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Measurement and validation 
of bifacial modules’ power 
output



Global Network for Photovoltaic Products
Testing, Certification and Advisory
Number 1 in PV module and component testing worldwide. 
Adviser to PV projects around the globe, representing more than 20 GW.
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Milestones in the Global Solar Business.
More than 35 years of experience in photovoltaic.

1990

R&D and PV 

product lab in 

Cologne

Project leader for the 

monitoring of the 

1,000 Roof Program 

in Germany

1982 1996

Laboratory for PV 

module testing in 

Arizona (former 

ASU-PTL)

First type-approval 

certification of a 

crystalline 

PV module

2007

Provide testing 

and certification 

service in Greater 

China

1992

1998

Active in IEC 

standardization 

for PV products 

and systems

2006

Solar operation 

initiated in Japan

2009

Golden Sun 

project initiated in 

China

2012

PV lab  

established 

in India

Renewable 

energy law 

implemented 

in Japan

2012

2014

Solar operations 

start in Brazil and 

UAE 

2000

Renewable 

energy law 

implemented in 

Germany

New, high-tech R&D 

and PV product lab

in Cologne

Battery testing  lab 

in Nuremberg 

2013

OSHA 

accreditation 

according to 

UL1703
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Insights: Global setup PV Power Plant Services
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TÜV Rheinland – Solar Energy Worldwide 
Quality, safety and reliability around the world

6 PV test laboratories + several 
outdoor test fields 

> 20 GW Inspected PV projects

> 250 Experts

No 1in PV module and component testing worldwide

35 Years experience in PV product testing

27 Years experience in Power plant inspections
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Bifacial State of Art
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Technology state of art, reaching the efficiency pick?
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Bifacial, Market factors
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Key factors affecting performance and energy yield of bifacial 
PV modules
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Energy yield of mono-facial PV modules

Spectral
response

Angular
response

Low
irradiance
behavior

Electrical
stability

Temperature
coefficients

NMOT*

Nominal
power

PV
Energy 

yield
Climatic conditions

TAMB GPOA Eλ Wind Soiling

Constant PV module 
characteristics

Variable PV module 
characteristics

NMOT = Nominal Module 
Operating Temperature
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Irradiance: 
sun, sky

Module 
quality

Mounting 
construction

Height to 
horizontal 

ground 

Tilt angle

Ground 
albedo

Key factors affecting performance and energy yield of bifacial PV modules
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Albedo factor of 
ground surface

Height above 
ground

Inclination angle

Factors influencing the bifacial gain:

Diffuse sunlight

Reflected 
diffuse sunlight

Sunlight to 
module front

Reflected 
direct sunlight

 Electrical performance of rear side
 Bifaciality factor ϕPmax

 In-plane irradiance on rear side Ground 
albedo

Height 
above 

ground

Energy yield of bi-facial PV modules – Location and Installation Location & 
Installation:

Rear 
shading
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Energy yield of bi-facial PV modules –Tilt Angle
Tilted 

South/North oriented Horizontal Vertical 
East/West oriented

 Depending on ground 
albedo, irradiance and 
installation conditions 
up to 30% bifacial 
energy yield gains for 
fixed inclination angle.

 Solar tracking of PV 
array can result in up 
to 50% bifacial energy 
yield gain.
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Energy yield of bi-facial PV modules

Surface Albedo Expected
yield gain

Water 5-8% 4-6%

Bare soil 10-20% 6-8%

Green grassland, 
gravel

15-25% 7-9%

Concrete ground / 
white gravel

25-35% 8-10%

Dry / dune sand 35-45% 10-15%

Reflective roof
coatings

80-90% 23-25%

Fresh snow 80-95% 25-30%

Impact of ground 
reflectance

Impact of rear shading from mounting structure

Rear shading can eliminate bifacial gain and cause 
cell heating.

Impact of ground clearance

A larger distance from the ground increases the 
bifacial gain. For ground clearance larger than 2m 
the rear side will be homogeneously illuminated 
and bifacial gain saturates.

Ground 
albedo

Height 
above 

ground

Rear 
shading

Mounting rail 

Mounting rail 
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R&D results on real-world measurements and validation with 
simulations
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TÜV Rheinland test sites for PV module energy yield measurement

Cologne, Germany Thuwal, Saudi-ArabiaTempe, Arizona, USA Chennai, India

Location
Köppen-Geiger 

climatic 
classification

Tilt angle
Yearly sum of     
in-plane solar 

radiation

Fraction of low 
irradiance

(GPOA < 200 W/m²)

Average ambient 
temperature 

(GPOA> 15 W/m²)

Annual 
precipitation

Average  
relative 

humidity

Cologne
(Germany)

Cfb
(temperate)

35°
(Gravel) 1257 kWh/m² 19 % 13,0 °C 774 mm 74.3%

Tempe 
(Arizona, USA)

Bwh
(desert)

33.5°
(Gravel) 2396 kWh/m² 5 % 25,6 °C 219 mm 33.4%

Chennai 
(India)

Aw
(sub-tropical)

15°
(Concrete) 2102 kWh/m² 9 % 30,5 °C 1197 mm 74.7%

Thuwal
(Saudi-Arabia)

Bwh
(desert)

25°
(Gravel) 2329 kWh/m² 4 % 30,2 °C 70 mm 66.8%

Source: TÜV Rheinland, 3 years data monitoring
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Comparative energy yield assessment of mono-facial and bifacial PV modules

Mounting rack with mono-facial PV modules Mounting rack with mono-facial, bifacial (Height 
above ground = 1.5 m), and thin-film PV modules

Data recording period: from JUL 2017 
Irradiance measurement: In-plane front and rear, Global and diffuse horizontal, direct normal
Module temperature: Pt100 surface temperature probes (PV module center and edge)
PV module output power: Individual MPP tracking with electronic loads
Data recording interval: 30 seconds, time-synchronous
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Comparative energy yield assessment of mono-facial and bifacial PV modules

18 16-Apr-20 PVM_WEBINAR_16042020_VR



Comparative energy yield assessment of mono-facial and bifacial PV modules

 Electrical performance bifacial module types is slightly worse compared to mono-facial modules types.

 Rear performance of bifacial PV modules is worse compared to front side.

Test samples – Efficiency loss due to low irradiance & Pmax temperature coefficients 

Front Rear

-2,6%

-3,4%

-2,8%

-0,00424

-0,0042

-0,00396

-0,0041

-3,8%

-4,0%

Efficiency Loss @ 200 W/m²

-2,9%

-1,0%

-0,6%

-0,3%

-2,0%

bifi 3&4

PV Module 
Type

Bifaciality 
Factor φPmax

mofi 2

mofi 3&4

mofi 5&6

mofi 7&8

mofi 9&10

Pmax Temperature 
Coefficient 

mofi 11&12

bifi 1&2

-0,00405

-0,00389

-0,00403

-0,00417

0,884

0,875

  1/K

  1/K

  1/K

  1/K

  1/K

  1/K

  1/K

  1/K

n-type PERT
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Energy yield performance of PV modules is commonly expressed by the Module Performance Ratio (MPR):

 MPR is a normalized parameter, which is independent of received irradiance. It allows to compare PV 
modules with different output power, which are measured at different sites, with different orientations or in 
different periods.

𝑀𝑀𝑀𝑀𝑀𝑀 =
⁄𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 (𝐸𝐸) 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠)

⁄𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (𝐻𝐻) 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 (𝐺𝐺𝑠𝑠𝑠𝑠𝑠𝑠 = 1000 𝑊𝑊
𝑚𝑚2)

Comparative energy yield assessment of mono-facial and bifacial PV modules
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Bifacial c-Si PV modules
Mon-facial c-Si PV modules
Thin film PV modules

Bifacial gain:
 + 11% compared to mono-

facial c-Si
 + 7% compared to thin-film

Monitoring period: JUL 2017 – APR 2018

Comparative energy yield assessment of mono-facial and bifacial PV modules
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Comparative energy yield assessment of mono-facial and bifacial PV modules

 Bifacial gain increases with fraction of diffuse 
solar irradiance

 Bifacial gain (blue bars) is well correlated with 
fraction of rear side irradiance (green line)

 The difference is mainly determined by the 
bifaciality factor ϕPmax
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Overview of different power measurement approaches, 
standards, and R&D results
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Motivation and Background for Measurement Standards
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 Sales price of PV modules is based on STC measurements

 Bifacial modules have higher performance (PR>100%) than 

monofacial, due to the contribution of rear face irradiance

 PV-modules with unclear rating conditions were seen in the market
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Bifacial Standard Test Condition (BSTC) 

25

𝐺𝐺𝐸𝐸𝑖𝑖 = 1000 W/m² + 𝜑𝜑 ∗ 𝐺𝐺𝑅𝑅𝑖𝑖
𝝋𝝋= 𝑀𝑀𝑀𝑀𝑀𝑀 (𝝋𝝋𝑰𝑰𝒔𝒔𝒄𝒄, 𝝋𝝋𝑷𝑷𝒎𝒎𝒂𝒂𝒙𝒙)

G=1 kW/m2 G=1 kW/m2

IEC 60904-1-2 CD 𝐺𝐺𝑅𝑅𝟏𝟏 = 100 W/m² 𝐺𝐺𝑅𝑅𝟐𝟐 = 200 W/m² 𝐺𝐺𝑅𝑅𝟑𝟑 = xxx W/m² 

2PfG 2645/11.17 𝐺𝐺𝑅𝑅𝟏𝟏 = 100 W/m² 𝐺𝐺𝑅𝑅𝟐𝟐 = 200 W/m² 𝐺𝐺𝑅𝑅𝟑𝟑 = 135 W/m² 

𝑮𝑮𝑬𝑬𝒊𝒊

• Front irradiance: 1000 W/m²
• Rear irradiance: 135 W/m²
• Equivalent irradiance:   1000 + φ·135 W/m²

Bifacial Standard Test Condition (BSTC) : [1]

• Module temperature: 25°C
• Spectral irradiance: AM1.5G

[1]  2PfG 2645/11.17: Measurement of I-V characteristics of bifacial photovoltaic devices and label requirements
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Electrical Data
STC BSTC

Nominal Power 300 W (±3%, k=2) 330 W (± 3.5%, k=2)
Open-Circuit Voltage (Voc) 38.5 V (± 1%, k=2) 39 V (± 1.2%, k=2)
Short-Circuit Current (Isc) 9.4 A (± 2.8%, k=2) 10.2 A (± 3%, k=2)
Bifaciality (φ)  0.7 (± 0.05, k=2)
Maximum System Voltage 1000 V IEC
Maximum OC Protection Rating 20 A
Power Temp Coef. (Pmpp) -0.4% / K (±0.05%, k=2)
Voltage Temp Coef. (Voc) -0.31% / K (±0.02%, k=2)
Current Temp Coef. (Isc) 0.05% / K (±0.01%, k=2)

STC: AM1.5G; Temp. = 25oC; Irradiance = 1000 W/m2

BSTC: AM1.5G; Temp. = 25oC; Irradiance = 1000+ φ·135 W/m2

Example of nameplate design for bifacial PV modules 
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Bifacial Standard Test Condition (BSTC) and 2PfG 2645/11.17

27

• Front irradiance : 1000 W/m²
• Rear irradiance : 135 W/m²
• Equivalent irradiance:   1000 + φ·135 W/m²

Bifacial Standard Test Condition (BSTC) :
defined in the same environment as defined in IEC 60904-3 with 1m ground clearance of bifacial PV modules

• Module temperature :      25 oC
• Angle of Incidence : 0 o

• Spectral irradiance : AM1.5G

2PfG 2645/11.17

Measurement of current-voltage 
characteristics of bifacial photovoltaic (PV) 

devices

Customer Value:

- Supplementary Rating (BSTC)
- Additional Labelling Information
- Verification of Labelling System
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Conclusion und Outlook

 BiFi module performance ratio (MPR) up to 11% compared to c-Si and 6,5% compared to thin film
 Sky clearness index and air mass are driving factors behind specific yield gains
 Loss analysis revealed that losses are comparable between mofi and bifi
 The use of extensive laboratory measurements and high accurate climate datasets led to a reduction of the 

EY model uncertainty to ±1%.
 Electrical stabilization effects to be further analyzed to enhance the precision of computer simulation tolls 

and reduce investment risks
 Further investigation for similar bifacial PV technologies at additional sites with different climatic and albedo 

conditions
 Bifaciality coefficient: easy indicator, simple design modifications can affect rear performance, low 

dependency on irradiance
 Expected high penetration on the PV modules pipeline (Americas and other) in the next years
 LCOE as a pull factor 
 Need of standardization and more investigation on new BOM`s (DG Vs GBS)
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Thank you for your attention !

Vitor Rodrigues
Regional Field Manager Solar SAM
Local Field Manager Solar Spain
TÜV Rheinland

Vitor.rodrigues@es.tuv.com
www.tuv.com
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