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Outline

Shading tolerance of low reverse breakdown voltage cells :
* Introduction
* Submodule IV curve construction
e Regular shading:
* One submodule case
* Twin half-cells case

Possibility of simulations in PVsyst :

e PVsyst «Partition model» mimick full I-V curves simulations for large regular system, featuring
traditional modules.

* Question: Can the partition model be adapted to represent low RBV cells?

Discussion / Conclusion
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Solar cells with Low Reverse Breakdown voltage (RBV)

Low RBV Solar cell |-V curve ( and dark) Examples of solar cell technology allowing low RBV
P | front grid (pseudo busbar)
oS base ey = Scholtky contact
n+ BSF p+ emitter ® /” MiS contact M.BS\FA LCO

.......

E Ag n-contact current flow

passivation stack reverse bias Al p -contact

Back-contact cells with overlapping Metal Wrap Through cells
B _ Sy p- and n-contacts, forming a tunnel interconnection, forming a
RBV \ junction [1]. Schottky diode [2].
e At RBV, a large current can flow. * Technological limitations:
» Low RBV comes at the expense of decreased efficiency
* Traditional c-Si: RBV =-10 to -30V (shunts).
» Large power dissipation » Commercial technologies: RBV = -2.5V to -5.0V
» By-pass diode (BPD) mandatory  Low RBV outperforms reference when < 3-4 shaded cells [3]

* Low RBV cell technology:
» Lower power dissipation (hot spot reduction)
» The cell «operates as its own BPD»
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Shading scenarios considered : Row to Row shading

Working hypothesis:
: shaded progressively from the lower part of the modules.
: unshaded.
* Regular shading: same shading for ALL modules in the string.
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Submodule IV curve of low RBV cells

Ncells = 24 Reverse characteristic ~ V2

12.5-

==
10.0- 2 Ce”S ‘l‘ ‘l“ -150

ERuEN partially /

@ shaded

-- 5.0- “\‘ “‘

@D
(S [
2 Partially beam-shaded cells | | ] [ | Resulting |-V
2 Fully beam-shaded cells | | \ A and P-V curves

(only diffuse light) o 5V 25V ¢ o

Villum

A

-100

Current [A]

-50

25- 2 cells fully /.
beam-shaded

0.0-

Exact I-V curve constructions unveils complex properties
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Example 1 : Normal Submodule

Power-Voltage Curve vs. shading Power Loss Fraction
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Z#PVSYST Loss Fraction well approximated by Plateau from 1 shaded row (i.e. two shaded 2 cells).
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Example 2 : Low RBV Submodule

Power-Voltage Curve vs. shading
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Power Loss fraction
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Shading mitigation from low RBV up to 2-3 shaded rows (4-6 cells)!
Note the large range of Vmpp.
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Example 3:
Low RVB Twin Half-cells submodules Gain from low RBV cells

much mitigated

Power Loss Fraction Power Loss Fragtion
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R s\ JovaT Voltage mismatch! The top module pulls the voltage up = interest of low RBV mitigated...
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Near shading models in PVsyst

* Full I-V curves computationaly heavy for large system

e PVsyst «Partition model» mimicks well full I-V curves simulations for large regular system, featuring
traditional modules. Definition:

Irradiance losses Electrical losses
Analytical (2D) or Polygon clip. (3D)
mm—————— Separation of PV array Associated loss factor to each partition

Beam —+Shd factor

Circum. —>Shd factor

" in #N indep. partitions => Plateau at one shaded cell.

Simplified model for 1 partition

1.0 '
0.9- 1 Plateau after 1 cell height shaded I Diffuse fraction
[ S : !
0.8 I
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g 0.6 : Electrical losses
b |
Diff. . £05 l
ljJ. > 04 !
=
Sky 03 : .
1 == lIrradiance losses
0.2 ' 1 Partition model
0.1 :
0.0 : = - : : - . - . -
0.0 0.1 0.2 0.3 04 05 06 07 0.8 09 1.0

Shade height

Albedo —» j
Ground

ZPVSYST : —
Sofrane Question: Can the partition model be adapted to represent better low RBV cells?
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Proposed adaptation of Partition model for low RBV (-2.5V)

«In length» module in portrait «Twin half-cut» module in portrait
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Classical partition model => Upper bound on losses
Optimistic adaptation for low RBV => Lower bound on losses
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Possibility of Simulation in PVsyst

2D: «Unlimited sheds» or «Unlimited trackers»

® Orientations management

Each orientation must be linked to at least one sub-array in the System part.

PVsyst uses orientations to calculate the transposition factor.
When you define a 3D scene, the 30 areas of each orientation must match with the ones defined in the System! [ O Add orientation

¥  Orientation £1 - Unlimited sheds, Tilt 20.0°, Azim. 0.0° @ Status: OK
ield type 1 lodule ars
’—F sheds illimités ~] [Oniimited sheds, Tit 20.07, Azm. 0.0 |0 Fymm SH75m2 - 23000 modules
Shading limit angle: 8.5°
GCR Module: A(sensitive) / A(ground) = 30.6%
1=
30 35

0 5 10 15 20 25
Paramétres dessheds ———— Electrical effect
Pitch |14.00 | m 3 Use electrical effect in simul.

Sensitive width m No. of partitions in width —

Top inactive band [g,02 |m Partition width  1.07 m

Bottom inactive band m *\'\u‘idth ofanePveel [15.80|em [

Details and Graph |

i ion

Plane tilt : ®
Azimuth : ®
Mb.ofsheds [ |0

GCR Modules  30.6%

Orientation #1: Unlimited sheds : Generic calculation of mutual shadings (2D model).
Mo corresponding 3D scene required,

3D scene with partition model: modify .PAN

&% Definition of a PV module

Description  Generic, Mono 440 Wp 72 cells bifacial_Hx2

Basic data | Sizes and Technology | Model parameters  Additional Data  Measured Data  Commerdal Graphs

O

X

Length mm In series
Width mm || In parallel
Thickness -m mm Size W xH

Weight 29.50 | ka Cell area

Module area 2.242 m? Cells areg

Array Voltag

Voc at lowest possible ambient temperature).

Maximum voltage IEC 1500 |V
Maximum voltage UL (US) 1500 |V

Absolute maximum voltage of the Array in any conditions {j.e.

H->Hx2-3

«Width» of one PV cell: here dimension along the shade height

e Easy to simulate quickly with "unlimited sheds" or
"unlimited trackers" orientations,

e Input 2-3 times the cell size to effectively represent a
shading tolerant module with low RBV

W->W % 2-3

—By-pass protection diodes
Mb. of submodules * fmodule

(i.e. functional by-pass diodes)
Submodule layout:

e
e

® In length O Twin half cells

O In width ) Twin third cells, 5 rows
O shingled cells O Twin third cells, & rows
() Other

() Tile module

-m
onnectons: Doubleglass, MCS

Generic module for DEMO

() CPV: Concentrating module
(] Bifacial module

[ mp Copy to table

[ k : Show Optimization

i Print | [ ¥ concel | [

W o

e Double or tripple H..;; (and halve by 2 or 3 W,,;; to

avoid warnings)

e /I For validity, shadings needs to be as similar to

“unlimited sheds” as possible!
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Example : Unlimited Sheds Simulation for limited Area

Optimization of Tilt and GCR

Site = Abu Dhabi (24.1°N), Site = Bergen (60.3°N),

1.00-
1.00-

Hyptohesis favorable to

low RBV technology:

1. «Inlength» modules

2. Portrait

3. No parallel strings

4. Limited Area =>
increase shading '

-
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E_grid [a.u.]
~a
E_grid [a.u.]

-
08 085~

Partition model
ell Effective Width

030-
i i | i i
0 5 10 15 20

1xwidth =» No effect of RBV Tit "deg] - : g
2x width =» Slightly Optimistic RBV effect

% PVsYST Very small gain for low RBV technology, more in northern latitude and limited area.
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Open questions

1) More complexe shadings scenarios to explore

Image @Aiko

Bird Drop Soiling

3) Hot spot reduction of interests for reliability

Normal cells ~ Low RBV cells

a—.
'

Tang, 10.1038/s41467-026-70005-1
1lfiCeIIs shaded, one by one
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Conclusions

1. Low-RBV BC cells (-5 V to -2.5 V) provide only modest energy-
yield gains.

2. They differ from standard PV modules only when fewer than 4
cells are shaded

3. Portrait “in-length” low-RBV modules can be approximate in
PVsyst doubling the effective cell size in the partition model.

4. Benefits are quickly reduced by voltage mismatch when
unshaded (sub)-modules are connected in parallel, e.g.

1. Standard modules in landscape
2. Twin half-cut /!\

3. Parallel strings

5. More complex localized shading scenarios require more analysis.
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Power Loss fraction ['

Partition model modification for
«In length» module
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Submodule IV curve of low RBV cells

Ncells = 24 Reverse characteristic ~ V2
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Example 3:
Low RVB Twin Half-cells submodules

Ns sub = 24 | Frac. Direct= 0.9, aRev=1.76 Ns sub =24, Frac Direct= 09, aRev= 176, frac elec. = 0.95
30~ | : : ;
Blue= bottom submodule alone 100- T
Red= bottom and top submodules in // -« IS I U U TS S RO NUUOOSE NN NS SSes S
! ! o
: 0
20 - -300 :
z o S E
3 2007 2 .. ------------------------------ e
10- -;m,..-"' _,.-""”
-100 0257 g : i : _.."—‘-‘
PO
0- 0 0.00 La :
0 5 10 15 G.IB 2.5 5.0 10.0 1
v Nrow shaded

%% PVSYST Voltage mismatch! The top module pulls the voltage up =» interest of low RBV mitigated...
“ ac Above converges to same plateau. b 18
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Example 4 : extra Low RVB Submodule (RBV = 1.5V)

Power Loss Fraction Power Loss Fraction

Diffuse Fraction = 10% 0.5- [Dif‘fuse Fraction / 2 = 5%]

1.00 -

Power Loss fraction [-]
Power Loss fraction [-]

Shaded Height [Cell size] Shaded Height [Cell size]
Z#PVISYST Note: Those values have not been demonstrated in practice yet in commercial cells 5 19
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Example 5 : extra-ultra Low RVB Submodule (RBV = 0.3V)

Power Loss Fraction Power Loss Fraction

[Diffuse Fraction = 10%]

| Diffuse Fraction / 2 = 5% |
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Z#PVISYST Note: Those values have not been demonstrated in practice yet in commercial cells
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Example 6 : Low RVB Submodule (RBV = 2.5V) and high diff. Frac (50%)

Power-Voltage Curve vs. shading

150 -

100 -

Power [W]
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Cloudy Day reduce the interest for low RBV cells.
Adapting the electrical fraction parameter of PVsyt to better model cloudy day.
The parameter needs to be tuned to find the relevant annual results!
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