ostper Walt v | liisSgiissig] total 0.2548

ower losses
ectrical losses
s, ptical losses
? ther losses
esistance
ost per Watt

ost

5% gy 4%

20

e SWroil backmetal fingers glass encaps

0.0163 0.0036 0.0050 0.0231 0.0649 0.0139

Wire number- 10 Finger numt

ALL-IN-ONE TOOL FOR MODULE
DESIGN AND ANALYSIS

- show module IV data v/ Enable CTM
a 7 Lol S + Disc(mA) | 4262 DRs (Ohm

hold on [ | disable BPD
T T T

[simu] Pmpp = 146.1872 W, Isc = 9.2444 A Voc = 26.9129 V, FF = 58.7583 % |

1 1 1 1 1

5 10 15 20 25
Voltage (V)
pp (W) Isc (A) Voc (V) FF (%) Impp (A) vm

Fahradin Mujovi
Jacques Levrat

08/11/2023



In Neuchatel (not too far from here)!

Part of the Sustainable Energy Center




4] Ploss - o X
Solar Cell Design Simulator - CSEM - version 1.0

HETSIM - CSEM-MADE TOOL

Optimization parameters

1BB (JL = 0.08 cm), 47 fingers (4L = 0.00425 cm) @ 1suns

* Atfirst, power loss analysis for cell design o

optimization

* Rapidly, module level simulation tool was
developed

(cell] FF (0

« Power simulation accounting for CtM, BPD,
shading and bifaciality impact, etc...

nnnnnnnnnnn

Today Complex tool with many functionalities and =
backed up with powerful dabatase coom
Goal: Easy Design Optimization !

3 « PVPMC HETSIM PRESENTATION 2 CsSem



HETSIM IN A NUTSHELL

Database

4 « PVPMC HETSIM PRESENTATION

e =

BoM selection nanel

BoM definition panel

BOM Ressources

O Ressources

st | comesn | e o | eacw

Vaowars | Comsn | G o o0

= . e
LCAgraphs succestully updated in 042172 seconds

~ I nats [ water | ean | ninde | interen | madits  queom | ence |

global status ()

—_—

MODULE
[Bom v | EUPVSEC_HJT v )| water parameters
water origin (Europe v
Giass-3mm Water thickness (um) | 170
Module parameters

module frame |aluminum v

(67) AE-InSn um

CELL(S)

Edit current BOWMODULE

System main parameters

LCAanalysis  Cosis & CO2results  Rawmaterials  Compare configurations
functional unit [ KWh v undock
Plots

\mpact category (TG v Human toxicity, cancer (CTUh/KWh)

Human toxicity, cancer

Pat [GENERAL v

Graphtype (pie v

e sei Bem v .
Stte selection | Ben = ieamme
systemtype [slanted-roof v | SRR e
Module tit (*) . CELL [7,4446';-!3
S Azimuth (°), 180° = south 180 MODULES |1.08116.11
System Ifetime (years) ) B80S 31662611
Number of modules s use 9.80e-12
o oave main oW [110seo -
Degradation
Inital degradation (%) 15 Tables Export (xisx)
Degradation rate (%(an) 025 MODULE  BOS | USEPHASE  SYSTEM  Yearly production
Mocke detashest BOS losses (%) L] ID_material  1D_supplier |LCA_CC | unit_cC LCA_OD |unit_oD
Seloction mode (SMSCVaLS I [ caLcuare Loa BER ] 2 2 [0.0076637 |kg COZ eqhWh | 6.96426-10 | kg GFC11 eqhWh =
impp(A) | 104|  Rem(onmem2)| 0 @ 2 0.0013889 |kg CO2 eqkWh  1.81326-10 |kg CFC11 eq/kWh
Vmpp(v) | 378]  Reell(Ohmem2) | 05 2 2 0.00014236 |kg CO2 eqkWh  3.7126e-12_|kg CFC11 eqkWh
Teoelt_Pm (%C) | 027 12 o [3:2548605 |kg CO2 equwh | 1.8579e-12 |Kg GFOTT eqhkwn
2 2 0.0007986 |kg CO2 eqkWh | 5.5658e-11 |kg CFC11 eqrkWh
Yearly energy yield (MWhy) 3975
CONFIGURATIONS w a AoAaRe08 |kn 07 eakWh |1 A8788.15 (ko GFCT aiWh ™
Total energy yield (MWh) 192 ‘ )
-
- = T S P P e P o o 5 o o
& & @ 7 R SRS N PR P e
o & S ‘,.\a:;,.»ﬁ“ P «N"L S S Sy

dloss.re | gloss_abs |olessEVA refl |EVAabs interco_shad | AR coup | finger_coup | interco_coul

o008 00003 20000 20001 ooon| oot o008 [

KO1(bordor_aroa)  K0Z(col_spacing] |KO3(glass_ref) | kUA(glass_abs) | K0S(glassEVA_Tef) | KOG(EVA_abs)
[ 09795 09520, 09021 00905 00062

Power Loss
Analyis

BoM
Optimization

CTM analysis
Energy Yield

csem



CELL DESIGN FIXED

MODULE PERFORMANCES
OPTIMIZATION




OPTIMIZATION TOOL - CTM

« CtM losses can also be computed according to the used
stack (based on [2])

« Each contribution are either given by the user or

calculated ac
*  Optimization

6 + PVPMC HETSIM PRESENTA..

Efficiency [%]

235

23

N
~N
wn

22

215

21

23.64%  -1.45%

| I -0.47%
| |

-0.22%

CTM: Busbars and Ribbons. Absolute ratio: -1.468%

0.00%

-0.00%

-011%

0.00%

0.35%

egs  0.05% .
| —

0.05% I
s

|
cell_eff  border_area cell_spacing glass_refl glass_sbs glassEVA_refl EVA_sbs interco_shad AR_coup finger_coup interco_coup backsheet

[2] “Unified methodology for detemining CTM ratios: Systematic
|.Haedrich and al. )

Module border
Cell spacing
Glass reflection
Glass absorption

GlasseVA
reflection

EVA absorption
Interco shading

AR coupling

Finger coupling
Interco coupling

Backsheet coupling

Cell interconection

String
interconnection

Elect. mismatch

Junction box,
cabling

prediction of module power " by

ARC cel thickness [cm]

k(1)
k(2)
k(3)
k(4)
k()

k(6)
k(7)
k(8)

k(9)
k(10)
k(11)

k(12)
k(13)

k(14)
k(15)

Label Factor
number

Analytical
Analytical
Spectral
Spectral
Spectral

Spectral
Analytical

Literature
value

Analytical
Analytical

Measured
data

Analytical
Analytical

Analytical

Literature
value

ARC glass thickness [om]



OPTIMIZATION TOOL

« Single parameter optimization tool
* Quantitative evaluation of parameter variation impact

* Multiparametric optimization with optimum extraction and
easy visualization !
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390

380

375

370

365
35

siency [%]

21.21

212

21.19r

N
=
N
oo

Wire number- 10

Module efficiency, given different Inter-cell distance

O Max: 0.2101

Module efficiency

[module] output powerW

100
80

40 Finger number-

'8 2U.95 Backsheet retiectance: /5%

=

Glass thickness: 0.3 cm

20.9 Wafer type: M4 (Area: 258.25cm?)

20.85

20.8
0

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Inter-cell distance [cm]

0.8

= 390

385

375

370



KEY FIGURES PREDICTION

- Simulation based on a Two-diode model Jp,,T8 D¥Y¥ D ¥
with Quick simulations (ref [1])

Impp|(A)

- Simple and interesting example here:
Variation of key figure - impact on module performances

00 08

Voc (V) FF (%) Vmpp (V) Jsc (Alcm2) Jmpp (A/cm2)
Bcell min ®cellmax Bcellmean ®BMODULE

Bcell min ®cell max BEcellmean EMODULE

[1] Stephan Suckow, Tobias M. Pletzer and Heinrich Kurz, Fast and reliable calculation of the
8 + PVPMC HETSIM PRESENTATION two-diode model without simplifications, Prog. Photovolt: Res. Appl. 2014; 22:494-501 = CSem



LCA

Module and
cell level
parameters

System level
parameters

Results View

LCA graphs dated in 0 42172 d: global status
MODULE LCA analysis Costs & CO2 results Raw materials Compare configurations
| BOM v | EUPVSEC_HJT Wafer parameters functional unit | kWh v undock
wafer origin | Europe v Plots
Wafer thickness (um) 170 Impact category | HTC v Human toxicity, cancer (CTUh/kWh)
9%
Human toxicity, cancer e
Module parameters 2 = ‘(':"?F-R
- Pant [GENERAL v I VODULES
module frame  aluminum v = 80S
Edit current BOM/MODULE C_Juse
Graph type pie v

System main parameters RS

BEC301

Cell & Module main characteristics

Module datasheet

Selection mode | enter values v |
impp (A) 104

Vmpp (V) 378

Retm (Ohmem2) 0
Rcell (Ohmem2) [ 0.5'
Teoeft_Pm (%/°C) | -0.27 |

CONFIGURATIONS

all | v | EUPVSEC_HJ...

¥ | load | save | update

Site selection Bem

system type | slanted-roof ) v |
Module tilt (°) 35
Azimuth (°), 180° = south 180
System lifetime (years) 30
Number of modules 8
Degradation

Initial degradation (%)
Degradation rate (%/an)

BOS losses (%)

Yearly energy yield (MWh'y)

Total energy yield (MWh)

1.5
0.25

3.975 |
119.2|

29%
Part LCA_HTC 52%
WAFER 5.8204e-11
CELL |7.4446e-13
MODULES 1.0611e-11
BOS 3.1662e-11
USE 9.86e-12 i
TOTAL 1.1108e-10 <1%
Tables Export (*.xIsx)
MODULE BOS  USEPHASE  SYSTEM  Yearly production
ID_material ID_supplier [LCA_CC unit_CC LCA_OD unit_OD
T24 2 [0.0076637 |kg CO2 eq/kWh  6.9642e-10 | kg CFC11 eq/kWh
1 2 [0.0013889 |kg CO2 eqgkWh | 1.8132e-10 |kg CFC11 eq/kWh
2 2 0.00014236 |kg CO2 eqg/kWh 3.7126e-12 |kg CFC11 eq/kWh
12 0 3.2648¢-05 |kg CO2 eqg/kWh  1.8579e-12 |kg CFC11 eq/kWh
24 2 0.0007986 |kg CO2 eqg/kWh 5.5658e-11 |kg CFC11 eq/kWh
[T12 0 |2 2848e.058 |k CO2 eakWh | 1 R5796.12 2

ka CFC11 ea/kWh
>
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OUTLOOKS - CURRENT
DEVELOPING FEATURES




OUTLOOKS
CUVRED MODULES

Flashing

Without bypass diodes

105 Difference between simulation and measurements in %

2
1000 [W/m? | e Pmpp

1.04 " Impp
Vmpp
1.03 A FF

1.02

1.01F

A
0.994& ] 0

0.98 |

0.97

0s6r Flashing

0.95

Inf 1800 200 200 Unit
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Current [A]

5L

4L

3L

2| /

1t

0 . . .
0 10 20 30

OUTLOOKS

SIMULATING ARBITRARY TOPOLOGIES

- Simulation of unconventional topologies

Simulation of overlapping BPD topology

Voltage [V]

13 « PVPMC HETSIM PRESENTATION

1250

1200

1150

1100

150

Power [W]

) 4

X

Current [A]

Simulation of Parallel + Serial topology

1250
10
1200
8 -
1150
6 -
41100
4t
ol 150
0 . . . . . 0
0 5 10 15 20 25

Voltage [V]

= CsSem

Power [W]



OUTLOOKS
SIMULATING ARBITRARY TOPOLOGIES

Simulation of unconventional topologies

Shadowing of module
T T T T

i ]
4 B
<
@ 3
S
O
2 ke
Reference >
1 1 shadowed
2 shadowed
3 shadowed ﬂ
0 | | | |
0 10 20 30 40 50

Voltage [V]
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CONCLUSION

CTM analysis

Power Loss
Analyis

BoM OPTIMIZATION

Energy Yield

Offers an all-in-one centralized solution !

15 + PVPMC HETSIM PRESENTATION 2 CsSem



CONTACT US
FOR ANY QUESTIONS

Fahradin Mujovi Jacques Levrat
R&D Engineer Project Manager
fahradin.mujovi@csem.ch jacques.levrat@csem.ch

2 CSem

FACING THE CHALLENGES OF OUR TIME
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