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Bifacial module with leading half-cut cell technology

Double glass2010 Worldwide leading double glass module 
manufacturer

Ku (Half -cell)2010 Worldwide No. 1 Ku module manufacturer 
Capacity>5GW, Shipment>3GW

BiKu2017 Worldwide NO.1 manufacturer to offer 
bifacial Ku poly module ，shipment>300MW

Canadian Solar’s BiKu ：Based on Eight years’  track record
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Front

Rear

• Sta te  of the  a rt MCCE (Meta l Ca ta lyzed  Chem ica l Etch ing)

• PERC structu re  using  ALD Al2 O3 passiva tion

• 5 busbar de sign  /  MBB m ulti-busbar (9)

• Controlled  LID/LeTiD

• Exce llen t low ligh t re sponse

• Lower tem pera tu re  coe fficien t

• Enable s Bifacia l ce lls

Main Characteristics

Canadian Solar Poly PERC technology introduction
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Changshu bifacial field trial overview
Changshu project located in Suzhou, Jiangsu Province, East China, total system size is 28 kWdc.
Climate type is typical Humid with hot summer.

Latitude :39.7°
Longitude :106.8°
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Item Mounting 
type Module type Module 

quantity
DC capacity 

(Kw)

Inverter

Product type Nominal 
power MPPT number Max input current

FT1

Single axis 
tracker(1*10)

3U-MS-FG
(single facial)

10 3.71

GROWATT 
1000TL3-S

10kW 2 13A
FT2 10 3.70
FT3 3U-MB-FG

(bifacial)
10 3.67

10kW 2 13A
FT4 10 3.69

FT2
FT1

FT3
FT4Single  facia l

b ifacia l

Changshu bifacial field trial basic information

Albedo meters
Silicon sensor 
on back side
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Field trial data cleaning methodology
Data processing item Description
Data  sou rce DC re la ted  pa ram e te rs and  clim a te  da ta  with  1m in  in te rva l

Basic ou tlie r filte r
 PArray-DC< 5W;
 POA < 20W/m 2; 
 Events and  m issing  da ta  
 Box p lot extrem e  and  m ild  ou tlie rs for Power/irrad iance  

Com parison  crite rion Specific ene rgy yie ld  ca lcu la tion (kWh/kW) with  fron t side power

Bifacia l ga in  de fin ition
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Bifacial field trial testing results- Energy yield

Data source: DC side on field trial platform in Changshu, China.  Testing period : Feb-Oct, 2018  

Monthly albedo

During normal operation 231 days, accumulated bifacial gain for the tracker system is 9.5%

under average albedo 26%.
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 Canadian  Sola r's  own  sim ula tion  tool, CASSYS

 Freeware  and  open-source : h ttp :/ /canad iansola r.g ithub .io /CASSYS/ 

 Inpu ts and  unde rlying  m ode l a re  ve ry sim ila r to  PVsyst 

❖ Som e  a lte rna te  m ode ls a re  ava ilab le  like  spectra l correction .

❖ Can  be  run  with  any tim e  step  and  in  ba tch  m ode

 NREL’s Python  code  nam ed BifacialVF . (Only used  for irrad iance  sim ula tion)

 Freeware  and  open-source : h ttps:/ /g ithub .com /NREL/b ifacia lvf

 One  of the  m ost popu la r com m ercia l sim ula tion  software  tools, PVsyst.

Energy modeling methodology -software introduction
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Simulation VS measurement - Energy yield

Bifacial energy yield difference between simulation and measurement can match well 

within reasonable uncertainty range .

（Sim. -Test)/Test (%)

CASSYS PVsyst

-1.9% 2.6%

（Sim. -Test)/Test (%)

CASSYS PVsyst

-0.7% 3.6%
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Different simulation approach on backside irradiance and energy yield

Measured DNI, GHI . 
Measured F ront POA,

Monthly Albedo 
Ambient temperature

Simulation A (DNI+GHI) Simulation B(POA) 

BifacialVF

Irradiance and Power simulationIrradiance
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Irrad iance

VS

Measured DNI, GHI , （Using Changshu 
Ambient temperature and Albedo ）

Measured F ront POA， Rear POA, Albedo,  
Ambient temperature ，DC power

Irrad iance

Simulation A (DNI+GHI) comparison

Simulation A Measurement

Limitation ：

The  irrad iance  da ta  in  two ne ighboring  p laces were  adop ted .

Remark: 

Filte r the  m easured  POA irrad iance  d iffe rence  m ore  than  50W/m 2

.
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Simulation A (DNI+GHI) VS measurement- Front POA irradiance

Note: Mode l transposition  unce rta in ty(2-3%) and   m easured  d iffe rence  be tween  sensor d iffe rence  
be tween  the  pyranom ete r and  Si sensor(1-3%) shou ld  be  conside red ,

（Sim. -Meas.)/Meas.(%)

NREL CASSYS PVsyst

1.8% 3.8% 5.2%

Three approaches showed reasonable uncertainty expectation on front irradiance simulation. 
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Simulation A (DNI+GHI) VS measurement-Rear POA irradiance

（Sim. -Meas.)/Meas.(%)
NREL CASSYS PVsyst
10.6% 32% 24%

Three approaches showed aggressive results on rear irradiance simulation ?

Additional factors that influence 

the results need to be studied.

MBE: Sim. -Meas.
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sensor

Module

sensor
sensor

Tube

1.5 m 1.3 m 1.4 m

Simulation limitation – Backside irradiance sensor height 

Sensor height difference is one of simulation deviation sources.
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Average of three sensor 
irradiance is about 35.6% 
higher than middle 
irradiance sensor.

sensor

Module

sensor
sensor

Tube

1.5 m
1.3 m

1.4 m

Remark: 

 Module installation height 1.5m used as simulation input.

 Measured rear side irradiance heights are 1.4m and 1.3m 

for edges and middle positons respectively.

（Sim. -Meas.)/Meas.(%)
Approach NREL CASSYS PVsyst

Before
correction

10.6% 32% 24%

Afte r correction -25% -3.6% -11.6%

After correction, the simulation results become conservative. It is not very easy to 
match very well.

Simulation A (DNI+GHI) VS measurement- Corrected Rear POA irradiance
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Simulation A (DNI+GHI) VS measurement -Rear POA irradiance
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Measured F ront POA，
Albedo,  Ambient 

temperature ，DC power

Measured F ront POA, 
Monthly Albedo 

Ambient temperature

VS MeasurementSimulation B

Simulation B (POA) approach comparison

Irrad iance  and  Power Irrad iance  and  Power
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Simulation B (POA) approach VS measurement - Rear POA irradiance

For rear side irradiance: CASSYS and PVsyst are still aggressive ?

（Sim. -Meas.)/Meas.(%)
Approach CASSYS PVsyst

Before corrected 24% 14%
Afte r corrected* -11.6% -21.6%

Remark ：Average  of th ree  sensor irrad iance  is  abou t 35.6% h ighe r than  
m idd le  irrad iance  sensor. He igh t b rings add itiona l unce rta in ty.
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Simulation B (POA) VS measurement - Energy yield
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Irrad iance  and  Power

One minute
measured 

minutely 
albedo

VS

One hour
measured 
hourly 
albedo

One hour
measured 
monthly 
albedo

Measured F ront POA, Albedo 
Ambient temperature

Different simulation time intervals comparison

Measured F ront POA， Rear POA, 
Albedo,  Ambient temperature ，DC 

power

Irrad iance  and  Power

MeasurementSimulation

CASSYS can provide alternative time step from 1min to hourly for key parameter input.
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Different time intervals - Rear POA

Minutely simulation results is a little better than hourly and monthly on back irradiance level.

（Sim. -Meas.)/Meas.(%)

Tim e  step Minu te ly a lbedo Hourly a lbedo Month ly a lbedo
MBE/AV 22.1% 22.7% 23.6%
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Different time intervals – Energy yield

Simulation results with different time steps show the same level in energy yield side. Current 

monthly albedo should be enough for bifacial energy yield simulation. 

（Sim. -Meas.)/Meas.(%)
Tim e  step Minu te ly a lbedo Hourly a lbedo Month ly a lbedo

MBE/AV -1.5 % -0.8% -1.1%
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Field trial results01

Bifacial system simulation analysis 02

Conclusion 0503
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Conclusion

 Three simulation approaches (NREL,PVsyst,CASSYS) seem relatively conservative 

considering the limitation of sensor type, height, position, etc.

 Energy yield simulation and measurement in Changshu field match well within 

reasonable uncertainty range. Rear side simulation under low albedo is not sensitive to 

energy yield impact.

 Different time intervals for albedo input  are not sensitive under low albedo for bifacial 

energy yield simulation.
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Next step

In order to simulate more accurately next step, we will
 Se t up  m ore  accura te  irrad iance  sensor te sting  system  with  m ore  reasonab le  position

 Sim ula te  th rough  stronger irrad iance  sim ula tion  software ( like  Rh inoce ros +DIVA )

 Albedo te sting  m e thod  and  ca lcu la tion  needs to  a lign  the  sam e .

 Specia l m odules can  be  m ade  to  m onitor and  ve rify irrad iance  non-un iform ity on  back side .

 ……

Thanks for continuous contribution to bifacial energy modeling 

from PVsyst, NREL,SANDIA,CASSYS,... 

Canadian Solar will share learnings about simulation 

experience based on more field test data!
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New Field trial testing in Wuhai

Location Mounting
type Module type Module Qty String Qty Invert Remark

1-17
Red  zone

Landscape
3*6

CS3U-355PB-FG 216 12 Sungrow
SG80KTL-M

The  sam e  BOM for b ifacia l and  
m onofacia l m odu leCS3U-355P-FG 216 12

Total 24 strings

Key parameter Value

Tilt 35°

Heigh t above  the  
g round 0.5m (fixed）

pitch 8m (fixed)

Ground  a lbedo 0.3

Mounting  structu re Triang le stee l structu re

Founda tion Screw stee l tube

Cable connection Up and  down  string
connectionBack side  irrad iance  m onitoring Ground  Albedo m onitoring

Sing le  facia l m odule b ifacia l m odule
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