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Introduction

Irradiance on Bifacial PV Module Assumptions for bifacial calculation
FaptSKE radiance  #Q\groc o Rear Side Imadiance « Skyirradiance is direct and diffuse (Sky diffuse is isotropic)
f;;’;%}’f * Direct and sky diffuse irradiance contribute to ground illumination
g * Irradiance from sky and ground scattering contribute to front and rear irradiance
iy Irradiance from sky and d b f d d
\\ ///' | \\\ /// *  Only ground scattering is considered (no reflection from neighbor rows)
* The ground reflection is isotropic (Lambertian Surface)
‘\" ~ ~ = * Non-uniform illumination of backside is neglected at this stage
Incoming light, and light scattered back to modules Direct Irradiance (added Iater as emplrlcal mlsmatCh faCtor)

depend on sun and ground position

———) Diffuse Irradiance

=== Ground Scattering

Far Albedo is not the same as Ground Albedo

*  Far Albedo (of transposition model) Far Albedo Ground Albedo
Reflections from ground that is far away.
Obstacles shade albedo for given azimuth. Albedo shaded
* Ground Albedo (for bifacial simulations) N
Light scattered back from ground underneath PV modules. Albedo visible Ground scattering is
Calculated with view factors. only partially shaded

[ - ) » =g
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Using the Bifacial Models in PVsyst

Bifacial PV Module Bifacial Models

Global System configuration Global system summary
1 j Number oF kinds oF sib-arrays Nb. of modules 2160 Nominal PV Pawer 590 kwp
Module area 3514 m2 Maximum PV Pawer 506 kwdc

|
ﬂ E‘Et Simplified Schema Nb. of inverters 1 Nominal AC Power 500 kWac \
. . . _ |

pu aay | Choosing a bifacial PV module

Sub-array name and Orientation . . .
tare [V Ay gives access to bifacial model \

o Tilt
Orient.  Unlimited sheds pzmuth O T=T T

JEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

: Back side irradiance

‘asssssssEsEEEEEEEEEEEEEEEEREEEEREES

.

Front side irradiance
from standard simulation

Select the PV module

[available ow | Fiter [BFacialmodules  ~| Bifacial module @) Bifacial system

[ ceneric [ 250 wp 28v Sl-mnnnﬂnnn 250 Wp 60 cells Bifadal Since 2015 Typical = Open ‘ |

|

|«

+

: Vmpp (60°C) 257 V ’
Voc (-10°C) 422V

Sizing vall

bifaciality factor A —

ground reflection e
on front side @ o

¥ 50Hz
it voltage 400 V Tri 50Hz W 60Hz
500 kiac inverter Since 2012 | Open
|
T | General Smuiation Parameters Unlimited Trackers 2D model szolrmx Ecbta R L
. . . emperature
EffeCtlve |rrad lance > | Standard bifacial model involving tracker with horizontal axis ﬂ :
mod eI | You can play with the shed's parameters as you like for parametric analysis. i N
The simulation will use the parameters determined from the system (checkboxes checked) [perating conditions
| [ Orientation parameters ;I"EDD (EUU:E)) :’gg :j
| According to system ; # Beam anq diffuse Dnoground s | B -10°C) 750 y
; : ‘ P e % Priangle= 425 1
Slngle diode P | orimin 00 = [ < | Ineiradiance  1000W/m2 C Max.indata & STC
= | — =l ~ e 981aA Max. operating power 479 kw
model | Phimax [50.0 j v . |feo  1wma at 1000 Wfm? and 50°C)
[~ Uses backiracking v

| . 3 | fetstg w3 a Array nom. Power (STC) 540 kp
Trackers and ground parameter / / I

Pitch |6.60 m [ 2

2500 IV-Curve | shed total widkh [5.04 m [ X ‘ o ‘ |
Bifacial Model | | = erofe it —ga-

Height above ground [2.10 m -2 1 0 1 2 3 4 5 -] T 8 g 10 11 12 13 14

=
]
-

? com putes R —— Distance at ground level [m]
H . [ 1000 —— T . . .
: '; back side tradianceon around - o Configuration of Bifacial Model
3 a0 ! . . 21 June 15:42 ] . X . .
i ) . ; )
| irradiance || P Gitins)  426° ~—— oifuse f yreuna (horizontal axis trackers in this case)
B : | Beam clear sky 625 W/m2 sook 1
e ! Slobal fraction on Ground 79.4 %
H Sun profile angle aze
i Daily irradiations for cl
, | . ‘ :v ::a mJ ions for clear sky ok { == o
o H 0 VooV 20 fon une hd
Voltage Beam clear sky 7.3 kWh/m2 200 1
| | Diffusedearsy L5 kWh/m2 )
| Beam fraction on Ground 37.7 % 0 | | |
Diffuse fraction on Ground 54.5 % 3 B s 12 15 18 2 —
| | Global fraction on Ground  41.7 % Hour of day 2106118 Animation
) Erase def. X cancel | o 0K |
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2D View Factor Model

Irradiance on Ground

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

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

Beam and diffuse on ground with sheds 7

i
i
Limit angle = 21.0 Ground diffuse acceptance
6 Limit angle = 21.1 RN

round Albedo
Ground A e W2, WL > £

I IR R SRR : ¢Prof ;

View Factors (3. i Sky Diffuse  Direct - \7/ N A K e

Sk Front Rear Distance at ground level [m] Distance at ground level [m]

y ................................................... onrear (4. on rear The sun profile angle is the sun

l l W height in the 2D projection
Loss Add to Rear shadings
front irradiance* l
Module bifaciality Irradiance on Module
/ 3. View factors 4. Sky diffuse and
Effective irradiance on module direct on back side

l B e Skydifuse

Single Diode Model

Front side mismatch* Rear side mismatch ~+~ e = S '
2 -1 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Distance at ground level [m]

. ) ) Integrate over all ground points
Standard PVsyst simulation and the back side of the module

2D-Model neglects border effects at the row ends
= suited for long regular rows

IAM losses are also included in View Factors

@PVsysT
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Using the Bifacial Models in PVsyst

Rows with fixed orientation

P

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

2
/ Ppro [ / . . / 0
0 2 4 6 10 12 14 16

8

Drnentation parameters Sheds Parameters

Plane Tilt |30 j[ﬂ] i) GO @
szt [08 = Call. band width [3.00 m B Show Dptinisal
ZInul . - 0w Liphirmigation
=l Topinactive band (D02 m

Bottom inactive band |0.02

Nb. of sheds [5 j m
[~ Electrical eftect M __ Shading Graph

Simulation Parameters specific for
Bifacial Systems

* Ground Albedo

(yearly or monthly values)
*  Mounting Height
* Module bifaciality factor
* Row transparent fraction
e Structure shading factor
* Mismatch loss factor

Bruno Wittmer

Worn Asphalt
Bare Soll
Green Grass
Desert sand
New concrete

Fresh snow

Horizontal Single Axis trackers

>

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

/ dl)Prof ( .

L 1 I
0 2 4 10 12 14 18 18 20

Tracking parameters Tracker's parameter System parameter
s azimut (0.0 ﬁ" Fitch |60 m BT Limit profilz angle ~ False
Phi i, mering |-60.0 j Tracker sensitive width [300° m BT Limit Phiangle ~ 62.4°
Phi max.. evening |E0.0 j Left inactive band [poz m Shading factor 8.1 %
Nb. of trackers [10 ﬂ Right inactive band [0.02 m Electical Shading factor  90.0 %
[~ Backhiacking Global Covering Ratio  45.5 % [ Elsctr. shading Define

. .
Mounting Height
0.55 Fixed rows
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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
- Mismatch for back irradiance

IAM losses are included in View Factors

Bruno Wittmer

027 k‘ﬂmm‘__l

side simulation

2609 KWhim® * 3254 m* coll.

Unlimited Trackers

Horizontal global irradiation

Mear Shadings: irradiance loss

+41 6%  Global incident in coll. plane
/E—D.DS% Global incident below threshold
Standard front b 175

-1.45% &M factor on global
= +0.48% Ground reflection on front side

|——_Bi-facial
Global incident on ground
872 KWhim® on 7054
Fﬂﬂ% Ground reflection lozs (albedo)
-82.58% View Factor for rear side

+18.90% Sky diffuse on the rear side

0.00% Beam effective on the rear side
-5.00%  Shadings loss on rear side
5.20% Incident irradiation on rear side (240 kWhim2)

Effective irradiance on collectors

efficiency at STC = 15.36%

P converzion, Bifaciality factor = 0.280

1400 MWh

1188 MWh

1162 MWh

1162 MWh

Array nominal energy (at STC effic.)
P lp=s due to irradiance level

PV lo=s due to temperature
Module quality loss

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

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inwerter Loss over nominal inv. power
Inverter Loss due to max. input current
Inwerter Loss over nominal inv. voltage
Inwerter Loss due to power threshold
Inverter Lozs due to voltage threshold
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 = 100 different variables

Bruno Wittmer

P o | varbe e 1 it Scan (1l ]}

arkibs [t T] e eight Scam e (1 Grd (WA}

Yield vs. Pitch S —

Choose parameters Edit parameter file Execute simulations Inspect results

De e s i Bt

Global PoA Irradiance [kWh/m?

Mt e | s i 10 s prema [ s it | Lo |
[T ——

St
™ Cotcssrivn et

Execute simulations Custom Analysis

0 1 2 W 0 0 7
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Impact of Parameters on Bifacial Gain

Parameters used here:

Monofacial BGirr Bifacial
Site: Albuguerque NM, 35.05°N, 106.62°W, 1614m ASL Fixed Tilt Sheds Fixed Tilt Sheds 5> Bifacial Irradiance Gain
Weather data: Meteonorm 7.1, typical year ﬂ l
TGy MF 16,, BF
BG,, TR ‘
0, Monofacial Bifacial
Ground albedo 30A' Trackers _ Trackers

Ground Covering Ratio GCR: Height over Ground: Different Latitudes:

Irradiance Gain as Function of GCR Irradiance Gain as Function of Height Irradiance Gain as Function of Latitude
30.0% 20.0% 35.0%
18.0%
U - TIG MF
25.0% 16.0% @ TIG BF
eee e oo oo o ® e
o n o soo® ° 25.0% ., BIGFT
.0% . . ) e g0 ® ° ®BIGTR
- s . 120% & 20.0% °
g ., g X J
= 15.0% . c 10.0% <
— = oo &0 0 00
& T e U eeo**® 8 15.0% °
* e, , b4 8.0% o ® .
10.0% ® o ® . ° e
e . 4 6.0% pa 100% o o o @ b4 -
[ ] ¥ oA ® @ o o ¢ o Py o @
* e ] 4.0% ° b S Y
5.0% . o 5.0%
Height = 3m ] 20 | GCR =45%
0.0% 0.0% 0.0%
0 10 20 30 40 50 60 70 80 90 0 1 2 3 4 5 6 0 10 20 30 40 50 60 70 80
GCR [%] Height over ground [m] Latitude [*]
Site: Artificial points from Equator to 70°N, Om ASL
®BIGTR ®BIGFT @TIGBF ©TIGMF ®BIGTR ®BIGFT ®TIGBF ©TIGMF

Weather data: Clear sky model

at P\/eveT
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Latitude
Diff/Glob
GlobEff
GlobGnd
GlobBak
BG,, TR

Bifacial Gain in different Climates (Trackers)

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
|

10

e
1
<«

— Diffuse BG

Hourly Bifacial Gain
Horizontal Axis Trackers

Irr

Clear Sky BG

Irr

Tracker stroke limits

Kuala Lumpur
Atacama
Sharorah
Stockholm

|
-60
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I
-40

I
-20 0 20
Tracker Angle o[ °]

Monofacial

Fixed Tilt Sheds

TG, MF

Monofacial

Trackers

BG,, FT

BG,, TR

Bifacial
Fixed Tilt Sheds

1G,, BF

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°

5 éAd)sTRKé /

Tracking parameters
Avis azimut [00 °

Phimin., moming [£0.0 j

Phimax. ovening [00 "

10 14 18 18
Tracker's parameter System parameter
Pich [680 m BT Limit profie angle

Tracker sensitive width |3,
Leftinactive band [002 m
Right inactive band [0.02  m
Global Covering Ratio  45.5 %

o m BT Limi: Phi angle
Shadngfactor 8.1%
Electical Shading factor 90.0 %

I~ Elech. shadng  Define

False
62.4°
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Summary and Outlook

- Summary

— Bifacial model for fixed orientation sheds and horizontal axis trackers is
implemented in PVsyst

— 2D View factor approach is well suited for long and regular rows
— Vertical bifacial simulations are possible
— Batch Mode allows detailed parametric studies

— Outlook
— Model the mismatch due to non-uniform irradiance on back side
— General bifacial model based on near shading 3D drawing

Collaborative validation article with ZHW Zurich, ECN/TNO (NL), ISC Konstanz
‘Accuracy of Simulated Data for Bifacial Systems with Varying Tilt Angles and Share of Diffuse Radiation’
to be published in Solar Energy
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