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Overview

« Introduction
¢ Bifacial PV modules
¢ Modelling the backside irradiance

w PVsyst Approach do model bifacial installations
¢ Model describing shed installations
¢ Calculation of backside irradiation
¢ Somefirst qualitativeresults

o Summary and Outlook
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Approach for Bifacial Modules in PVsyst

Treatment of bifacial modules

Front side irradiance is adde¢ao %
backsiddrradiance Xoifacialityfactor (default is 0.8)

Fromthis Effectivarradiancefollows the [\curve.
Loss factor describing shadings of mounting structure Front side irradiance:
and junction boxes

An additional mismatch factor is foreseen to account
for inhomogeneous rear side illumination

This approach is an approximation

Back side irradiance
X
bifacialityfactor
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Effective irradiance
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The main challenge is to calculate the additiona
backside irradiance including its inhomogeneity
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Standard Irradiance Calculation

Irradiance on PV modules has 3 components

A Direct
Subject to near shadings depending on sun position

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

A Albedo
Subject to shading factor that censtant fora given plan@rientation
Calculation of azimuth angles that are blocked

Shadings of the direct irradiance Shadings of the diffuse irradiance
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Diffuse shading factor is an integral
over all hemisphere directions




Albedo and Near Ground Scattering

Albedo is not the same as Near Groufdattering

A Albedo (of transposition model)

Reflections and scattering from ground that is far away.
Obstacles will shade all the albedo for a given azimuth.

A 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 scattering

Zenith

“west

Albedo visible
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Albedo shaded

Near ground scattering

Ground scattering is= =
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only partially shadec

Bifacial PV installations can not be described by a modified albedo only..
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Basic approach for bifacial modelling

A

Do o Do I

Systems with Bifacial Modules in PVsyst

Sketch explaining bifacial model

Fraction of direct irradiance that reaches the
scattering ground (depends on sun position) £ Bifacial Module
Fraction of diffuse irradiance that reaches the
scattering ground (single factor)

Factor describing the scattering off the ground
(Ground Albedo)

Factor for backside acceptance of scattering

———> Diffuse Irradiance

ground (form factor) I | » Ground Scattering

(Constant loss factor describing shadings of

mounting structures, Cab"ng and junction boxes) Incoming light, and_ I_ight scattered back to modules
depend on the position

Direct Irradiance

Assumptions for bifacial calculation

To o I T Do o

Only light scattered back from the ground contributes to backside illumination.
Direct and sky diffuse irradiance contribute to ground illumination

Sky diffuse is isotropic

Only scattering is considered (no specular reflections)

The diffuse reflection is isotropid_@ambertianSurface)

Nonhomogeneous illumination of backside is neglected at this stage
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;.
Bifacial modules in PV installations

Bifacial modules are used in different situations

A Sheds A Vertical mounting
Light can reach the ground between Diffuse and direct light can reach the PV
the sheds and scatter back to the module on both sides.

module backside.

i zepith

In a first step, PVsyst will model bifacial systems only for shed geome*ries.
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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)

e

Parameters:

A Tilt, Azimuth

A Width, Pitch

A Height above ground
A Ground 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 freide.
Near ground scattering is only computed for backside.

Calculation proceeds in three steps

1. Ground Acceptance of
direct light

Beam acceptance and reflexion
Limitangle = 21.1

0 2 4 5 8 10
Distance at ground leve! [m]

Bruno Wittmer

2. Ground acceptance of

diffuse light

Ground diffuse acceptance
Limit angle = 21.1

Standard bifacial model involving sheds-like configuration

{ Diientation parameters \

According to spstem :

Plane tit 250 "
Flane azimut [0.0 ﬁ° v

Sheds and ground parameter
Fitch 600 m v
Shed total width (300 m v
=» Prcfile angle lmit 211 *
Height above ground [1.00  m
Ground albedo (300 %

Irradiance on ground

21 June 12:00
Profile angle 67.5*
Beam clear sky 826 W/m2
Eeam fraction on Ground 45,9 %
Diffuse fraction on Ground 52,8 2
Global fraction on Ground  46.8 %

Daily irradiations for clear sky

Motk Al -

7.4 kwh/m2
1.4 kwh/m2

Beam clear sky

Diffuse clear sky
Eeam fraction on Ground - 508 %
Diffuse fraction on Ground 52,8 %
Global fraction on Ground - 51.1 %

A

0

2 4
Distance at ground level [m]

Inadiaticn on Ground

Ground Beam acceptance
Limit angle = 21.1

120

Distance at ground level [m]

Beam

100~ I vifuse

[t}
JanFebMar ApriayJun Jul AugSepOctNovDed sar

Ground reflexion form factor
Limit angle = 1.1

3. Backside acceptance of
ground (form factor)

N\

2

4 6
Distance at ground level [m]

8

Global on Ground, Monthly j

Big graph | Animation
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Calculation of Direct Light on Ground

Ground Acceptance of direct light etandand st modelivobing s S configuroton

Orientation parameters
According to spstem : Ground Beam acceptance

Plare tit : - Limit angle = 21.7
) . . Plane azimut : * 4
1. Profile Angle and Limit Angle Shrde o ground paramotor

H H it m
determine the amount of directly Shedm.a‘:idﬂm _________________________________________________________________________ 2

illuminated ground surface - Prole srgl it 22.3
aprof

. . Height above ground m
2. Height over ground and profile angle G abeda [300 | %

determine the position of the : I S T T

liradiance on ground

Distance at ground level [m]

1 1 1 21J 12:00
illuminated strips. 21 dune .
Profile angle B67.2 Graph
Beam clear sky 834 Wim2 tooor ! ! ! ! P
) Beam sky irra
Bear fraction on Ground 4400 % [ Beam on grgdnd Beam acceptance on groun
Diffuze fraction on Ground 508 % E N
Global fraction on Ground  44.9 % E Hour of day 1200
d p ) 800 |- - < >
Daily i iati [
ily irradiations for clear sky i Profle angle 67

Profile angle Manth sof 1 = S
Beam clear sky 7.4 kw'h/m2 ;
Diffuse clear sky - 1.4 Kwh/m2 200 1
Beam fraction on Ground - 49.2 % E
Diffuze fraction on Ground 50.8 % 0 3 5 3 12 s e 21 . Pa—
Global fraction on Ground 49,4 3% Hour of day 21106116 ig araph imation

Profile anglea
pro S . - ~
Limit Angle OEL
OAl 5
=~ Ai-9
/ >
Azimutha /
d Qjim "~~~

EIDDD
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Examples of Direct Light Ground Acceptance

Ground Acceptance of direct light

Momentary Ground irradiance

Geneva, 21. June, 12:00h

Ground Beam acceptance
Limit angle = 21.7

! ! L L ! L L
0 1 2 3 4 5 6 7 & 9 10
Distance at ground level [m]

Geneva, 21. June, 19:00h

Ground Beam acceptance
24i06/6 12h00, profile angle = 67.5°

.
0 1 2 3 4 5 6 7 8 ] 10
Distance at ground level [m]

llluminated ground is composed of homogeneously illuminated strips

Bruno Wittmer

Irradiance on ground

21 June 12:00
Prafile angle b7.5°
Beam clear gky 826 W/m2

Beam fraction on Ground 441 %
Diffuge fraction on Ground 508 %
Global fraction on Ground 4500 %

Irradiance on ground

21 June 19:00
Profile angle 146.7°
Beam clear ghy 126 Wim2

Beam fraction on Ground 864 %
Diffuse fraction on Ground 5008 X
Global fraction on Ground  74.4 %

Ground irradiance over one day
21. June

1000 - T T T

- Beam sky irra

3 Beam on grgfind
200 |- B
800 |-
ano |-
200

o . | 1 1
3 3 9 12 15 18 21

Hour of day 21/06M6

Daily irradiations for clear sky

M anth |J une j
Beam clear gky 7.4 Ewhi/m2
Diffuze clear zky 1.4 kwWh/m2
Beam fraction on Ground 492 X

Diffuze fraction an Ground 5008 %
Global fraction on Ground 49,4 2

D
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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.

Bruno Wittmer

Standard bifacial model involving sheds-like configuration

Orientation parameters
According to system : Ground diffuse acceptance

Plane tit [25.0 J v Limit angle = 21.1
Flane azimut |0.0 j ¥

Sheds and ground parameter
Fitch |6.00  m v

Shed total width [3.00  m v
=» Profile angle limit  271.1 *
Height abave ground [1.00 m

Ground albedo {300 %

liradiance on ground
21 June 12:00

Distance at ground level [m]

Profile angle 67.5°
Graph
Beam clear sky 826 Wim2 10 3 ! ! ! T T \ rap
. 0.gf— Diffuse acceptance -
Beam fraction on Ground 459 % |D|Ffu5e acceptance j

Diffuze fraction on Ground 52.8 %

Global fiaction on Ground 46,8 % X postion onground - 5.20 m

Kl _ 0

Daily irradiations for clear sky
Month  |June -

Beam clear sky 7.4 kw'h/m2
Diffuze clear sky 1.4 Kwh/m2
Beam fraction on Ground 508 % E

i i 0ok
Diffuze fraction on Ground  52.8 % 0 | > 3 .

c
5 6

i Big graph Animation
Global fraction on Ground - 51.1 % \ Distance below shed g grap

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

1 MRS RaRESEaas n 1 ARBARRARSS: T 1 ARBARRARSS:
o.gf-— Diffuse acceptance = .gf-— Diffuse acceptance E .gf-— Diffuse acceptance
0.8
07
06
0.5
0.4
0.3
0.2
0.1

0.0 L L L L L 0 L L L L L 0 L L L L L
0 1 2 3 4 5 6 0 1 z 3 4 5 & 0 1 z 3 4 5 &

Distance below shed Distance below shed Distance below shed
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Calculation of Form Factor

Backside acceptance of ground
(Form Factor)

- Groundscattering igsotropic
(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.

Ground reflexion form factor
Limit angle = 21.1 1.

Ry

] 2 4 B 8 10
Distance at ground level [m]

1

sheds at ground level

Standard bifacial model involving sheds-like configuration
Orientation parameters

According to system : Ground reflection form factor

Plane tilt ’ﬁﬁ° v Limit angle = 21.7
Plane azimut |0.0 ﬂ“ W q4
Sheds and ground parameter N
Fitch |6.00  m [V
Shed total width [3.00  m W 2
=» Profile angle limit 223 *
Height above ground (200 m 1
Ground albedo |30.0 3% ‘;&L/i,y
| ! ! ! ! ! ! ! B
Iimradiance on ground 0 ! 2 3 4 s 8 7 ¢ 0
) s B Distance at ground level [m]
FProfile angle 67.5" C s A craph
Beam clear sky 826 W/m2 E IFurm facl,tur ! !
Beam fraction on Ground 441 % 08 3 E |Form factor -
Diffuze fraction on Ground 5008 % 0.8 E T
Global fraction on Ground  45.0 % o7 3 E #posiion on giound 483 m
0sE E 4 »
Daily irradiations for clear sky 0s f_/'—'-—_h_h_L__—f: J J J
Maonth |June - 0.4 E— ]
Beam clear sky 7.4 k'wh/m2 0'35_ 3
Diffuse clear sky -~ 1.4 Kwh/m2 02 E
Beam fraction on Ground— 49.2 % 01E ]
R A ook 1 1 1 L 1
Diffuze fraction on Ground 50.8 % 0 B > 3 . 5 5 —
Global fraction on Ground  49.4 % Big graph Animation

1m over ground

2m over ground

1.0

1.0

Ground Scatterlng |s ISotroplc EZ_ Form factor 1 0af—— Form factor 1 E:: Form factor 1
(LambertianScattering) T 1 3 ]
£ ; £ ]
o - -
0.3F 3 03 E
0.2F E 0z B
01E E (X1 E

. w0 ‘ R N ot N ‘ N
0 1 z 3 4 6 0 1 3 4 5 6 0 1 2 3 4 5 6

Distance below shed Dist: belr hed Distance below shed
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Calculation of Total Irradiance on Backside

Putting it all together

Absolute irradiance Normalized to horizontal Irradianceon Ground is specific

Irradiance e NPT for location and geometry.
on ground ; . E In this case (Geneva):
! - Almost no direct in winter
T : - Fraction of diffuse on ground
: Is constant over the year
Combine Ground Direct Diffuse [l
acceptance with e gt rd s S Soans maramommarsersoans B sanaq oot v
Form Factor - - R e
~ A - /_/ + ) % 7
e e L S ==

Distance below shed Distance below shed

Absolute irradiance Normalized to Front

Irradiance N I R E For this location and geometry,
on Backside: . ) the additional bifacial gain is
obtained mainly in summer
E oL Enm—
4 E oo

(]
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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: 48M\8 6.1AE
25ATilt, 6m Pitch, 3nwidth

Mounted 1m over ground

PV surface: 600 fn

Ground surface: 33m x 33m = 1008 m

Definition of bifacial shed model

3D shading scene
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