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IEC 62446 Grid connected photovoltaic systems —
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commissioning and inspection

IEC61724-1: 2017 Photovoltaic system performance — Part
1: Monitoring

IEC61724-3:2016 Photovoltaic system performance
—Energy evaluation method
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solar devices with reference spectral irradiance data.
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simulator performance requirements.

IEC 61215:2005  Crystalline silicon terrestrial
photovoltaic (PV) modules - Design qualification and type
approval.
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1 SEUETE ML

AT AL BN 1808.84 W, DU B/ 2R 2 ] B A 222, SR ] i A o — 4t
TIFOEM . SR ALPEAR 2 182 PERC By B AP, b — i L Ry f b ol 173
P, Wb EcR 6+30, IR oA R, o — R R 1/3 YT, R
g 6°30, TEMAERTT. SRR H AR T X A B AABURFI KIS VERI I 00T, P
WY A R 22 5

T Mk T 7 BAR) T P8 2 O ARSI R i, HAa g o i 32408 B AR (A 2ss) |
T 2021 4F 12 ARG E IR RA R, 2022 4F 2 AP L@, 2022 4 3 HIR TIIEAL,
TERFH PR TR 10 KV,
1 Demonstration Project Overview

The PV power station has a power generation capacity of 1808.84 W. This project
contained 2 different types of PV modules at a fixed installation angle and applied tow-in-one
grid-connected micro-inverters. These 2 types of PV modules are 182 PERC mono-crystal
PV modules. One of the types is one-third cut with 6X30 pieces of cell and has no frame on
the front A-side. The other type of PV module is the regular one-third cut with 6X30 pieces of
the cell. The purpose of this test is to compare the differences in power generation between
2 types of PV modules, under the natural outdoor dust sedimentation and rain wash

conditions.

This project is located in the PV Field Test Base in Xixia District, Yinchuan City, Ningxia
Province. The outdoor test environment is nature ground (with soil, rocks, sand, and grass).
Approved by the National Construction and Energy Administration in December 2021,
construction started in February 2022 and finished in March 2022. The photovoltaic

grid-connected grid boost level is 10kV.
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Picture 1 Ningxia Field Test Base Panorama

PV-S-TRF-DDS Page 6 of 27 Version 1.0



PHANIGUIE A B AR A

TuVNORD

File No.: PVP02038/22P Report No.: TRPVP02038/22P/01

K2 iR

Picture 2 Project Image

K3 AR
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Picture 3 PV Module Sand Sedimentation Image

T H B AME B Ah

TiH & &: Project Power Genetation
Capacity

Wi HH#i&: Project Location

GPS #:#7: GPS Coordinates

AR ME/NE: Annual Sun Exposure
Hours

SESEHYIRE: Annual Average

Temperature

FH & H#J: Date of Grid Connection

H{4-fif: Installation Angles

1808.84 W

w7 & [l E 3R DR ) 1 PV Field

Test Base in Xixia District, Yinchuan City,
Ningxia Province

38°36'56.77"N, 106°0'52.27"E

1971

8.9°C

2022 4 3 H March 2022

WA HEHA(Z BT : Equipment Information

FrRRTh 2
(W)
M FAMA The
1 Full-Screen PV 460 DHT-MBOX10/FS 2 1
-460W
Module
FEH 2 Th -
5 EEAE The 460 DHT-M60X10 ) 1
Regular Module -460W
HM-1500
AR (2 B 4l37. MPPT)
3 1500 , 2 -
_ (2 independent
MPPT)
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s WA BE Tk X, H&E B/
JREE AL i) ek
MM R
Wind Speed
NERSLZI Wind
1 Six Elements MULTI-6P 1 Direction
_ Temperature
- Humidity
- Rainfall
2 = Kipp&zone CMP11 | [NiGSiNenZone 2 GHI, DHI
IR . 7R
3 Radiometer Kipp&zone CMP10 4 7 Angles
4 Direct Kipp&zone CHP1 1 -
AR R
[N
5 Rt Kipp&zone SMP10 57 SF- T ’ Configure
Radiometer T radiometer _ according to
PV module
requirements
HRABLR oK
S S - R
6 Temperature STM-4 Demostration g
Sensor Zone Several according to
PV module
requirements
SEIEX e
RIH: GEX |
7 _ CPVT_M m Demostration -
Several
Acquisition Zone
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HﬂE X .
RIH: RS |
8 _ CPVT M T Demostration
Several
Acquisition: Zone
AL A SRR g BAHAM1 £
9 PV Module PVMS Demostration 1 Sensor per
Several
Sensor Zone group
I SEEX
10 KRB M.A.P MINI Demostration 1
Data Collector Zone

ZLFHE NPT 60KWh/m? Ji5 225 T 3 20 AT PrANSEIE A v B i, BRI JS HL 220« After PV

modules exposure under the sunlight 60Wh/m?, installed on the frame and implement the

outdoor power generation field test. The results are listed below:

Jix B4 s Isc Uoc Im Um Pm FF
DHT-MBOX10/FS | 185821061000100058 | 9.08 | 61.80 | 867 | 52.15 | 452.27 | 80.63
-460W 8012201B1004122128 | 9.13 61.95 8.69 52.49 | 456.31 | 80.66
DHT-M60X10 | 8012110D0504143514 | 9.02 | 61.85 | 8.62 | 52.47 | 452.15 | 81.01
-460W 8012110B0703212360 | 9.03 61.64 8.61 52.04 | 448.11 | 80.55
2 TiHz47EN 2 PROJECT OPERATION
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2.1 KFIEEYEYE 2.1 SOLAR ENERGY RESOURCES
9 H AL itey 5, 7+ Y 170.28 KWh/ni, TFHISREERTE
17.20 °C, PRk 2.36 m/s.

This project installation angle is 5- . The _ is 170.28 kWh/m? in April. The

average temperature is 17.20°C and the average wind speed is 2.36 m/s

DA R H SRS 8 G417t Daily Weather Data Statistics

E] N ] IE Eﬁ N »
RIEERR  pywsmng  APHRE
Daily . :
. Average Daily Average Daily
Cumulative )
. Temperature Wind Speed
Front Irradiance (C) e
(kWh/nf)
2022/4/1 6.74 13.74 4.01
2022/4/2 6.97 11.82 2.05
2022/4/3 6.90 15.35 1.76
2022/4/4 4.82 16.94 2.30
2022/4/5 7.04 19.49 2.02
2022/4/6 7.15 20.39 2.78
2022/417 717 21.54 212
2022/4/8 4.68 22.27 2.53
2022/4/9 6.32 25.39 2.73
2022/4/10 6.38 25.77 2.16
2022/4/11 3.46 14.53 3.45
2022/4/12 5.53 13.27 2.36
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2022/4/13 3.10 10.42 1.97
2022/4/14 4.14 12.27 1.77
2022/4/15 1.83 10.13 217
2022/4/16 5.47 12.09 2.1
2022/4/117 5.02 11.32 3.25
2022/4/18 7.31 15.07 2.1
2022/4/19 7.07 17.26 242
2022/4/20 6.81 21.09 2.21
2022/4/21 5.26 20.42 3.20
2022/4/22 7.03 20.52 2.07
2022/4/23 6.19 23.81 1.87
2022/4/24 7.13 25.41 219
2022/4/25 5.38 24.42 2.1
2022/4/26 6.48 15.33 3.25
2022/4/127 2.36 12.74 2.08
2022/4/28 7.21 15.92 1.78
2022/4/29 2.04 13.84 1.94
2022/4/30 7.31 13.50 2.05
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2.2 RHEHEFEHN 2.2 POWER GENERATION

A H SEE R % Ll 138.27 KWh,  FT I DASK Bt % 10 138.27 kKWh, 30 T
A 152.88 /MR (KWH/KW) -, A i LASR BT 152.88 /MR (KWH/KW) . FETR A i
Wz, LA DHT-M60X10-460W 4114k Baseline,

In April, the total power generation in the Field Test Base is 138.27kWh. The PV power
station has cumulatively generated power of 138.27 kWh since monitoring. The equivalent
full load utilization is 152.88 hours (kWh/kW), and 152.88 hours have been accumulating

since monitoring (kWh/kW). When calculating the power generation increase, used PV

modules with model type: DHT-M60X10-460W as Baseline.

FRBAV e S, AT RBEFHXT AR Al types of PV modules generate

power, after series connected in this season:

%A ZR \
%A S . it =30 .
<y ‘E X =N ¢ i =A
el Tt SN S Y S S S e
W) (kWh) Monthly Monthl ) Total
Monthly  Cumulative y Total Cumulative
Lab Power
Power Power Power Generation Power Power
Generation Generation Increase Generation Generation
per Watt per Watt
{T-M60X10/FS-460W | 454.29 73.21 161.17 11.50% 73.21 161.17 11.50%
JHT-M60X10-460W | 450.13 65.06 144 54 - 65.06 144 .54 -
PV-S-TRF-DDS Page 13 of 27 Version 1.0
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2.3 -&%ﬂﬁﬁﬁl‘%‘ﬁ 2.3 _ and Abnormal Data

UEES P SNE PRSP

No abandoned light was found in this month and hasn't found abandoned light since the
project GORNEGIEANOIGNM.

ARG EER N4 H1 HE4 530 H, R R T

This report data uninterruptedly collected from April 15t to April 30™".

ﬁﬁiﬂﬁ%%ﬁ’ﬂ-‘ PRSI . MG A A e th s . RIS RS s, R
Bl mws, BuRTERGs . KA MAP ZRGER M 2 A1 A B KR,
DHT-M60X10/FS-460W K 751154 185821061000100058 £ {2f (14 i i 4 st & PS4,
PR B 4E N 5T, A e il B % S () R It v B0 e, R I v T e b 1 Y
i [ S A s DHT-MG0X10-460W i 2R P e 4L () i B A% et oR A L . AR H R4
o, e AR A OB, DAPRIESE = A B o M HE R

Check the real-time collected data such as_, Temperature, Wind Speed,
and PV Module Output Voltage, Current, and Power. No data anomalies are found, and the
data quality is high. Check the nighttime and daytime temperature data of the PV modules
collected by the MAP system. The temperature sensor of the DHT-M60X10/FS-460W
version with the serial number of 185821061000100058 is found to be abnormal. After
reported the abnormal to the operational and maintenance staffs of the Yinchuan base,
confirming that the abnormality is caused by the tape of the temperature sensor falling off,
and it has been fixed with high-temperature-resistant and high-viscosity tape. The
temperature sensors of DHT-M60X10-460W was found normal. The abnormal temperature

sensor data was eliminated to ensure the accuracy of the monthly data analysis.
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3 lM48srEH4E 3 Details of Monitoring Indicators
31 A EERHE2H 3.1 Module Temperature Characteristic

Analysis

WA H A& A R R . DR, P RAESRB M AL TARIREST, S RE X R
BIESIEVA SR

According to the temperature and power data monitored by each PV module in April,
the power response characteristics of each temperature range can be recorded under the

working state of each PV module.

/E'Jﬁ” <0°C

Temperature: <0°C

/N (W Ih= (W FLMEfE
Minimum Maximum Averaae Power Performance
Power Power 9 per Watt
DHT-M60X10/FS-4 i i i i
60W
DHT-M60X10-460 i i i i
W

R 0~10°C
Temperature: 0~10°C
B/PIIFE (W)

Minimum

FAFLMERE

Performance

BRARTR (W)

Maximum

FHYER (W)

Average Power

Power

Power

per Watt

DHT-MB0X10/FS-4 ‘077 131.01 51.38 11.31%
60w
DHT-M6\?VX1O-460 - 114.95 45.99 10.22%
PV-S-TRF-DDS Page 15 of 27 Version 1.0
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W 10~20°C

Temperature: 10~20°C
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JNTHEE (W KIGE (W FLpEgE
Minimum Maximum Averaae Power Performance
Power Power 9 per Watt
DHT-M60X10/FS-4 8.04 509.59 96.30 21.20%
60W
DHT'MS\?VMO'%O 7.53 464.42 89.26 19.83%

W 20~30°C

Temperature: 20~30°C

/N (W Ih= (W FLMEfE
Minimum Maximum Averaae Power Performance
Power Power 9 per Watt
DHT-M6OX10/F-S-4 7.08 515.13 196.20 43.19%
60W
DHT'MS\?VMO'%O 6.50 467.52 177.07 39.34%

R 30~40°C
Temperature: 30~40°C

BARUIE (W)
Maximum
Power

/DI (W)
Minimum
Power

BA L RE
Performance
per Watt

PR (W)

Average Power

DHT-MB0X10/FS-4 5017 468,32 315.01 69.34%
60w
DHT-MS\:)VX1O-460 5314 495 14 284,63 63.23%
PV-S-TRF-DDS Page 16 of 27 version 1.0
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YEE > 40°C

Temperature: >40°C

/NI (W BATh® (W FHEgE
Minimum Maximum Averaae Power Performance
Power Power 9 per Watt
DHT-MB0OX10/FS-4 100.23 456.63 365.34 80.42%
60W
DHT'MS\?VMO'%O 90.88 416.27 325.22 72.25%

it A e ol . ThscE, LT B R TS, &R
Ty 2 W

According to the - and Power Data monitoring, the power response

characteristics of each irradiation range can be recorded under the working state of each PV

module.
. <200 W/m?

Irradiation: <200 W/m?2

%/J\IJJi %j@ji PR ( FRTLPERE

DHT- Mgg)\/(\;O/Fs -4 2 08 93.35 54.43 11.98%

DHT-MG\;)VX10-460 6.50 82 20 48.57 10.79%

iiE. 200~400 W/m?

Irradiation: 200~400 W/m?

PV-S-TRF-DDS Page 17 of 27 Version 1.0
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Bﬁj@ﬁﬁ PR (

DHT-MB0X10/FS-4 20,61 191.25 128.09 28.20%
60W
DHT-MG\;)VX1O-460 20.99 165.74 113.22 25.15%

AR, 400~600 W/m?2

Irradiation: 400~600 W/m?

Bﬁj@ﬁﬁ PR (

DHT-MB0X10/FS-4 161.28 970,87 220.80 48.60%
60W
DHT-M6\;)VX1O-460 14617 049,32 194.70 43.25%

R 600~800 W/m?

Irradiation: 600~800 W/m?

BRUE ( PR (
DHT-M60X10/FS-4 241.00 363.35 304.54 67.04%
60W
DHT-MS\:)VX1 0-460 21812 327 57 269.91 59.96%

4EIE. 800~1000 W/m?2

Irradiation: 800~1000 W/m?

BNIE (W) BRIIR (W

Ty W)

Minimum Maximum Performance
Average Power
Power Power per Watt

DHT-M60X10/FS-4

0,
60W 323.09 451.27 382.65 84.23%

PV-S-TRF-DDS Page 18 of 27 Version 1.0
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DHT'M6\?VX1 0-460 291.62 409.52 341.00 75.76%

HE:. >1000 W/m2

Irradiation: > 1000 W/m2

%j@ji PR (
DHT-MB0X10/FS-4 399.32 515.13 434.12 95.56%
60W
DHT-MG\;)VX10-460 363.87 467 52 397 41 88.29%
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3.3 kXHEES4r1r 3.3 Analysis of Power Generation Capacity

WRIEMRATRI R AL H B2 AR5, AR PFRIRI R S = AT, a4 Al i 2 Y 41
2 Hisi7i9 H 23T KWh/KW i AT o EE . I R an 34k,

Based on the calculated daily cumulative power generation of the PV modules and the
initial laboratory test power of the PV modules, the daily cumulative kWh/kW power

generation of each type of the PV modules in April can be calculated and compared as

follows:
DHT-M60X10/FS-460W DHT-M60X10-460W R
Increasing
2022/4/1 6.55 5.75 13.91%
2022/4/2 6.70 5.87 14.14%
2022/4/3 6.61 5.79 14.16%
2022/4/4 4.59 4.03 13.90%
2022/4/5 6.70 5.86 14.33%
2022/4/6 6.87 6.01 14.31%
2022/417 6.79 5.94 14.31%
2022/4/8 4.48 3.94 13.71%
2022/4/9 6.04 5.31 13.75%
2022/4/10 6.04 5.29 14.18%
2022/4/11 3.31 2.91 13.75%
2022/4/12 5.35 4.68 14.32%
2022/4/13 297 2.62 13.36%
2022/4/14 3.96 3.48 13.79%
2022/4/15 1.67 1.49 12.08%
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2022/4/16 5.10 4.68 8.97%
2022/4/17 4.79 4.39 9.11%
2022/4/18 6.89 6.29 9.54%
2022/4/19 6.65 6.08 9.38%
2022/4/20 6.39 5.85 9.23%
2022/4/21 5.02 4.58 9.61%
2022/4/22 6.53 5.97 9.38%
2022/4/23 5.80 5.30 9.43%
2022/4/24 6.61 6.06 9.08%
2022/4/25 4.95 4.54 9.03%
2022/4/26 6.14 5.60 9.64%
2022/4/27 214 1.97 8.63%
2022/4/28 6.68 6.07 10.05%
2022/4/29 1.85 1.69 9.47%
2022/4/30 7.00 6.50 7.69%
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H 2tk B8 &35 A 4 b Daily Power Generation &
8.00 Increasing Ratio 16.00%
S 7.00 14.00%
]
= 6.00 | 12.00% _
E 5.00 10.00%33
Mg]% 4.00 H 8.00% I
! 3.00 6.00%
= 200 | 4.00%
%ﬁ 100 L 2.00%
0.00 0.00%
N S \*} A\ ) N o) &) A &) N D < A )
S G S G S S S S S LI g
USRS SIS GG G, QR LGB, LGB, LGB, LG, LG, LGB, LG LGN .
R U S i i S S S
H it
B DTH-M60X10/FS-460W mmm DTH-M60X10-460W WA H T
Kl 4 HEREIT AL AT
Picture 4 Daily Power Generation & Increasing Ratio
H Rt EmEiEEE & 1E 5 B4 bt Daily Front Irradiation &
800 Increasing Ratio 16.00%
% 7.00 [em— S 14.00%
S 6.00 - — — — —— L 11 12.00%
< L g b B § % 3
= 500 — — 10.00% s
= 400 - ¥y — —\+ 8.00% Im
B 8
£ 300 - — - 6.00% P
5 200 - - 4.00%
=
& 100 - ~ 2.00%
I 0.00 0.00%
N o > &) A &) A 3] (oY A )}
o0 o o o o 8 ® P P B P P
ARG L G| g, N N N O, N M A N
H#A
H &I EEEREKWh/m2) BB
K5 H R IEmE Ea Ada [ o b
Picture 5 Daily Front Irradiation & Increasing Ratio
PV-S-TRF-DDS Page 22 of 27 Version 1.0




PHONIGIE H B TUV NORD

File No.: PVP02038/22P Report No.: TRPVP02038/22P/01

3.4 Z&RE 3.4 PV Module System Efficiency

3.4.1 WEANEZ 3.4.1 Test Introduction

T I 3 B e S A RE AR R G, AE TGI8 1 el B ) G B R A
R 4 R 515, L1 5 I T DRSOV AT EL ML PR 255 5
8 52 B e HE R S R FE I Y S R AR A MLALP MINT R s PVYMS 2R

In order to test the efficiency of the entire PV power station, the high-precision
meteorological data acquisition device continuously collects the _ data of the
power station and analyze the power generation efficiency of the PV power station. The
power generation data used in the PR accounting of the power station of this project

obtained via the data collector M.A.P MINI of the power station and the PV module sensor

PVMS.
Z MR IEC 61724-3 HrifE, A3 H it e RACRME AR e, TR AIT 2%
Referring to the IEC 61724-3 standard, this project selects energy efficiency as the

evaluation standard, and the calculation formula is as follows:
Eout
PR =—2x 100%
Er

Eout: YCARARG L Fn k&, BN kWeh; Eidia AR N B0 45 11; Actual power generation
of the photovoltaic system, Unit: kW - h; Daily collected

Er: JCRAEGHIC AH &, ¥4 kWeh; FHRARNHASTT; Theoretical power

generation of photovoltaic system, Unit: kW - h; Daily collected
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Er =Py X (H;/ G, o) R K ML F 15420 Theoretical power generation calculation
formula
Po: YGRS RENLA R, AL KWps  (IE(EZhF) ASEERHF A RS PV power station
Installation capacity, Unit: kWp; (peak power) calculated according to the actual

grid-connected capacity
W FURTTETTESYeSs
_, Unit: kWh/m2; Daily collected

Girer: FRUEIR S LEA)HE B Irradiation at Standard Test Conditions, 1000W/m2;

3.4.2 MiREE 3.4.2 Test Results

o
T I R ey I e

AHRS Installation Thszr;::al Actual Power PV Module
PV Module Model Capacity Generation Generation System
(W) (kWh) (kWh) Efficiency
DHT-M60X10/FS-460W 454.29 77.36 73.21 94.64%
DHT-M60X10-460W 450.13 76.65 65.06 84.88%

3.5 sreHEESIXT L 3.5 Grouping Capacity Comparison
it e 237 R 154/ M A (KWVIW) T4

2 Indicators of the comparison parameters: _ and

Cumulative Power Generation per Watt (kWh/kW).
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- Z Gk REMR

yasp =1 Cumulative PV Module
Power
PV Module Model . System
Generation -
Efficiency
DHT-M60X10/FS-460W 161.17 94.64%
DHT-M60X10-460W 144.54 84.88%

R R GRS N EOT H

Comparison of PV Module System Efficiency and Equivalent Hours
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Picture 6 Comparison of PV Module System Efficiency and Cumulative Power Generation

per Watt
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4 MIETE4 4 Overall Evaluation

AR H 7 R Y R E BE PR 4z i R AL (DHT-M60X10/FS-460W) A HiEJ 73.21 kWh,
ERUNECH 161.17 KWh/KW, RG50F K 94.64%; L4} (DHT-M60X10-460W) % H
4 65.06 kWh, ZE50NHRCH 144.54 KWh/KW, RER0% N 84.88%. H il A & BLIA A%
REAPE, BISATHRPR I R L UEEOK

In April, the TUV Experimental Base in Ningxia finished the field test on the Full-Screen
PV Module, which was innovated by DAH Solar. The test result demonstrated the
Full-Screen PV Module, DHT-M60X10/FS-460W, generated 73.21kWh, and the cumulative
power generation per watt is 161.17 Kwh/kW. The solar system efficiency is 94.64%. In the
contrast, the regular PV module, DHT-M60X10-460W, generated 65.06kWh, and the
cumulative power generation per watt is 144.54kWh/kW. The solar system efficiency is
84.88%. At present, there is no low efficient PV module is found. All the operational
standards have met the demands.

TR T/ £ 5 R AL TR 2 T o ) A P T 9 S R R, S T3 A 2 W DR P o
FRSE BRI R . IR S5 /8 TRy E RN, Ry S BRI E R A, X ZBURA A 574
JEFEA—RYBDEHT, HBEse PR, ERA R SRR
fiy. RAE 4T FRA A EE B, SR80 N (KWh/KW e 38k 11.50%, R
AT R AR T TR BT S G AR AR IRERRRUK . UK AR 445 2K 5 T A A0 2

The rooftops with small-angle installation conditions would form the bottom soiling due
to the nature rain wash and the altitude intercept between the regular PV module frame and
glass. This problem is the primary reason that causes the shade and hotspots on
commercial and household PV stations. This bottom soiling could form a “shading belt”

with different widths. At some extreme conditions, the “shading belt” could completely
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cover the PV module, which will decrease the power generation, harm the PV module
generation capacity, and shorten the life span of the PV module. Compared with the regular
module, the Full-Screen PV module could increase power generation by 11.50% in the
equivalent period. This experiment illustrates the Full-Screen PV Module with the front

A-side frameless design, which could avoid the bottom soiling and decrease the shadow

shading caused power generation loss.
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