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Overview

« Bifacial Models in PVsyst
— Fixed Tilt Sheds
-~ Horizontal Axis Trackers

« Bifacial Tracker Simulations

— Bifacial Gain
— Impact of Pitch (GCR), and Height
- Impact of Latitude and Climate

« Summary and Outlook
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Introduction

Bifacial Shed Model was introduced in PVsyst V6.60
- 2D Model for fixed tilt sheds
— Can be used for long regular rows

Bifacial Tracker Model since PVsyst V6.70
— 2D Model for horizontal axis trackers
—~ Generalization of shed model with varying tilt

Unlimited trackers: / Bifacial tracking \

first step towards for horizontal axis
horizontal bifacial tracking model (since V6.7.0)

(since V6.6.7)

Bifacial model
for fixed tilt sheds
(since V6.6.0)

Field type [Unlimited horizontal tracking ~|

Beam acceptance and reflexion
Limitangle = 21.1 4

Distance at ground level [m] Nb. of trackers 15 =
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Using the Bifacial Models in PVsyst

Bifacial PV Module

Front side irradiance

Effective
irradiance

Single diode
model

zwnﬁ— ———_ MPP

1000 \
500 \
[ \
i |
0 i [ ]
[] 10 Vn—p; 5 \,tm 20
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Bifacial Models

Project: BifacialTrackingDemo PRI - o x
Project Site Variant
Project's designation
Fiename [Biaciall rackingDemo. PRI Froject’s name [Bfacial Trackng Demo aQ+HMx|@
Site File [Park P0_MNTImed SIT [Metecesm 7.1 (1961201 0) Modfed by vse] Sweizsiland Q
MeteoFile [Fonl 70_ClesrSip MET Cleer Sky, Linke = 35 Ceatky  Okm =] Q

Simulation done
[version 6.71. date 18/04/18)

System Variant (calculation version)

Metea dtbase
1 Pt etiogs

Vatant [VC0 - Urimied Trackers

Input parameters Simulation Resulls overview
Mardstory Optonsl S
@ Urertaion ‘ & Hooon R o

[yre—| | Y i

S Mt x| @

Unlimited Trackers

1162 Mwhiy
2324 KWWl
0003

——
@ Deiedioszes Gt system SeFT Sl “Unfirited Trockers

- o % |

I Selcontumgdon Global System configuration o]

[ 2] Wumber o ks of subranaye b,
LI T +| Choo

Py gives access to bifacial model

sing a bifacial PV module

pJ Sub-array name and Dsicatation
Spemoweriew | pd | Name [Py A & Mo
P:

Fier pered poes T T
Oert Undimited Wackers, hotiz. akis 7] o aveilzble sreafmodides] ¢ tl

Select

[vabioton =] Hitacial module @ Biscid soen |
[Geresc B EE Manc 250 Wa €0 cols Bitaci: Srcs 2015 _'_wpe” =] B Open

! Genera Seudaton Parameters Unimited Trackers 20 model |
Sﬂndal\" bifacial model involving tracker with horizontal axis
play with the shed's parameters s you like for parametric analyss.
The smulcuunmll use the paramaters determined from the system  (checkboxes checked)
Orientation urwllﬂi
woonding 1o system 4Beam and diffuse on ground

Bifacial Model
computes
back side
irradiance

ke et [10 =] 7 Phi angle - -18.2"

=

P S

Frimas [500 <]° %

I~ Uses badirading [

Trackers and ground parameter

Fich [560 m & / / /

Shed load ok [304 m [

= Faolle angle lmk 52,4 *

Sergvobages - Vrp BUT) 257 V.
™ Use Optimizer Voo [10°C) 422V
on ¥ 51Kz

% Bk
ez =] B open |

ﬂ 00 Kwac

i

7

&

Height above gourd (300 m

o e [G3~ % Distance al ground level [m]

Graph

Inadiance on ground

210 1 23 4 867 B S 1011121314151 17181820

21 Septembes 1300
Phi ange [ribout ksl 18.2°

Daily irradiations for clear sky

Month  [Sectener |

Configuration of Bifacial Model
(horizontal axis trackers in this case)

Beamcharsky 5.7 KWhim2
Diftuse clesysky 1.2 RWhim2
Boam fiaction on Geourd  37.5%
Difuse far Giound 54.3 %

e e oozt et |

of arvder=Hed 3

o
il BF Hote Lo o Fae @ Erase cet. X e ‘ S ‘
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Bifacial Shed Model in PVsyst

Bifacial calculation steps

Irradiance reaching the ground
Direct (1.) Sky Diffuse (2.)

e

Ground Albedo

View Factors (3.) Sky Diffuse  Direct

Sky Front Rear onrear (4.) onrear
Loss Add to Rear shadings

front irradiance*® l

\ Module bifaciality

Effective irradiance on module

|

Single Diode Model

Front side mismatch* Rear side mismatch

*Standard PVsyst simulation

Bruno Wittmer

Irradiance on Ground

Ground Acceptance 2. Ground acceptance
of direct light of diffuse light

Beam and diffuse on ground with sheds
Ground diffuse acceptance

¢Prof\7/ >\ %
The sun profile angle is the sun
height in the 2D projection
Irradiance on Module
3. View factors 4. Sky diffuse and

direct on back side

Beam and diffuse on ground

Phi angle = 44.1° Sky diffuse

2
Integrate over all ground points
and the back side of the module
DDDD
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Bifacial Tracker Model in PVsyst

Irradiance on Ground

- Direct (Beam) Fraction
- Sky Diffuse Fraction

General Simulation Parameters  Unimited Trackers 2D model

Standard bifacial model involving tracker with horizontal axis ﬂ

You can play with the shed’s parameters as you like for parametric analysis.
The simulation will use the parameters determined from the system  (checkboxes checked)

Orientation parameters

According to spstem Beam and diffuse on ground

. e Phi angle = 56.7°
Avis azimuth [0 = 4 8
¥ = 7
Phimin [50.0 = ~ !
Primas {00 =|° & :
I™ Uses backtradking W s
s
Trackers and ground parameter .
Pich 680 m [ :

Shedtotal width [304  m [

)
= Profle anle It 62.4 W _ A e i .
Height above ground |3.00 2 -1 0 1 2 3 4 5 6 7 & 9 10111213 14 15 16 17 18 19 20
Dist: it d level
Ground abedo 300 % ¥ tance stgreundlevel [n)
- Graph
Irradiance on ground — -

21 June 07:48 Global on groun =
Phiangle (wihout i) 56.7 iy 16:27
Beam clear sky 470 wrm2

« v
Global raction on Ground 23.5 % [T (LfEEE
Sun profle angle 147°
Daily irradiations for clear sky « »
Morth  [June = kil RO
Beamclearsky 7.8 kWh/m2
Diffuse clear sky 1.5 kWh/m2
Beam fiaction onGround  39.3 %

Diffuse fraction on Ground 54.3 2 12 14
Global fraction on Ground  42.8 % Hour of day 21/06/18

Animation

Additional contributions

- Direct (beam) fraction on rear side
- Sky diffuse fraction on rear side
- |IAM losses for each contribution

Reflection from Ground

To back side
To front side

Lost to sky

Standard bifacial model involving tracker with horizontal axis
You can play with the shed's parameters as you like for parametric analysis.
The simulation will use the parameters determined from the system  (checkboxes checked)

Orientation parameters
According to system

Beam and diffuse on ground
B azimah [00 ° Phi angle = §6.7°
Fhimin [€00 =" [V
Phimsx [00 +*
™ Uses backtracking i

Trackers and ground parameter

Fitch [660 m v
Shed total width |304 m [V
=> Profile angle imit -52.4 * ‘QMV

S

L L L . 1Y
Height above ground [3.00 m 20 1 2 3 &5 6 7 8 9 101112 13 14 15 16 17 18 13 20

ETN Dist: t ground level
Ground albedo 300 % & istance at ground level [m]

IAMRBLENARS Ay asesnnan o Graph
Trackers angle, Phi = 56.7°
Diffuse on ground = 61.6%

Imadiance on ground

21June 07:48
. . View factor, back, average 5
Phi angle fwihaut fmite) 56,7 o7 Refactes dffuse on bac
Beam clsar sky owmz | (or aluedo = 20.0%)
Globs! faction on Ground 23.5 %
05|
Daily irradiations for clear sky o4
e e =l 03| HpeFimeEnEEr]
Beamckarsky  7.8kWhim2 | gof EliE
Difwsedearsky 1.5 kwhim2 | o ]
Beam faction on Grownd. 39.3% | T I :
Diffuse action on Greund 54.3 % 4 2 a4 0 1 2z 3 ¢

Global fraction on Ground  42.8 % Posttion below tracker

Reflected diffuse on rear sii v

5.24m

o

Green Contributions

are constant for sheds.
With trackers, they
become functions of sun
position (sun profile angle).

This bifacial model can be used for horizontal axis trackers.
The tracking algorithm minimizes the Angle of Incidence!

Bruno Wittmer
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.
Simplified Preliminary Calculation

Monthly breakdown of irradiances

On Ground On PV module rear side
W77 T T T 4lp 1 T 1T 1T 1T 1T T1T1
Beam on ground 553 kKWhim® _ F Reflected on back 213 kKWhim®
120 [ Diffuse on ground 321 KWhin? . g BE From Sky on back 41 KWhim?
E 100 |- - g
£ =
= 80| - e
Absolute 8 3
. = E
: 60 g
g
a0 %
o
Jan FebMar Apriay Jun Jul AugSepOct NovDecdsar Jan FebMar &priay Jun Jul AugSepOct NovDedr ear
s—r—T—TTT T T T T T LT T T T T T 1
Beam fraction 27.3% 3 Reflected on back 7.5% of Glebinc
05k Diffuse fraction 15.8% i o0k I From Sky on back 1.4% of Globlne | |
=
g £
-E 0.4 T o008
. i
H 0.3 0.06
Relative g E
= 1]
g 0.2 é 0.04
0.1 0.02
Jan FebMar Apriay Jun Jul AugSepOct NovDec sar Jan FebMar &priay Jun Jul AugSepOct NovDedr ear

CIO00)
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Bifacial Simulation and Results

Additional contributions
with Bifacial Models

- Global incident on ground

- Ground albedo
- View factor rear side

(irradiance renormalization for ground and

module surface)
- Sky diffuse on rear side
- Beam effective on rear side
- Shading loss on rear side
- Total irradiance on rear side
- Ground reflection on front side

IAM losses are included in View Factor

Bruno Wittmer

e kﬂlll'm“___——l\

2609 KWhim* * 3254 m# coll.

Unlimited Trackers

Horizontal global irradiation

+416% Global incident in coll. plane
/E-D.DE% Global incident below threshold
b_, -8.17% Near Shadings: irradiance loss

-1.458% &M factor on global

|t +0.48% Ground reflection on front side

|——_Bi-facial
Global incident on ground
872 KWh/m* on 7084

Fﬂﬂ% Ground reflection loss (albedo)
-82.58% View Factor for rear side

+18.90% Sky diffuse on the rear side

0.00% Beam effective on the rear side

-3.00%  Shadings loss on rear side

9.20% Incident irradiation on rear side (240 kWh/m2)
Effective irradiance on collectors

efficiency at STC = 15.38%

PV converzion, Bifaciality factor = 0.80

Page 8

1400 MWh

1158 MWh

1162 MWh

1162 MWh

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature
Module quality loss

Mismatch loss, modules and strings
Mismatch for back irradiance
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voliage
Inverter Loss due to power threshold
Inverter Loss due to voltage thresheld
Available Energy at Inverter Output

Energy injected into grid

(]
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Studying Bifacial Behavior with PVsyst

Optimization Tool

Allows quick parametric
scans to optimize
Irradiance or Yield

Batch Mode

Parametric scans with
many parameters and
output to CSV files for
further analysis

Hourly Results

Simulation results in
hourly steps for > 80
different variables

2 pheh Scan {1 Geid (uwhD)

=] G gt Scan e (_Geid [T}

Yield vs. Pitch .

Choose parameters

Defi e Sirmation runs i Baich

Edit parameter file

Execute simulations Inspect results

Global PoA Irradiance [kWh/m?

Choose result variables Execute simulations

Custom Analysis

Biacial kradance Gan BG .. [%]
0 1 2 W 0 %0 0 T

The following results were obtained with PVsyst 6.71 batch mode and hourly result files

Bruno Wittmer
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Bifacial Gain and Tracker Gain

Bifacial Irradiance Gain (BG,,,)

Front Side Irradiance Bifacial Module Rear Side Irradiance

,W\

Incoming light, and light scattered back to modules Direct Irradiance
depend on sun and ground position
——— Diffuse Irradiance

=== Ground Scattering

BG =

Rear Side Irradiance

Front Side Irradiance

Tracker Irradiance Gain (TG,,,)

Horizontal axis trackers

rofile angle = 24.6%, Tracking Phi= 60.0°

/%, e N s

Fixed Tilt Sheds

Shading limit angle: 20.8°
Ground coverage ratio: A(coll)/ A(ground) = 0.45

— Iraker's porter Orientation parameters Sheds Parameters
) , Fitch [6.60
e
Asis Fitch |56 Pt [ 201 Coll band width [300 m
R j Teacker sensiive wich ,rm i azmih 00 {11
. ok 40 ——— P — Topinactiveband (002 m
P == J it nocivebend [00z | Electial Shadeg acter 90.0 % Nb.of sheds [ = BeTmiEikem | [ o
’ I Ekelicalelfect  Define
I Baskuacking Global Coveiing Ratio 45.5 % I Elect. shoding_ Define

F& Show Optinisation
__ Shading Graph

The full Bifacial Gain BG includes also
bifaciality factor and bifacial mismatch

It is smaller than BG

Irr

GlobEff Tracker

Irr =

GLobEff Shed

Tracker irradiance gain with respect to
Fixed Tilt Sheds,

same width, pitch (GCR) and height over

ground

.

0o00o
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Comparisons of Gain Factors

Monofacial BG,, FT Bifacial
Fixed Tilt Sheds : Fixed Tilt Sheds

TG, MF TG, BF

BG,, TR .
Bifacial

Monofacial
Trackers ‘ Trackers

[' Bifacial Irradiance Gain

Parameters used here:

Site: Albuquerque NM, 35.05°N, 106.62°W, 1614m ASL
Weather data: Meteonorm 7.1, typical year

Geometry: Pitch=6.6m, width 3m, GCR 45%, height 3m
Ground albedo 30%

Bruno Wittmer

lﬂ

Shading limit angle: 20.8°

Ground coverage ratio: A(coll)/ A(ground) =0.45 ‘l
2
0 2 4 & 8 10 12 14 16
Orientation parameters Sheds Parameters
SN
Plane Tit [0 ﬁ['] aal
= o . .
i o e Fixed tilt sheds

Nboofsheds [~

rofile angle = 24.6%, Tracking Phi = -60.0°

/ /4/j

Tracker's parameter System parameter

Fitch [5.60 BT Limit profils angle  False
Trac

. Horizontal axis trackers
* Axis pointing to equator

Tracker Irradiance Gain

DDDGG
PVsystC



Impact of Layout on Irradiance Gain

Parameters used here:
, 35.05°N, 106.62°W, 1614m ASL

Site: Albuquerque NM

Weather data: Meteonorm 7.1, typical year

Geometry: Pitch=6.6m, Width 3m, GCR 45%, Height 3m

Ground albedo 30%

Ground Covering Ratio GCR:

Irradiance Gain as Function of GCR

30.0%

25.0%

20.0%

[ ]
® Se,
= 15.0% . .
-] [ ]
(U]
[ ]
e 9 ° . o °
10.0% @ ° [ ] 8
* [ ] N
[ ] H -
5.0% ] o
Height = 3m s
0.0%
0 10 20 30 40 50 60 70 80 90
GCR [%]
@®BIGTR BIGFT @TIGBF TIG MF
Bruno Wittmer

Height over Ground:

20.0%
18.0%
16.0%

14.0%

12.0%

10.0%

Gain [%)]

8.0%

6.0%

4.0%
2.0%

0.0%

Page 12

Monofacial
Fixed Tilt Sheds

ﬂ TG, MF

Monofacial

Trackers

BG,, FT

BG,, TR

)

Bifacial
Fixed Tilt Sheds

lTG,,, BF

Bifacial

Trackers

Irradiance Gain as Function of Height

GCR =45%

1 2 3

4

Height over ground [m]

@®BIGTR

BIGFT @TIGBF

TIG MF

D

0000

0000000
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Bifacial Gain for different Latitudes (Clear Sky)

Parameters used here:
Site: Artificial points from Equator to 70°N, Om ASL
Weather data: Clear sky model

Geometry: Pitch=6.6m, Width 3m, GCR 45%, Height 3m

Ground albedo 30%

Irradiance Values

Clear Sky Irradiance
4000

* o @
L]
3500 L

Irradiance [kWh/m?2
L

Bruno Wittmer

Monofacial BG,, FT Bifacial
Fixed Tilt Sheds Fixed Tilt Sheds

ﬂ TGy, MF lTG.,, BF

Monofacial Bifacial
Trackers ' Trackers

BG,, TR

Bifacial Irradiance Gain (BG,,,)

35.0%

30.0%

25.0%

Gain [%)]

10.0%

5.0%

0.0%

20.0%

15.0%

Irradiance Gain as Function of Latitude

® ® 0 0 0 0 0 0 0 ¢ o

Page 13

30

40
Latitude [°]

50

TIG MF
@ TIG BF
BIG FT

@®BIGTR

oQ
o d

60 70 80

D

0000
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Bifacial Gain in different Climates (Trackers)

Latitude
Diff/Glob
GlobEff
GlobGnd
GlobBak
BG,, TR

59.35
49.5%
1225
435
137
11.2%

175 -23.42
26.1% 28.6%
2999 2889
1059 1008
286 276
9.5% 9.5%

3.12
58.9%
1753
804
236
13.5%

70

60

30

Bifacial Irradiance Gain BG | [%]
20 40
|

— Diffuse BG

Hourly Bifacial Gain
Horizontal Axis Trackers

Irr

Clear Sky BG

Irr

Tracker stroke limits

Kuala Lumpur | .
= Atacama

Sharorah

= Stockholm

2 _
- I
60
Bruno Wittmer

T
-20 0 20
Tracker Angle ¢ [ °]

Page 14

Monofacial

Fixed Tilt Sheds

TG, MF

Monofacial

Trackers

BG,, FT Bifacial
Fixed Tilt Sheds
TG,, BF
BG,, TR
Bifacial
' Trackers

With horizontal axis trackers
the bifacial gain is always larger
for the diffuse component

Sun

profile angle = 24.6°, Tracking Phi-= -60.0°

L /

Tracking parameters
Avis azimut [00
Phi min., morming [-60.0 j

Phimas..evening [600 "

Nb. of ackers 10 =]

[~ Backiiacking

10

Tracker's parameter

Fitch [660 m

Tracker sensitive width [3.00
Leftinactive band [002 m
Right inactive band |0.02

Global Covering Ratio  45.5 %

System parameter
BT Limit piofie angle
m BT Limt Phi angle

False
62.4"

Shading factor 8.1 %

| Electical Shading factor 90.0 %

I~ Elecr. shading  Define

PV

DDDGD
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Bifacial Gain in different Climates (Trackers)

Latitude
Diff/Glob
GlobEff
GlobGnd
GlobBak
BG,, TR

59.35 175 -23.42 3.12
49.5% 26.1% 28.6% 58.9%
1225 2999 2889 1753
435 1059 1008 804
137 286 276 236
11.2% 9.5% 9.5% 13.5%

60
!

Bifacial Irradiance Gain BG .. [%]
20 40

Hourly Bifacial Gain

i ; * Kuala L
Horizontal Axis Trackers uala Lumpur

= Atacama
Sharorah
Stockholm

— Diffuse BG,,
Clear Sky BG,,,

o |
P bt o
o+ | - 4‘— Tracker s‘troke limits |
0 20 40 60 80
Profile Angle dpror [ ° ]
Bruno Wittmer Page 15

Monofacial BG, FT Bifacial
Fixed Tilt Sheds Fixed Tilt Sheds

TG, MF 16, BF
Monofacial 56 TR Bifacial
onofacia 1facia
Trackers ‘ Trackers
With horizontal axis trackers
the bifacial gain is always larger
for the diffuse component
/(I)Pfof/ / - / I

Tracking parameters System parameter

s azimut [0.0 j Fitch [660 m
Phimin., morming [-£0.0 j Tracker sensitive width (300 m BT Limit Phi angle ~ 62.4°
Phimax.. evening [50.0 j Leftinactive band [002  m Shading factor 8.1 %

N of sckers [0 =4 Electical Shading factor 90.0 %

I Backtiacking Global Covering alia 45.5 % " Elest shadng  Define

Tracker's parameter
BT Limi profilz angle ~ False

Right inactive band [0.02 m

D
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Bifacial Gain in different Climates (Fixed Tilt)

Latitude 59.35 17.5 -23.42 3.12
Diff/Glob 49.5% 26.1% 28.6% 58.9%
GlobEff 1384 2375 2327 1384
GlobGnd 474 1282 1214 924
GlobBak 137 327 313 251
BG,, FT 12.5% 13.8% 13.5% 18.2%

3 Kuala L Hourly Bifacial Gain

; Kuala Lumpur |, o Tilt Sheds

T 3 Sharorah
< - Stockholm _
0 — Diffuse BG,,,
m 8 i
£ Clear Sky BG,,,
0]
ks
o
Y
= (=]
= S+
T <
Q
R
n o |

I}

o |

T T T T
0 50 100 150
Profile Angle dpros [ ° ]
Bruno Wittmer Page 16

Monofacial BG,, FT Bifacial

Fixed Tilt Sheds v Fixed Tilt Sheds

ﬂ G, MF lTG'” BF

Monofacial Bifacial

BG,, TR

)

Trackers Trackers

With fixed tilt sheds, the two
gain curves intersect.
There is no general rule for the
yearly bifacial gain.

Shading limit angle: 20.8°
Ground coverage ratio: A(coll)/ A(ground) =0.45 ‘l
2
0

U‘,4"”‘9‘”;{{)Prof;/

Plane Tit [0 ﬁ[']

Pich [660 m

Coll. band width 200 m
Azimuth [0.0 i['} o [£33 2 Show Optimisalion
eband [G02 m
=l
Nboofsheds [~  chiatuh

D

0000

PVsyst®



Summary and Outlook

« Summary
— Bifacial model for horizontal axis trackers was implemented in PVsyst
— Detailed simulations and parametric studies are possible
— Bifacial gain for trackers is smaller than for fixed tilt sheds
— Diffuse contributions have higher BG in trackers than clear sky
conditions
« Open Questions, Next Steps
— Validation against measurements
- Model the mismatch due to non-uniform irradiance on back side
— Bifacial model for vertical fixed tilt installations

General bifacial model based on near shading 3D drawing

000000
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