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Bifacial energy yield gain 5-15% or better![3]

𝐴𝑀1.5 𝜆 × 𝐴𝑥 𝜆 × 𝑁𝑥,200 𝐴𝑀1.5 𝜆 × 𝐴𝑥 𝜆 × 𝑁𝑥,𝑠𝑦𝑠𝐴𝑀1.5(𝜆) × 𝐴𝑥(𝜆)

𝐴𝑀1.5(𝜆)𝐴𝑀1.5 𝜆 +
(𝐴𝑀1.5(𝜆) × 0.2 × 𝜑)

Performance of Spectral Albedo Adapted 
IEC Bifacial Method

Albedo
Pmp (W/m2)

Scaled IEC Adapted IEC
Snow 251.9

242.1

251.5
White sand 245.7 245.8
Dry grass 230.0 230.0
Concrete 220.5 220.7
Roof shingle 219.8 220.2
Green grass 220.3 220.2
Red brick 216.2 216.4
Average 
difference

- 20 W/m2 0.2 W/m2

• Bifacial photovoltaics >80% of solar market-share by 2030[1]

• Rear irradiance varies 0-700 W/m2, primarily driven by ground albedo[2]

• No consensus on how to implement albedo in bifacial measurements

𝑁𝑥,𝑠𝑦𝑠 =
𝑹𝒙 ׬ 𝐴𝑀1.5 𝜆 𝑑𝜆

׬ 𝐴𝑥(𝜆)×𝐴𝑀1.5 𝜆 𝑑𝜆
𝑁𝑥,200 =

200𝑊/𝑚2

׬ 𝐴𝑥(𝜆)×𝐴𝑀1.5 𝜆 𝑑𝜆

𝐸𝑥 = 𝑃𝑜𝐴f,tot ×
𝑃mp,𝑥

1000W/m2 ×

𝐴𝑟𝑒𝑎

αEQE,x=
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αx=
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Broadband albedo

Bifacial Equivalent irradiance Max rear irradiance Fixed rear irradiance

IEC METHODS SPECTRAL ALBEDO METHODS

𝐴𝑀1.5(𝜆)

Test rear scaling factors 0.1-0.25 (100-250 W/m2)

• Adds equivalent of the 
rear irradiance to the 
front

• Requires bifaciality,ϕ

• Rear uniform AM1.5 
scaling

𝐴𝑀1.5(𝜆)

𝐴𝑀1.5(𝜆) × 0.2

𝜆

• Accounts for power and 
spectral effects

• Overestimates rear 
irradiance

• All scaled to 200 W/m2, 
effect of spectral shape 
only

• Accounts for power and 
spectral effects

• Scales rear to represents 
outdoor system operation

𝐴𝑀1.5(𝜆)

Scaled rear irradiance

Lab implementation possible using a spectral mismatch factor

• 𝑁𝑥,𝑠𝑦𝑠 adjusts rear irradiance to field operating levels

• 𝑅𝑥 is plane-of-array irradiance (𝑃𝑜𝐴) rear-to-front ratio 
of an outdoor bifacial device with albedo 𝑥

• IEC standards suggest testing 100-250 W/m2 on the rear (𝑅𝑥=0.1-0.25)
• Calibrate rear irradiance for each spectral albedo 

𝑨𝑴𝟏. 𝟓(𝝀) × 𝑹𝒙

𝐴𝑀1.5(𝜆)

𝐴𝑀1.5(𝜆) × 0.2

𝑨𝑴𝟏. 𝟓 𝝀 +
(𝑨𝑴𝟏. 𝟓(𝝀) × 𝑹𝒙 × 𝝋)

𝐴𝑀1.5 𝜆 +
(𝐴𝑀1.5(𝜆) × 0.2 × 𝜑)

Scaled rear irradiance method parameters
Spectral albedos, 𝑥 Snow White 

sand
Dry 
grass

Concrete Roof 
shingle

Green 
grass

Red 
brick

HSAT 𝑅𝑥 0.248 0.219 0.139 0.092 0.089 0.089 0.070
𝑁𝑥,𝑠𝑦𝑠 0.263 0.292 0.304 0.318 0.322 0.320 0.341

Rear irrad. (suns) 0.224 0.195 0.133 0.091 0.083 0.077 0.080

Latitude 
Fixed-
Tilt

𝑅𝑥 0.218 0.319 0.206 0.140 0.135 0.135 0.106
𝑁𝑥,𝑠𝑦𝑠 0.231 0.425 0.451 0.485 0.489 0.485 0.516

Rear irrad. (suns) 0.197 0.285 0.197 0.138 0.126 0.117 0.121

Adapted IEC Methods for Albedo
Spectral albedos, 𝑥 Snow White 

sand
Dry 
grass

Light 
sand

Conc-
rete

Roof Green 
grass

Red 
brick

Soil

Broadband albedo, 𝛼𝑥 0.85 0.67 0.44 0.33 0.29 0.26 0.24 0.23 0.19
EQE-weighted albedo, 𝛼𝐸𝑄𝐸,𝑥 0.94 0.75 0.46 0.34 0.29 0.28 0.28 0.21 0.18

𝑹𝒙 0.248 0.219 0.139 0.106 0.092 0.089 0.089 0.070 0.061

• Scaled rear irradiance method best represents outdoor operation and predicts bifacial gain 
with a simple calculation to within 2% of outdoor systems across North America

• IEC bifacial measurement standards can be adapted to include broadband or spectral albedo
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Maximum power (Pmp) modelled for each method using developed Sentaurus
optoelectronic model for textured devices under bifacial illumination[7] 

[4]
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Hourly albedo (𝜶𝑬𝑸𝑬) data[6]

𝑅𝑥 =
σ𝑡𝑥 𝑃𝑜𝐴𝑟

σ𝑡𝑥 𝑃𝑜𝐴𝑓

DUET, 3D view factor model for fixed tilt or horizontal single-axis tracked (HSAT) arrays[5]

𝐴𝑀1.5 𝜆 × 𝐴𝑥 𝜆 × 𝑁𝑥,𝑠𝑦𝑠

𝐴𝑀1.5(𝜆)

• Calibration works well for other locations around North America 
Ex) 𝑅𝑥 2% higher in Ottawa, 4% lower in Phoenix

Snow White sand Dry grass Concrete Roof   
shingle

Green grass Red brick

𝑹𝒙

n c-Si, 180 µm

ITO, 70 nm
p a-Si:H, 11 nm
i a-Si:H, 6 nm

n a-Si:H, 5 nm

Glass, 3 mm
EVA, 0.45 mm

Bifacial silicon heterojunction solar cell[7]

Max method Fixed method Scaled method

Scaled method reduces rear incident irradiance to levels typical during field operation

IEC methods 
line

Typical field 
operating 

regime

Boulder, CO

FIND OUT MORE: E. M. Tonita, C. E. Valdivia, A. C. J. Russell, M. Martinez-Szewczyk, M. I. Bertoni, and K. Hinzer, “A 

general bifacial photovoltaic device method to predict system performance,” Submission Under Revision (2022).

• Methods evaluated via 
estimations of outdoor 
performance

• HSAT energy yield, 𝐸𝑥, 
calculated with DUET[5]

• Estimations calculated 
with:

ACROSS NORTH AMERICA
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Boulder, Colorado

RMSE 2% 

RMSE 39% 

RMSE 10% 

RMSE 10% 

Mexico City Phoenix Boulder Ottawa Edmonton Cambridge Bay

• Overestimation expected

• Adapted IEC methods for albedo could inform future 
bifacial module power ratings

Monofacial efficiency ~20.2%
Bifacial efficiency

Soil ~21.4%
Grass ~22.0%
Sand ~24.6%
Snow ~25.2%

Albedo digitized from [3]

Spectral albedo, 𝑨𝒙 𝝀

Broadband albedo, αx
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𝑥 = Grass, sand,
concrete etc.

𝑁𝑥,𝑠𝑦𝑠 =
𝑅𝑥 ׬ 𝐴𝑀1.5 𝜆 𝑑𝜆

׬ 𝐴𝑥(𝜆)×𝐴𝑀1.5 𝜆 𝑑𝜆

Rear

Front

Rear

Front

Cambridge Bay 
69.1ºN, 105.1ºW

Ottawa
45.4ºN, 75.7ºW

Phoenix
33.5ºN, 112.1ºW

Mexico City
19.5ºN, 99.1ºW

Edmonton
53.5ºN, 113.5ºW

Boulder
40.0ºN, 105.3ºW

Calibrated plane-of-array irradiance ratio from scaled method 

𝜂 =
𝑃𝑚𝑝,𝑏𝑖.

𝑃𝑖𝑛𝑐,𝑚𝑜𝑛𝑜.

Max
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IEC under ‘Fixed’

𝒙


