulated IV Simulated I/V | Calculated of Static European Calculated of Static CEC MPPT

characteristic characteristic MPPT efficiency (%) efficiency (%)
Uwmppmax (850Vdc) c-Si 99.70 99.82
Upc,r (620Vdc) c-Si 99.91 99.96
Uwmppmin (580Vdc) c-Si 99.77 99.85
Uwmppmax (850Vdc) TF 99.84 99.60
Upc, (620Vdc) TF 99.60 99.77
Uwmppmin (580Vdc) TF 99.73 99.80

Note:

The MPP voltages at the different test conditions (Umppmax, Ubc,r, Umppmin) shall be kept constant during the
test for each power level.

The Umppmax, Upc,r and Uypemin Was MPPT full power voltage declare by manufacturer.

D.1 European efficiency

d +a +a +a

EU2 nMPP_2 EU 3 'n_-’liPP_3 EU4 n.-'rﬂ-"P_4

+a

EU 1’ n.-uPP_l

+a

NrppTstat EUR =

EU S 'n.upp_s EU 6 nMPP_G
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Weighting aeu_1 acy 2 agy 3 acy 4 aFy s aeu 6
Factor 0.03 0.06 0.13 0.1 0.48 0.2
Partial MPP MPP_1 MPP_2 MPP_3 MPP_4 MPP_5 MPP_6
g‘:lvlft:vsfpnc. r 0.05 0.1 0.2 0.3 0.5 1

D.2 CEC efficiency

Napprstar.cec = @ +a +a +1

CEC_1~ n_.mop_l

+a

CEC 5 nMPP_S

+a

CEC 2’ n_-map_z

CEC 6 n_.mop_s

CEC 3’ njﬂpp_z;

CEC 4~ nMPP_4
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4.3 TABLE: Conversion and static MPPT efficiency P
Table 2 —Test specification for the conversion efficiency

Model SOFAR 20000TL-G2

MPP power of the simulated I/V characteristic normalized to rated
g/ilrzlljlgtoelgas\e/ of the Simulatec_l I/_V DC power, Pypppvs / Poc, r
characteristic characteristic | 5% 10% 20% 25% 30% 50% 75% | 100%

Conversion Efficiency (%)

Uwmppmax (850Vdc) c-Si 91.26 | 94.05 | 96.15 | 96.50 | 96.73 | 97.03 | 97.02 | 97.27
Upc,r(620Vdc) c-Si 93.90 | 96.14 | 97.16 | 97.34 | 97.45 | 97.55 | 97.48 | 97.33
Uwmeemin (480Vdc) c-Si 93.50 | 95.74 | 96.80 | 97.03 | 97.11 | 97.32 | 97.26 | 97.08
Uwmppmax (850Vdc) TF 90.94 | 94.55 | 96.21 | 96.61 | 96.76 | 97.04 | 97.04 | 96.94
Upc,r (620Vdc) TF 93.90 | 96.18 | 97.17 | 97.30 | 97.43 | 97.54 | 97.49 | 97.36
Uwneemin (480Vdc) TF 93.39 | 95.68 | 96.81 | 97.05 | 97.08 | 97.27 | 97.20 | 97.02
Z/iIrZEI;tOeI gas\e/ of the Simulateq I/y Calcula_ted of _E_uropean Calculated pf CEC Conversion
characteristic characteristic Conversion efficiency (%) efficiency (%)
Uwmppmax, (850Vdc) c-Si 96.58 96.84
Upc,r (620Vdc) c-Si 97.25 97.41
Uwmppmin (480Vdc) c-Si 96.97 97.16
Uwmppmax, (850Vdc) TF 96.55 96.86
Upc,r (620Vdc) TF 97.25 97.42
Uwmppmin (480Vdc) TF 96.93 97.11
Note:

The MPP voltages at the different test conditions (Umppmax, Ubc,r, Umppmin) shall be kept constant during the
test for each power level.
The Upppmax, Upcr and Uypemin Was MPPT full power voltage declare by manufacturer.

4.3 TABLE: Conversion and static MPPT efficiency P

Table 2 —Test specification for the conversion efficiency

Model SOFAR 25000TL-G2

MPP power of the simulated I/V characteristic normalized to rated

MPP voltage of the DC power, Pypppvs / Ppc, r

Simulated I/V

i'&‘;ﬁ‘zéﬁé characteristic | 5% | 10% | 20% | 25% | 30% | 50% | 75% | 100%
Conversion Efficiency (%)
Unppmass (850Vdc) c-Si 92.43 | 94.99 | 96.59 | 96.80 | 96.98 | 97.14 | 97.11 | 97.02
Upc,r (620Vdc) c-Si 95.34 | 97.03 | 97.78 | 97.94 | 98.01 | 98.01 | 97.94 | 97.73
Unppmin (460Vdc) c-Si 94.16 | 96.03 | 96.97 | 97.16 | 97.25 | 97.37 | 97.22 | 96.96
Unppmass (850Vdc) TF 9253 | 95.14 | 96.59 | 96.87 | 97.03 | 97.23 | 97.19 | 96.97
Unc, (620Vdc) TF 95.51 | 96.47 | 97.85 | 97.99 | 97.99 | 98.06 | 98.01 | 97.87
Unippmin (460Vdc) TF 94.20 | 96.03 | 96.94 | 97.14 | 97.24 | 97.36 | 97.21 | 96.94
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g/ilnF:EI;toel ;as\e/ of the Simulateq I/_V Calcula_ted of European Calculated _of CEC Conversion
characteristic characteristic Conversion efficiency (%) efficiency (%)
Uwippmax, (850Vdc) c-Si 96.76 96.99
Upc,r(620Vdc) c-Si 97.79 97.91

Uwippmin (460Vdc) c-Si 97.05 97.18

Uwmppmax: (850Vdc) TF 96.81 97.06

Unc, (620Vdc) TF 97.82 97.94

Uwmppmin (460Vdc) TF 97.03 97.17

Note:

The MPP voltages at the different test conditions (Umppmax, Ubc,r, Umppmin) shall be kept constant during the
test for each power level.
The Umppmax, Unc,r and Unpemin Was MPPT full power voltage declare by manufacturer.

4.3 TABLE: Conversion and static MPPT efficiency P

Table 2 —Test specification for the conversion efficiency

Model SOFAR 33000TL-G2

MPP power of the simulated I/V characteristic normalized to rated
DC power, Pypppvs / Poc, r

MPP voltage of the | i/ vo /v

igkg‘:‘:gﬁé characteristic | 5% | 10% | 20% | 25% | 30% | 50% | 75% | 100%
Conversion Efficiency (%)
Unppmar (850Vdc) c-Si 94.73 | 96.52 | 97.40 | 97.52 | 97.58 | 97.60 | 97.47 | 97.28
Unc, (620Vdc) c-Si 96.31 | 97.57 | 98.01 | 98.06 | 98.10 | 98.06 | 97.89 | 97.68
Unppmin (580Vdc) c-Si 95.40 | 97.07 | 97.66 | 97.70 | 97.74 | 97.69 | 97.46 | 97.22
Unppmass (850Vdc) TF 94.55 | 96.55 | 97.47 | 97.59 | 97.64 | 97.63 | 97.47 | 97.28
Unc, (620Vdc) TF 95.93 | 97.21 | 97.74 | 97.80 | 97.68 | 97.55 | 97.63 | 97.57
Unppmn (580Vdc) TF 95.68 | 97.13 | 97.61 | 97.69 | 97.75 | 97.70 | 97.43 | 97.29

MPP voltage of the

simulated IV Simulateq I/_V Calcula_ted of European Calculated pf CEC Conversion
characteristic characteristic Conversion efficiency (%) efficiency (%)
Uwmppmax (850Vdc) c-Si 97.36 97.46

Upc,r (620Vdc) c-Si 97.90 97.93

Uwmppmin (580Vdc) c-Si 97.49 97.52

Unmppmax (850Vdc) TF 97.38 97.48

Upc, (620Vdc) TF 97.52 97.60

Uwmppmin (580Vdc) TF 97.52 97.52

Note:

The MPP voltages at the different test conditions (Umppmax, Ubc,r, Umppmin) shall be kept constant during the
test for each power level.

The Umppmax, Upc,r and Uypemin Was MPPT full power voltage declare by manufacturer.

D.1 European efficiency

+a +a +a

EU2 nMPP_2 EU 3 'n_-’liPP_3 EU4 n.-'rﬂ-"P_4

+a

Napprstarzvr = Aeu 1 Taer 1

+a

EU S 'n.upp_s EU 6 nMPP_G
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Weighting agy 1 aeu 2 agu 3 agu 4 agu s acu 6
Factor 0.03 0.06 0.13 0.1 0.48 0.2
Partial MPP MPP_1 MPP_2 MPP_3 MPP_4 MPP_5 MPP_6
P JPoc. | 0.05 0.1 0.2 03 05 1
D.2 CEC efficiency
Namprstar cEc = @ CEC 1~ n_MPP_l + Acec o’ n_-map_z +a CEC 3 njlﬂJP_B +a CEC 4~ nMPP_4
+a('E(2_S ' nMPP_S + Acecs” n_.mop_s
Weighting acec 1 acec 2 acec 3 acec 4 acec s acec 6
Factor
0.04 0.05 0.12 0.21 0.53 0.05
Partial MPP MPP_1 MPP_2 MPP_3 MPP_4 MPP_5 MPP_6
ower
Bt JPoe. | 01 0.2 0.3 05 0.75 1

4.4 TABLE: Dynamic MPPT Efficiency P
Table B.1 — Dynamic MPPT-Test 10 % — 50 % Gsrc (valid for the evaluation of #upprayn)
Model SOFAR 20000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
Number (W/m?/s) (s) (s) (s) (s) (s) (%)

2 0,5 800 10 800 10 3540 99.59
2 1 400 10 400 10 1940 98.87
3 2 200 10 200 10 1560 98.99
4 3 133 10 133 10 1444 99.00
6 5 80 10 80 10 1380 98.81
8 7 57 10 57 10 1372 98.71
10 10 40 10 40 10 1300 97.41
10 14 29 10 29 10 1080 98.11
10 20 20 10 20 10 900 98.20
10 30 13 10 13 10 760 98.20
10 50 8 10 8 10 660 98.06
- - - - - Total 15936 s -
- - - - - - 04:25:36 h -

Note:

Ramp and dwell times are given as rounded values.

4.4 TABLE: Dynamic MPPT Efficiency P

Table B.1 — Dynamic MPPT-Test 10 % — 50 % Ggsrc (valid for the evaluation of yweprayn)
Model SOFAR 25000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
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Number (W/m?/s) (s) (s) (s) (s) (s) (%)
2 0,5 800 10 800 10 3540 99.45
2 1 400 10 400 10 1940 98.65
3 2 200 10 200 10 1560 99.07
4 3 133 10 133 10 1444 98.39
6 5 80 10 80 10 1380 98.05
8 7 57 10 57 10 1372 99.22
10 10 40 10 40 10 1300 98.21
10 14 29 10 29 10 1080 98.16
10 20 20 10 20 10 900 98.33
10 30 13 10 13 10 760 97.44
10 50 8 10 8 10 660 98.27
- - - - - Total 15936 s -
- - - - - - 04:25:36 h -
Note:
Ramp and dwell times are given as rounded values.
4.4 TABLE: Dynamic MPPT Efficiency P
Table B.1 — Dynamic MPPT-Test 10 % — 50 % Gsrc (valid for the evaluation of #upprayn)
Model SOFAR 33000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
Number (W/m?/s) (s) (s) (s) (s) (s) (%)
2 0,5 800 10 800 10 3540 99.59
2 1 400 10 400 10 1940 98.80
3 2 200 10 200 10 1560 99.15
4 3 133 10 133 10 1444 99.49
6 5 80 10 80 10 1380 99.18
8 7 57 10 57 10 1372 98.98
10 10 40 10 40 10 1300 97.27
10 14 29 10 29 10 1080 97.09
10 20 20 10 20 10 900 97.35
10 30 13 10 13 10 760 97.44
10 50 8 10 8 10 660 95.86
- - - - - Total 15936 s -
- - - - - - 04:25:36 h -
Note:
Ramp and dwell times are given as rounded values.
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4.4 TABLE: Dynamic MPPT Efficiency P
Table B.2 — Dynamic MPPT-Test 30 % — 100 % Ggsrc (valid for the evaluation of sveprayn)
Model SOFAR 20000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
Number (W/m?/s) (s) (s) (s) (s) (s) (%)
10 10 70 10 70 10 1900 99.58
10 14 50 10 50 10 1500 99.76
10 20 35 10 35 10 1200 99.66
10 30 23 10 23 10 960 99.66
10 50 14 10 14 10 780 99.68
10 100 7 10 7 10 640 99.83
- - - - - Total 6980 s -
- - - - - - 01:56:20 h -
Note:
Ramp and dwell times are given as rounded values.
4.4 TABLE: Dynamic MPPT Efficiency P
Table B.2 — Dynamic MPPT-Test 30 % — 100 % Ggsrc (valid for the evaluation of #vpprayn)
Model SOFAR 25000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
Number (W/m?/s) (s) (s) (s) (s) (s) (%)
10 10 70 10 70 10 1900 97.97
10 14 50 10 50 10 1500 98.17
10 20 35 10 35 10 1200 98.15
10 30 23 10 23 10 960 98.11
10 50 14 10 14 10 780 98.03
10 100 7 10 7 10 640 97.77
- - - - - Total 6980 s -
- - - - - - 01:56:20 h -
Note:
Ramp and dwell times are given as rounded values.
4.4 TABLE: Dynamic MPPT Efficiency P
Table B.2 — Dynamic MPPT-Test 30 % — 100 % Gsrc (valid for the evaluation of #upprayn)
Model SOFAR 33000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
Number (W/m2/s) (s) (s) (s) (s) (s) (%)
10 10 70 10 70 10 1900 98.36
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10 14 50 10 50 10 1500 98.28
10 20 35 10 35 10 1200 98.66
10 30 23 10 23 10 960 98.24
10 50 14 10 14 10 780 98.52
10 100 7 10 7 10 640 98.17
- - - - - Total 6980 s -
- - - - - - 01:56:20 h -
Note:
Ramp and dwell times are given as rounded values.
4.4 TABLE: Dynamic MPPT Efficiency P
Table B.3 — Start-up and shut-down test with slow ramps
Model SOFAR 20000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
Number (W/m?/s) (s) (s) (s) (s) (s) (%)
1 0,1 980 30 980 30 2320 99.82
- - - - - Total 2320s -
- - - - - - 00:38:40 h -
Note:
4.4 TABLE: Dynamic MPPT Efficiency P
Table B.3 — Start-up and shut-down test with slow ramps
Model SOFAR 25000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
Number (W/m?/s) (s) (s) (s) (s) (s) (%)
1 0,1 980 30 980 30 2320 99.76
- - - - - Total 2320s -
- - - - - - 00:38:40 h -
Note:
4.4 TABLE: Dynamic MPPT Efficiency P
Table B.3 — Start-up and shut-down test with slow ramps
Model SOFAR 33000TL-G2
Repetition Slope Ramp UP | Dwell time | Ramp DN | Dwell time | Duration Efficiency
Number (W/m2/s) (s) (s) (s) (s) (s) (%)
1 0,1 980 30 980 30 2320 99.14
- - - - - Total 2320s -
- - - - - - 00:38:40 h -
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Note:
5 TABLE: Overall Efficiency P
Model SOFAR 20000TL-G2
MPP voltage of the P,
simulated I/V _ N = Neom " NappTotar = P _
characteristic Simulated I/V MPP PV

characteristic | 595 | 10% | 20% | 25% | 30% | 50% | 75% | 100%

Overall Efficiency (%)

Uwmppmax (850Vdc) c-Si 88.57 | 93.80 | 91.70 | 96.47 | 96.64 | 96.87 | 96.73 | 95.38
Upc,r(620Vdc) c-Si 93.33 | 96.10 | 97.10 | 97.30 | 97.28 | 97.35 | 96.64 | 96.26
Uwmppmin (480Vdc) c-Si 93.39 | 9491 | 95.83 | 96.32 | 96.93 | 97.21 | 97.08 | 96.87
Uwmppmax (850Vdc) TF 89.99 | 92.30 | 96.13 | 96.25 | 96.69 | 96.88 | 96.80 | 96.39
Upc,r (620Vdc) TF 93.86 | 95.88 | 95.66 | 96.40 | 94.93 | 97.35 | 97.23 | 96.12
Uwmppmin (480Vdc) TF 92.21 | 95.25 | 96.01 | 96.36 | 96.99 | 97.15 | 97.10 | 96.55
Z/iIrZEI;tOeI gas\e/ of the Simulateq I/y Calculated Qf_ Overall European Calculatgd_ of Overall CEC
characteristic characteristic efficiency (%) efficiency (%)
Uwmppmax (850Vdc) c-Si 95.44 96.31
Upc,r (620Vdc) c-Si 96.90 96.85
Uwmppmin (480Vdc) c-Si 96.68 96.93
Unppmax, (850Vdc) TF 96.18 96.57
Upc, (620Vdc) TF 96.45 96.79
Uwmppmin (480Vdc) TF 96.61 96.94
Note:

The Upppmax, Upc,r and Uypemin Was MPPT full power voltage declare by manufacturer.

5 TABLE: Overall Efficiency P
Model SOFAR 25000TL-G2
MPP voltage of the P,
simulated I/V _ N = Neom " NappTotar = P _
characteristic Simulated I/V MFPP PVS

characteristic | 50 | 10% | 20% | 25% | 30% | 50% | 75% | 100%

Overall Efficiency (%)

Uwmppmax (850Vdc) c-Si 89.09 | 94.93 | 96.51 | 94.99 | 96.51 | 96.65 | 96.57 | 95.26
Upbc,r (620Vdc) c-Si 94.83 | 96.70 | 97.50 | 97.75 | 97.91 | 97.79 | 97.80 | 97.56
Uwmppmin (460Vdc) c-Si 93.53 | 95.87 | 96.90 | 96.99 | 97.07 | 97.23 | 97.17 | 96.91
Unmppmax, (850Vdc) TF 91.75 | 94.45 | 96.55 | 96.77 | 97.00 | 97.14 | 97.08 | 95.65
Upc,r (620Vdc) TF 94.98 | 96.15 | 97.68 | 97.80 | 97.83 | 97.81 | 97.90 | 97.70
Unmppmin (460Vdc) TF 94.08 | 95.88 | 96.89 | 97.12 | 96.98 | 97.21 | 97.08 | 96.80
MPP voltage of the | Simulated I/V | Calculated of Overall European Calculated of Overall CEC
simulated I/V characteristic efficiency (%) efficiency (%)
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characteristic

Uwippmax, (850Vdc) c-Si 96.01 96.45
Upc, (620Vdc) c-Si 97.57 97.74
Uwippmin (460Vdc) c-Si 96.92 97.09
Uwmppmax (850Vdc) TF 96.43 96.88
Unc, (620Vdc) TF 97.59 97.78
Uwippmin (460Vdc) TF 96.89 97.03
Note:

The Umppmax, Upc,r and Uypemin Was MPPT full power voltage declare by manufacturer.

5 TABLE: Overall Efficiency P
Model SOFAR 33000TL-G2
MPP voltage of the P,
simulated 1/V Ne = Neow  MapProtae =
characteristic Simulated I/V Bopp prs

characteristic | 506 | 10% | 20% | 25% | 30% | 50% | 75% | 100%

Overall Efficiency (%)

Uwmppmax, (850Vdc) c-Si 9293 | 95.56 | 97.36 | 97.49 | 97.55 | 97.55 | 97.31 | 96.52
Upc,r (620Vdc) c-Si 96.20 | 97.45 | 97.88 | 97.94 | 98.02 | 98.05 | 97.88 | 97.45
Uwmppmin (580Vdc) c-Si 93.45 | 96.40 | 97.54 | 97.64 | 97.63 | 97.57 | 97.33 | 97.02
Uwmppmax, (850Vdc) TF 94.41 | 96.44 | 97.42 | 97.56 | 97.50 | 97.53 | 96.85 | 96.89
Upc,r (620Vdc) TF 95.63 | 97.10 | 97.46 | 97.46 | 97.39 | 97.03 | 97.53 | 97.29
Uwmppmin (580Vdc) TF 95.27 | 95.56 | 97.41 | 97.59 | 97.62 | 97.53 | 97.30 | 97.11

MPP voltage of the

: Simulated I/V | Calculated of Overall European Calculated of Overall CEC
simulated I/V L . .
L characteristic efficiency (%) efficiency (%)

characteristic

Unmppmaxs (850Vdc) c-Si 97.06 97.28
Upc,(620Vdc) c-Si 97.81 97.89

Umpepemin (580VdC) c-Si 97.27 97.37

Unmppmaxs (850Vdc) TF 97.23 97.08

Upc, (620Vdc) TF 97.14 97.38

Unppmin (580Vdc) TF 97.25 97.31

Note:
The Uuppmax, Upc,r and Uypemin Was MPPT full power voltage declare by manufacturer.
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The DC power is converted to the AC power Paz by means of the conversion efficiency e The actual
DC power Py of the device under test is the product from the static MPPT efficiency Myepras and the
MPP power provided by the PV simulator Pyee_pys:

Pac = NeamPoc = Neorw Mmperstat Pupe pus = NePuee, pus (7)

The overall efficiency 1, can also be considered as

. __ P
T]r - T]com' n_’lﬁn‘PT:m? - (8}
'P_'-E'P.PES'

D.1 European efficiency

NrppTstat EUR = Agy g n.upp_l +aEL'_2 ) nMPP_2 + Agy 3 'n_.wap_?, + Agy 4 n_-»ﬁpp_:t

+aEU_S 'n.upp_s + Ay 6 nMPP_G
Weighting agu_1 aeu 2 agu 3 aeu 4 agu s acu 6
Factor 0.03 0.0 0.13 0.1 0.48 0.2
Partial MPP MPP_1 MPP_2 MPP_3 MPP_4 MPP_5 MPP_6
power
PusppyslPoc; | 0-08 0.1 0.2 0.3 0.5 1

D.2 CEC efficiency

NappLstar cec = @ CEC 1’ n.-’lE’P_l + Acpc o n.-map_z +a CEC 3 nle’P_?» +a CEC 4~ r]MPP_4

+aCE(:_S ' nMPP_S + Aepc s ” n_-’lE’P_d
Weighting acec 1 acec 2 acec 3 acec 4 acec s acec ¢
Factor

0.04 0.05 0.12 0.21 0.53 0.05
Partial MPP MPP_1 MPP_2 MPP_3 MPP_4 MPP_5 MPP_6
power
Pupr.pvs/Poc. r 0.1 0.2 0.3 05 0.75 1
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Appendix 1: Pictures

SOFAR 20000TL-G2 Enclosure Front View
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SOFAR 20000TL-G2 Enclosure Bottom View
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SOFAR 25000TL-G2 Enclosure Front View
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SOFAR 25000TL-G2 Enclosure Bottom View
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SOFAR 33000TL-G2 Enclosure Front View
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SOFAR 33000TL-G2 Enclosure Bottom View

SOFAR 33000TL-G2 Internal View
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Appendix 2: List of test equipment used:

No. Testing / measunng Type Internal no. manufacturer Calibration due
equipment date
1 AC simulator RS90 CTTEQ-4 AMETEK EIG 2019-03-20
2 PV simulator TC/P/I32 CTTEQ-1 Regatron AG 2019-03-20
3 PV simulator TC/PI32 CTTEQ-2 Regatron AG 2019-03-20
4 Power analyzer WT3000 CEETQ-5 Yokogawa 2019-01-16
5 Current sensor CT6863 CTTEQ-90 HOIKI 2019-03-15
6 Current sensor CT6863 CTTEQ-92 HOIKI 2019-03-15
7 Current sensor CT6863 CTTEQ-94 HOIKI 2019-03-15
8 Current sensor CT6863 CTTEQ-95 HOIKI 2019-03-15
g | Temperatreandhu | gqg1y | cTTEQ-189 Testo 2019-05-03
midity Meter
Ningbo Yinzhou
10 | Air pressure gauge DYM3 CTTEQ-77 Jiangshan Glass 2019-03-06
Instruments factory
ND
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