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Overview

ω Introduction
ςBifacial PV modules

ςModelling the backside irradiance

ω PVsyst Approach do model bifacial installations
ςModel describing shed installations

ςCalculation of backside irradiation

ςSome first qualitative results

ω Summary and Outlook
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Approach for Bifacial Modules in PVsyst

Treatment of bifacial modules

Å Front side irradiance is added to 
backside irradiance x bifacialityfactor (default is 0.8)

Å From this Effective irradiance follows the IV-curve.
Å Loss factor describing shadings of mounting structure 

and junction boxes
Å An additional mismatch factor is foreseen to account 

for inhomogeneous rear side illumination
Å This approach is an approximation

The main challenge is to calculate the additional 
backside irradiance including its inhomogeneity

Front side irradiance
Back side irradiance

x
bifacialityfactor

Effective irradiance

IV-Curve
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Standard Irradiance Calculation

Å Direct
Subject to near shadings depending on sun position

Å Diffuse
Subject to shading factor that is constant for a given plane orientation
Calculation of angles that shade the diffuse

Å Albedo
Subject to shading factor that isconstant for a given plane orientation
Calculation of azimuth angles that are blocked

Irradiance on PV modules has 3 components

Shadings of the direct irradiance Shadings of the diffuse irradiance

Azim 0Á Azim -20Á Azim -40Á

He 10Á

He 20Á

. . .

. . . Diffuse shading factor is an integral 
over all hemisphere directions
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Albedo and Near Ground Scattering

Å Albedo (of transposition model)
Reflections and scattering from ground that is far away.
Obstacles will shade all the albedo for a given azimuth.

Å Near Ground Scattering (for bifacial simulations)
Light scattered back from ground that is close to the PV modules.
Subject to near shadings with solid angle calculation.

Albedo is not the same as Near Ground Scattering

Bifacial PV installations can not be described by a modified albedo only..

Albedo scattering

Albedo visible

Albedo shaded

Near ground scattering

Ground scattering is 
only partially shaded
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Systems with Bifacial Modules in PVsyst

Basic approach for bifacial modelling

Å Fraction of direct irradiance that reaches the 
scattering ground (depends on sun position)

Å Fraction of diffuse irradiance that reaches the 
scattering ground (single factor)

Å Factor describing the scattering off the ground 
(Ground Albedo)

Å Factor for backside acceptance of scattering 
ground (form factor)

Å (Constant loss factor describing shadings of 
mounting structures, cabling and junction boxes)

Å Only light scattered back from the ground contributes to backside illumination.
Å Direct and sky diffuse irradiance contribute to ground illumination
Å Sky diffuse is isotropic
Å Only scattering is considered (no specular reflections)
Å The diffuse reflection is isotropic (LambertianSurface)
Å Non-homogeneous illumination of backside is neglected at this stage

Assumptions for bifacial calculation

Sketch explaining bifacial model

Direct Irradiance

Diffuse Irradiance

Ground Scattering

Bifacial Module

Incoming light, and light scattered back to modules
depend on the position
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Bifacial modules in PV installations

Å Vertical mounting
Diffuse and direct light can reach the PV 
module on both sides.

Bifacial modules are used in different situations

Sketch showing vertical bifacial systems

In a first step, PVsyst will model bifacial systems only for shed geometries.

Sketch showing shed bifacial systems

Å Sheds
Light can reach the ground between 
the sheds and scatter back to the 
module backside.
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Bifacial Modules in Sheds

PVsyst Model to determine bifacial parameters for regular shed configurations

Simplified 2D calculation
Rows without boundary effects (infinitely long)
Parameters:
ÅTilt, Azimuth
ÅWidth, Pitch
ÅHeight above ground
ÅGround Albedo
The factors for the bifacial calculation can be 
determined by integrating over the distance between 
rows
Direct and sky diffuse are only computed for front side.
Near ground scattering is only computed for backside.

Calculation proceeds in three steps
1. Ground Acceptance of 

direct light
2. Ground acceptance of 

diffuse light
3. Backside acceptance of 

ground (form factor)
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Calculation of Direct Light on Ground
Ground Acceptance of direct light

1. Profile Angle and Limit Angle 
determine the amount of directly 
illuminated ground surface

2. Height over ground and profile angle 
determine the position of the 
illuminated strips.

Limit Angle

P

q alim
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aprof

Profile angle

Azimuth a

Profile angle aprof
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Examples of Direct Light Ground Acceptance

Ground Acceptance of direct light

Ground irradiance over one day

Momentary Ground irradiance

Geneva, 21. June, 19:00h

Geneva, 21. June, 12:00h 21. June

Illuminated ground is composed of homogeneously illuminated strips
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Calculation of Diffuse Irradiance on Ground
Ground acceptance of diffuse light

- Diffuse irradiance from sky is isotropic.
- Ground acceptance of diffuse light is a 

function of the position on the ground.
- Underneath the sheds the irradiance is 

smaller.
- Inhomogeneity tends to level out with 

increasing mounting height.

sheds at ground level 1m over ground 2m over ground
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Calculation of Form Factor
Backside acceptance of ground 

(Form Factor)

Ground scattering is isotropic
(LambertianScattering)

sheds at ground level 1m over ground 2m over ground

- Ground scattering is isotropic 
(LambertianScattering)

- Form Factor is a function of the position on 
the ground.

- Underneath the sheds the form factor is 
large.

- Inhomogeneity tends to level out with 
increasing mounting height.
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Calculation of Total Irradiance on Backside
Putting it all together

Direct Diffuse

Irradianceon Ground is specific 
for location and geometry.
In this case (Geneva): 
- Almost no direct in winter
- Fraction of diffuse on ground 

is constant over the year

Irradiance 
on Backside:

Combine Ground 
acceptance with 
Form Factor

+

Irradiance
on ground

Absolute irradiance Normalized to horizontal

Absolute irradiance Normalized to Front

For this location and geometry, 
the additional bifacial gain is
obtained mainly in summer
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Example shed installation
Basic PV system with sheds:

90 kWpin 6 rows of 3 x 20 modules landscape
Location Geneva, Switzerland: 46.3ÁN, 6.1ÁE
25ÁTilt, 6m Pitch, 3m Width
Mounted 1m over ground
PV surface: 600 m2

Ground surface: 33m x 33m = 1000 m2

3D shading scene

Definition of bifacial shed model


