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N-Type Module Case Study

Output Performance of TOPCon and PERC Module by 
TÜV Nord in Malaysia

Figure 1. Location of the power station on Google Map

6 pieces of three types of module, 182 TOPcon bifacial module type, 
182 PERC bifacial module type and 210 PERC bifacial module type, 
were installed in fixed 1P shape and connected to the grid with 
HM-1500 micro-inverters. The basic module information is shown as 
below.

The output terminal of each module is implanted with high-precision 
sensors to monitor the modules' power generation parameters in real 
time, and the data is aggregated and calculated through Alibaba 
Cloud platform digital monitoring system. In addition, the cloud plat-
form digital monitoring system can realize the monitoring of real-time 
meteorological data of the demonstration site, and can also calculate 
the performance ratio of the theoretical and actual power generation 
of the photovoltaic system. All the power generation test data, meteo-
rological data and data filtering provided in this report are completed 
by Python programs, so as to improve the speed of data processing 
and reduce the inefficiency, complexity and error-prone of manual 
Excel processing.

1 DEMONSTRATION PROJECT OVERVIEW

1.1 SYSTEM INTRODUCTION
This project is located in the PV Field Trial Base in Selangor region, 
Malaysia. Selangor region has a typical tropical rainforest climate, with 
an average temperature of 28.2 °C, extreme maximum temperature of 
38.5 °C, and annual rainfall of 2628 mm.
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Main information of the field trial system is listed in the table below.
 

Project Location 

GPS Coordinate 

Annual Sun Exposure Hours 

Annual Global Horizontal Irradiation

Annual Average Temperature

Annual Average Relative Humidity

Date of Grid-connection

Installation Method

Azimuth Angle

Height Above Ground

Surface Condition 

PV Field Trial Base in Selangor Region, Malaysia

3°2’ N，101°47’ E

2222.3 h

5756.4 MJ/m2

28.2 °C

81%

December 2022

Fixed 1P, 10°

Due south, 0°

1m

Concrete surface

E3FXJ1220529610003868729

E3FXJ1220529610003868860

E3XXF2220607180074875160

E3XXF2220609180075820880

N/A

N/A

548.70

549.17

542.87

544.61

650.59

650.08

Equipment CategoryMeasurement parameterUnitSensor typeAccuracy

Module-level 
monitoring equipment

Multi-sensor 
weather station

Data acquisition 
equipment

DC voltage

DC current

DC power

Module temperature

In-plane frontal irradiance

Atmospheric pressure

Wind speed

Wind direction

Ambient temperature

Relative humidity

Rainfall

V

A

W

℃

W/m2

Pa

m/s

°

℃

%

mm

≤0.5%

≤0.5%

≤0.4%

±0.3℃

0.2%

±2%

±1.1%

±4°

±0.4℃

±4%

0.25mm

Acrel

T-type thermocouple

Kipp&Zonen CMP10

SONBEST SM2182B

Metone034B windsensor

Campbell CS215 
temperature / RH probe

SR 50A CSE sonic ranging 
sensor

Campbell CR1000Xsensor



///////////////////////////////////////////////////////////// Module Type Accumulated Energy Yield �
kWh�� Accumulated Normalized Energy Yield �
kWh/kW�� Accumulated 

Normalized Energy Yield Gain

205.32192.42227.89 374903353.88350.42 5.69%BL

-8497%

Irradiance

 range�-�.�0�������0�������+�/�����%�'�9�3�¬ �
kWh/kW��JKM545N-72HL4-V �
kWh/kW��210 PERC bifacial module �
kWh/kW��

�”���������:���€2200~400 W/m2400~600 W/m2600~800 W/m2800~1000 W/m2�#1000 W/m231.4461.8165.4554.8555.8266.26

34.3266.2869.3757.4958.0068.4334.5566.3369.2257.015699566.36 Module temperature range �-�.�0�������0�������+�/�����%�'�9�3�¬ �
kWh/kW��JKM545N-72HL4-BDV �
kWh/kW��210 PERC bifacial module �
kWh/kW�� 20~30 �¥ 30~40 �¥ 40~50 �¥ >50�¥ 269939 027164.159 068 25.0685.62155.2887.92 25.5582.5115 0209 016 Normalized energy yield and gain in different module temperature ranges 182 TOPcon bifacial182 PERC bifacial210 PERC bifacial Module Type

Theoretical 

Energy Production �
kWh��

Actual Energy Production �
kWh�� Quarterly 

Performance Ratio PR

213.80211.77253.29205.32192.42227.8996903%98486%89.97%


