37th European Photovoltaic Solar
Energy Conference and
Exhibition (EU PVSEC 2020)

Online
7 — 11 September 2020

Volume 1 of 3

Editors:

N. Pearsall
R. Kenny
P. Helm

ISBN: 978-1-7138-2265-3



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Lcom

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2020) by WIP — Renewable Energies
All rights reserved.

Printed with permission by Curran Associates, Inc. (2021)

For permission requests, please contact WIP — Renewable Energies
at the address below.

WIP - Renewable Energies
Sylvensteinstr. 2

81369 Munchen

Germany

Phone: +49 89 72012735
Fax: +49 89 72012791

wip@wip-munich.de

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax: 845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS
of EU PVSEC 2020 Proceedings Papers

New Materials and Concepts for Photovoltaic Devices

1AP.1.3

1A0.1.2

1A0.2.3

1A0.2.4

1A0.3.1

1A0.3.2

1A0.33

1A0.34

1A0.3.6

1B0O.16.1

1B0O.16.3

Plenary SESSION 1AP.1 Innovations in PV Technologies

Intermediate Band Solar Cells: Present and Future
I. Ramiro, A. Marti

Oral PRESENTATIONS 1AO0.1 Fundamentals: Novel Device and Module Concepts

4D Photoluminescence Imaging for Advanced Characterization of Photovoltaic Absorber
M. Legrand, A. Bercegol, A. Duchatelet, L. Lombez, J.-F. Guillemoles, D. Ory

Oral PRESENTATIONS 1A0.2 Advanced Solar Cell Architectures

Fabrication of Erbium Doped GaAs Intermediate-Band Solar Cell
T. Sogabe, C.-Y. Hung, R. Tamaki, S. Tomic, N. Ekins-Daukes, Y. Okada

Photonic Reflectors with Point Contact Approach for Cu(In,Ga)(S,Se)2 Solar Cells
M. Balestrieri, S. Lakhdar Chaouche, C. Jimenez, D. Bellet, M. Foldyna, P. Roca i Cabarrocas, D. Lincot

Oral PRESENTATIONS 1A0.3 Advanced Materials and Approaches for PV-Modules

The Use of Copper in Solar Cells and Modules
K. Gawlinska-Necek, P. Panek, Z. Starowicz, R.P. Socha, G. Putynkowski, M.K. Stodolny, B.B. Van Aken

Low Temperature Lead Free Solder Pastes for Shingling Interconnection
N.S. Pujari, P.M. Krithika, P. Vishwanath, S. Sarkar, C. Bilgrien

Encapsulant-Integrated Interconnection of Bifacial Solar Cells for BIPV Applications: Latest Results in the
Twill-BIPV Project

J. Govaerts, T. Borgers, R. Van Dyck, N. Andries, P. Meyers, A. van der Heide, L. Vastmans, R. Moors,

G. Doumen, P. Nivelle, M. Daenen, E. Voroshazi, C. Arnett, R. Labie, M. Van den Storme,

G. Van den Storme, S. Vandebroek, P. Schroyen, K. Smeers, T. Vavilkin, S. Dewallef, F. Abgrall, D. Jousset,
J. Poortmans

Enabling the In-Situ Stress and Temperature Measurement by Silicon Solar Cell Integrated Stress and
Temperature Sensors for Photovoltaic Modules

A.J. Beinert, M. Imm, J. Benick, F. Becker, S. Seitz, M. Heinrich, O. Paul, S.W. Glunz, J. Aktaa, U. Eitner,
H. Neuhaus

Spray Pyrolysis — A Versatile Technique for Thin Film Deposition in PV
J. Bartsch, U. Heitmann, L. Jakob, R. Mahmoud Algazzar, L. Tutsch, R. Hermann, S. Kluska, M. Bivour,
B. Bldsi, H. Hauser, S. Janz, M. Glatthaar

Oral PRESENTATIONS 1BO.16 Development and Characterization of New Solar Cell Architectures

Luminescent Characteristics of Wire-on-Well Nanostructure Solar Cells
M. Asami, R. Yokota, K. Watanabe, Y. Nakano, M. Sugiyama

Tailoring Band Gap in 2D Nanolayers for Photovoltaic Applications: In2Se3 Films
R. Minnings, A.I. Shkrebtii / Chkrebtii, G. Perinparajah, N. Arzate, S. Anderson, B. Mendoza, Y. Cho,
M. Downer, D.R.T. Zahn

13

20

25

29

33

38

44

48

51



1B0O.16.6

1BV.4.3

1BV.4.6

1BV.4.9

1BV.4.12

1BV.4.14

1BV.4.25

1BV.4.26

1BV.4.28

1BV.4.36

1BV.4.47

1BV.4.48

1BV.4.53

Recent Results on Carrier Selective Three Terminal Perovskite on Silicon-IBC Tandem Solar Cells
J.P. Connolly, K. Ahanobge, J.-P. Kleider, J. Alvarez, H. Kanda, M.K. Nazeeruddin, V.D. Mihailetchi,
P. Baranek, M. Vogt, R. Santbergen, O. Isabella

Visual PRESENTATIONS 1BV.4 Novel PV Conversion Systems, Characterization Approaches and
Device Designs / New Materials and Concepts for Cells and Modules

Modeling and Simulation of CdZnO/ZnO Heterostructure Based Multiple Quantum Wells for Photovoltaics
G. Siddharth, R. Singh, S. Mukherjee

High Frequency Modulated and Time Resolved Photoluminescence: Towards a Full Temporal
Characterization on 111-V Semi-Conductor Materials Including Slow Mechanisms
W. Zhao, C. Rakotoarimanana, A.-M. Goncalves, A. Etcheberry, L. Lombez, B. Bérenguier, J.-F. Guillemoles

Transparent Matrix Materials for Efficient Luminescent Solar Concentrators
M.R. Kulish, A.I. Shkrebtii / Chkrebtii, V.P. Kostylyov, A.V. Sachenko, I.0O. Sokolovskyi

Analysis of the Interface of RF-Sputtered MoOx based Hole-Selective Contacts for Silicon Heterojunction
Solar Cells

M.1. Elsmani, J. Cho, M. Recaman Payo, I. Gordon, E. Tresso, N. Fatima, M. Adib Ibrahim, K. Sopian,

J. Poortmans

Cd1-xZnxS Quantum Dots for Photovoltaics Application: First-Principles Study the Effects of the Metal
Vacancies on the Structural, Electron and Emission Properties
A.l Shkrebtii / Chkrebtii, LM. Kupchak, D.V. Korbutyak, N.F. Serpak

Effect of Hydrogen Plasma Treatment on Silicon Quantum Dot Multilayers Using Amorphous SiOx
R. Akaishi, K. Gotoh, S. Kato, N. Usami, Y. Kurokawa

Analysis of Selenization Processes for Antimony Selenide Solar Cells by Vacuum Evaporation
V. Kumar, E. Artegiani, P. Punathil, A. Romeo

Titanium Disilicide as the Only Material for Electrode in Crystalline Silicon Solar Cells
E. Zugasti, J. Bengoechea, A. Buceta, A. Turumbay, A.R. Lagunas

First Measurement of Lifetime of Photogenerated Current Carriers in New Material for Thin Films Solar
Cells — Cu2-NiSnSe4 Solid Solutions
M.V. Gapanovich, E.V. Rabenok, O.Yu. Urkhanov, B.1. Golovanov, G.F. Novikov

On the Road towards Vehicle Integration: Glass-Fibre Reinforced Encapsulation Enabling Light-Weight and
Curved Modules

J. Govaerts, T. Borgers, A.S.H. van der Heide, L. Vastmans, R. Moors, G. Doumen, L. Tous, A. Bettinelli,

S. Harrison, B. Willems, G. Galbiati, M. Galiazzo, L. Cerasti, J. Poortmans

Encapsulation of Photovoltaic Modules in Composite Material through HP-RTM Process
J. Aizpurua, W. Cambarau, 1. Arrizabalaga, G. Imbuluzqueta, J.M. Hernandez, N. Yurrita, O. Ollo,
F.J. Cano, O. Zubillaga

Smart Building Technology for Nano-Architecture
S.E. Sungur

Silicon Materials and Cells

2A0.4.1

2A0.4.3

2A0.4.4

Oral PRESENTATIONS 2A0.4 Silicon Materials and Defect Engineering

The Crystal Growth Explorer: Real-Time Navigable 3D Visualization of Silicon Grains and Defect Related
Data in Cast-Mono and Multicrystalline Bricks
J. Schénauer, M. Demant, T. Trétschler, A.S. Kovvali, H. Schremmer, P. Krenckel, S. Riepe, S. Rein

Cast-Mono Silicon Wafers for a Sustainable PV Market Growth
S. Riepe, S. Nold, P. Brailovsky, P. Krenckel, L. Friedrich, S. Janz, R. Preu

Drop Test Method for Impact Loading on Silicon Wafer Edge: Damage and Breakage
L. Carton, R. Riva, Y. Abidate, F. Coustier, D. Nelias

56

62

65

68

74

79

83

87

91

95

98

103

106

113

121

126



2A0.4.5

2A0.5.1

2A0.5.2

2A0.5.3

2A0.5.6

2A0.6.1

2A0.6.3

2A0.6.4

2A0.6.5

2A0.6.6

2BO.1.1

2B0O.1.3

2B0O.14

2B0O.2.1

Morphology, Microstructure, and Doping Behaviour: a Comparison Between Different Deposition Methods
For Poly-SI/S1Ox Passivating Contacts

T.N. Truong, D. Yan, C.-P.-T. Nguyen, T. Kho, H. Guthrey, J. Seidel, M.M. Al-Jassim, A. Cuevas,

D. Macdonald, H.T. Nguyen

Oral PRESENTATIONS 2A0.5 Defects in Silicon

Disappearance of Hydrogen-Boron-Pairs in Silicon during lllumination and Its Relevance to Lifetime
Degradation and Regeneration Effects in Solar Cells
D.C. Walter, D. Bredemeier, R. Falster, V.V. Voronkov, J. Schmidt

Defect Reactions Responsible for Boron-Oxygen Degradation in Crystalline Silicon Photovoltaics
J.A.T. De Guzman, V.P. Markevich, A.R. Peaker, M. Vaqueiro-Contreras, J. Coutinho, L.F. Crowe,
1. Hawkins, S. Hammersley, M.P. Halsall

LeTID- and (Extended) BO-Related Degradation and Regeneration in B- and Ga-Doped Monocrystalline
Silicon During Dark and Illuminated Anneals
W. Kwapil, J. Dalke, T. Niewelt, M.C. Schubert

Reducing LeTID with an Adjustment of the AIOX-SiNy:H Layer System
A. Schmid, C. Fischer, D. Skorka, A. Zuschlag, G. Hahn

Oral PRESENTATIONS 2A0.6 Poly-Silicon Passivated Contacts ()

Towards 24% Efficiency for Industrial n-Type Bifacial Passivating-Contact Solar Cells with Homogeneous
Emitter

J. Bao, C. Chen, L. Ma, C. Huang, X. Zhang, Z. Wang, C. Chen, S. Zhan, R. Liu, Z. Qiao, Z. Du, Z. Liu,

J. Chen

Industrial TOPCon Solar Cells Realized by a PECVD Tube Process
F. Feldmann, B. Steinhauser, T. Pernau, H. Nagel, T. Fellmeth, S. Mack, D. Ourinson, E. Lohmiiller,
J. Polzin, A. Moldovan, M. Bivour, F. Clement, J. Rentsch, M. Hermle, S.W. Glunz

POLO Back Junction: An Elegant Way to Implement Electron-Collecting Passivating Contacts in p-Type
Industrial Silicon Solar Cells

B. Min, A. Merkle, T. Brendemiihl, N. Wehmeier, Y. Larionova, B. Beier, L. David, H. Schulte-Huxel,

T. Dullweber, R. Peibst, R. Brendel

Doping and Hydrogenation Processes for Passivating Contact Solar Cells Using Plasma Immersion lon
Implantation (PI11)
T. Desrues, C. Oliveau, C. Seron, G. Borvon, F. Torregrosa, Q. Rafhay, A. Kaminski-Cachopo, S. Dubois

Enhanced Blue Response of Poly-Si/SiOx Passivating Contacts for High-Efficiency Silicon Solar Cells
K. Chen, V. LaSalvia, W. Nemeth, S. Theingi, A. Bothwell, M. Hartenstein, H. Guthrey, A.S. Kale, M. Page,
P. Stradins, S. Agarwal, D.L. Young

Oral PRESENTATIONS 2BO.1 Poly-Silicon Passivated Contacts (I1)

Plating on TOPCon as a Way to Reduce the Fabrication Costs of i-TOPCon Solar Cells

B. Steinhauser, B. Griibel, S. Nold, V. Arya, C. Schmiga, S. Kluska, A.A. Brand, F. Feldmann, N. Bay, X. Gay,
M. Passig, M. Glatthaar

Fired-Only Passivating Poly-Si on Oxide Contacts with DC-Sputtered In-Situ Phosphorous-Doped Silicon
Layers

L. David, S. Hiibner, B. Min, C. Hollemann, T. Dippell, P. Wohlfart, R. Peibst, R. Brendel

Firing Stability of Doped Polysilicon Passivation Layers

D. Kang, H.C. Sio, D. Yan, J. Stuckelberger, R. Liu, D. Macdonald

Oral PRESENTATIONS 2B0O.2 PERX: Processes and Technologies

Comparison of LeTID in Monofacial and Bifacial Multi-Crystalline PERC Cells and Modules
D. Zhang, B. Wan, G. Yan, J. Wu, J.-N. Jaubert, F. Jiang

133

140

145

152

156

160

164

170

173

176

179

184

188

193



2B0O.2.2

2B0.2.3

2B0O.2.5

2B0O.2.6

2BO.43

2B0O.5.2

2B0O.5.5

2B0O.5.6

2C0.13.1

2C0.13.2

2C0.134

2C0.135

2CO0.13.6

2C0.14.1

2C0.14.2

Atmospheric Pressure Chemical Vapor Deposited Aluminum Oxide / Silicon Nitride Stacks for PERC and
PERT Solar Cell Concepts with High Passivation Quality
F. Geml, B. Gapp, S. Sanz Alonso, J. Engelhardt, G. Hahn

Simultaneous Boron Emitter Diffusion and Crystallization of TOPCon Layers via Rapid Vapour-Phase Direct
Doping

M. Driefsen, A. Richter, B. Steinhauser, F. Feldmann, J.-I. Polzin, F. Sahajad, M. Ohnemus, C. Weiss,

J. Benick, S. Janz

Firing-Through Metallisation of PERT-Like Cells Using pc-Si(n) as Thin Rear Side Full Area Passivating
Contact
P. Wyss, Q. Jeangros, J.J. Diaz Leon, C. Allebé, S. Nicolay, F.-J. Haug, A. Ingenito, C. Ballif

An Advanced Chemical Model for the Phosphorus Diffusion During Emitter Formation of Industrial Silicon
Solar Cells
P. Jiger, V. Mertens, U. Baumann, T. Dullweber

Oral PRESENTATIONS 2B0O.4 Si-Alloy Based Functional Layers and TCOs

Process Influences during Atmospheric Pressure Chemical Vapor Deposition of Passivating Si-Based Doping
Glasses for PERT Solar Cell Concepts
F. Geml, J. Engelhardt, B. Gapp, L. Reinalter, G. Hahn

Oral PRESENTATIONS 2BO.5 Full Silicon Heterojunction Solar Cells

Improved Layer Properties Combined with Light Soaking Enabling for 23% Efficient Silicon Heterojuction
Solar Cells

A. Moldovan, S. Pingel, S. Roder, L. Tutsch, A. Fischer, V. Georgiou-Sarlikiotis, I.V. Vulcanean, W. Wolke,
M. Bivour, A. Wendel, S. Hiibner, T. Dippell, P. Wohlfart, J. Nekarda, J. Rentsch

Challenges for Efficient Integration of SHJ Based Solar Cells in Shingle Module Configuration
S. Harrison, A. Bettinelli, B. Portaluppi, V. Giglia, C. Carriére, A. Sekkat, D. Munoz-Rojas, V. Barth

Novel Patterning Techniques for Copper Electroplated Metallization on Silicon Heterojunction Solar Cells
A. Lachowicz, G. Andreatta, N. Blondiaux, A. Faes, J.J. Diaz Leon, G. Christmann, C. Allebé, C. Fontaine,
P.-H. Haumesser, J. Jourdan, D. Muiioz, M. Godard, M. Darnon, M. Despeisse, S. Nicolay, C. Ballif

Oral PRESENTATIONS 2C0.13 Manufacturing & Production of Si Cells

A Roadmap towards 24%-Efficiency PERC Cells Based on Screen Printing for Mass Production
X. Zhang, W. Liu, Y. Chen, S. Chen, G. Xu, Y.Y. Hu, Y. Yang, D. Chen, Y. Chen, P.P. Altermatt,
P.J. Verlinden, Z. Feng

Aspects of Gallium Doping for PERC Solar Cells
G. Fischer, F. Wolny, H. Neuhaus, M. Miiller

TOPCon — Technology Options for Cost Efficient Industrial Manufacturing
B. Kafle, B.S. Goraya, S. Mack, F. Feldmann, S. Nold, J. Rentsch

Mastering the Defectivity: Prerequisite for High Efficiency Silicon Heterojunction Solar Cells
R. Varache, J. Dahan, J. Hotel, W. Favre, A. Danel, C. Roux

AMPERE: The European PV Manufacturing Ready to Compete in the Premium High Efficiency Market
C. Colletti, C. Gerardi, F. Bizzarri, B. Strahm, A. Richter, D. Muiioz, M. Izzi, J. Levrat, C. Ballif, O. Nielsen,
B. Hartlin, B. Melzer, M. Tallian, S. Lombardo, M. Balucani, J. Rentsch

Oral PRESENTATIONS 2C0.14 Analysis of Wafers and Layers for Highly Efficient Crystalline
Silicon Solar Cells

Spectral Luminescence: Science and Applications in Silicon Photovoltaics
H.T. Nguyen, D. Macdonald

Review and Recent Development in Combining Photoluminescence- and Electroluminescence-Imaging with
Carrier Lifetime Measurements via Modulated Photoluminescence at Variable Temperatures
H. Hoffler, F. Schindler, A. Brand, D. Herrmann, R. Eberle, R. Post, A. Kessel, J. Greulich, M.C. Schubert

198

201

206

208

214

218

223

228

233

238

242

252

256

261

264



2C0.15.2

2C0.15.4

2CO0.15.6

2D0.10.4

2D0.10.5

2CVv.1.2

2CV.16

2CV.19

2CV.1.10

2Cv.111

2CV.1.13

2CV.1.16

2CV.1.19

2CV.1.20

2CV.1.23

2CV.1.32

2CV.1.33

Oral PRESENTATIONS 2C0.15 Measurement and Analysis of Crystalline Silicon Solar Cells

Contacting of Busbarless Solar Cells for Accurate I-V Measurements
K. Bothe, C. Kruse, D. Hinken, R. Brendel, M. Rauer, J. Hohl-Ebinger

Influence of Edge Recombinations on the Performance of Half-, Shingled- and Full Silicon Heterojunction
Solar Cells

V. Giglia, J. Veirman, R. Varache, B. Portaluppi, S. Harrison, E. Fourmond

Stress Induced Inhomogeneities in Crystalline Silicon Solar Cells: From Characterization to Advanced
Electrical Modelling
M. Kikelj, B. Lipovsek, M. Bokalic, M. Topic

Oral PRESENTATIONS 2D0.10 Thin Film and Foil-Based Si Cells

Plasma Enhanced Chemical Vapor Deposition (PECVD) and Catalytic CVD (Hot-Wire CVD) for High-Rate
Fabrication of Thin-Film Silicon Layers
S. Leszczynski, B. Leszczynska, C. Strobel, M. Albert, F. Stahr, J. Kuske, J.W. Bartha

Flexible Bifacial Amorphous Si Quintuple- and Sextuple-Junction Solar Cells for 10T Devices
M. Konagai, H. Noge, R. Ishikawa

Visual PRESENTATIONS 2CV.1 Characterisation & Simulation of Si Cells / Fabrication and
Production of ¢c-Si Silicon Solar Cells and Related Processes

Long-Term Stability of HJT Solar Cells under Illumination and UV Exposure
T. Luka, K. Sporleder, D. Hevisov, J. Bauer, S. Eiternick, S. Grofer, M. Turek

Spectral Multi-Scale Characterization to Assess the Impact of Metallization Bleeding
S. Grofser, T. Luka, C. Poplau, S. Eiternick, S. Richter, M. Turek

EL and LBIC Characterization of Cut Edge Recombination in IBC Solar Cells
M. Bokalic, M. Kikelj, K. Brecl, M. Jankovec, F. Buchholz, V. Mihailetchi, M. Topic

New Device for Accurate Measurement of Busbarless Bifacial Solar Cells by Using N.I.C.E.™ Technology
D. Reinwand, P. Wiechers, D. Kray

Comparing Microwave Detected Photoconductance, Quasi Steady State Photoconductance and
Photoluminiscence Imaging for Iron Analysis in Silicon
M. Pengerla, S. Al-Hajjawi, V. Kuruganti, J. Haunschild, N. Schiiler, K. Dornich, S. Rein

Measuring and Mitigating Edge Recombination in Modules Employing Cut Cells
D.D. Tune, F. Buchholz, 1. Ullmann, A. Halm

Computational Optical Analysis of 3D Modeled Crystalline Silicon Substrates Randomly Textured
D.M. Pera, J. Canhoto Cardoso, D. Vilhena, G. Gaspar, K. Lobato, 1. Costa, J.M. Almeida Serra,
J. Almeida Silva

Assessment of Influencing Factors on Lifetime-Based Defect Analysis
R. Post, T. Niewelt, W. Kwapil, M.C. Schubert

A Simplified Double Diode Model for Modeling I-V Characteristic of Si Solar Cells
J. Zhang, J. Wu, K. Ding, L. Feng, F.U. Hamelmann, X. Chen

Revealing the Nano-Scale Structure and Properties of Pinholes in SiOx Layers for POLO Contacts
H. Guthrey, A.S. Kale, C. Lima Salles de Souza, W. Nemeth, M. Page, S. Agarwal, D. Young, M.M. Al-Jassim,
P. Stradins

Investigation of Bifacial PERC Cells Based on Rear Side SiOxNy Passivation
C.-W. Kuo, T.-M. Kuan, W.-L. Chueh, L.-G. Wu, S.-C. Lin, C.-Y. Yu

Innovative Process Control on Premium Technology Photovoltaic Cell and Module Manufacturing Line
F. Rametta, C. Gerardi, D. Iuvara, E. Arena, F. Bizzarri, V. Barth, D. Muiioz, W. Favre, M. Izzi, C. Colletti

277

282

286

290

295

302

305

308

312

317

322

329

332

336

340

343

346



2CV.1.34

2CV.1.39

2CV.1.40

2CV.1.43

2CV.1.44

2CV.1.45

2CV.1.46

2CV.1.47

2CVv.151

2CV.1.53

2CV.1.55

2CV.1.56

2CV.1.57

2CV.1.58

2CV.1.59

2CV.1.60

2CV.161

2CV.1.62

Improvement of the Quality of Multicrystalline-Silicon Wafers for the Manufacture of Silicon Heterojunction
Solar Cells
R. Barrio Martin, N. Gonzdlez Perialba, I. Torres, J. Carabe, J.J. Gandia

Advanced Light-Trapping Structures for Back-Contact Solar Cells Produced by Metal-Assisted Chemical
Etching

D.M. Pera, A. Frota, I. Costa, D. Vilhena, J. Canhoto Cardoso, G. Gaspar, K. Lobato, J.M. Almeida Serra,
J. Almeida Silva

Macroscopic Numerical Simulation of the Ozone-Based Wet Chemical Emitter Etch Back for Alkaline
Textured Si-Wafers
T. Dannenberg, L. Mohr, M. Zimmer

BBr3 Diffusion: Process Optimization for High-Quality Emitters with Industrial Cycle Times
E. Lohmiiller, M. Glatz, S. Lohmiiller, U. Belledin, S. Mack, T. Fellmeth, R.C.G. Naber, A. Wolf

High Throughput Low Energy Industrial Emitter Diffusion and Oxidation
M. Mefsmer, S. Lohmiiller, J. Weber, A. Piechulla, S. Nold, J. Horzel, A. Wolf

POCI3-Based Emitter Diffusion Process with Lower Recombination Current Density and Homogeneous
Sheet Resistance for Nanotextured Monocrystalline Silicon with Atmospheric Pressure Dry Etching
N.W. Khan, A.I. Ridoy, B. Kafle, M. Klitzke, S. Schmidt, L. Clochard, A. Wolf, M. Hofinann, J. Rentsch

The Effect of Different Laser Wavelengths on Bifacial Plated Laser Doped Selective Emitter Solar Cells
Y.-C. Chang, S. Wang, S. Li, R. Deng, J. Ji, C.M. Chong

Self-Aligned Selective Emitter for PERC based on Inkjetable UV-Polymer
R. Efinger, B. Kafle, K. Demel, T. Ellahi, M. Jahn, M. MefSmer, J. Horzel, M. Zimmer, S. Kluska,
W. Shepherd, M. Pickrell, J. Hermans, S. Lohmiiller, E. Lohmiiller, R. Keding

Laser Assisted Separation Processes for Bifacial pSPEER Shingle Solar Cells
A. Miinzer, P. Baliozian, K. Ahmed, A. Nair, E. Lohmiiller, T. Fellmeth, A. Spribille, R. Preu

Project "Rock-Star" — High-Speed Rotary Printing for Solar Cell Metallization: From Vision to Reality
A. Lorenz, J. Roth, K. Zengerle, M. Linse, M. Klawitter, S. Tepner, N. Wirth, R. Greutmann, M. Lehner,
A. Senne, D. Reukauf; A. Mette, F. Hage, M. Drews, S. Gombert, H. Brocker, J. Rohde, E. Dorsam,

F. Clement, R. Preu

Lifetime Analysis of Bifacial-Ready Contacting of Busbarless and Multibusbar Solar Cells for Industrial
Mass Production
P. Waleska, D. Kosters, K. Ramspeck, M. Meixner

Evaluation of Inline High-Intensity Illumination Treatments Against LeTID
H. Vahlman, S. Roder, K. Krauf3, J. Nekarda, S. Rein

Upgrade Technologies for Silicon Photovoltaics — Part I: Industrial Solution to Minimize the Negative Impact
of Light Induced Degradation
T. Pernau, C. Derricks, G. Hahn, L. Helmich, A. Herguth, J. Schmidt, D. Walter

Investigation of the Accelerated Degradation and Regeneration Testing for p-Type PERC Cells
M.-A. Tsai, Y.-C. Lee, C.-W. Kuo, T.-M. Kuan, H.-H. Hsieh, C.-Y. Yu, T.-C. Wu

The International Technology Roadmap for Photovoltaics and the Significance of Its Decade-Long
Projections
P. Baliozian, S. Tepner, M. Fischer, J. Trube, S. Herritsch, K. Gensowski, F. Clement, S. Nold, R. Preu

Efficient Deployment of Deep Neural Networks for Quality Inspection of Solar Cells Using Smart Labeling
P. Kunze, J. Greulich, S. Rein, K. Ramspeck, M. Hemsendorf, A. Vetter, M. Demant

Screen Utility Simulation - Explaining the Evolution and Future of Screen Printed Metallization of Si-Solar
Cells
S. Tepner, L. Ney, M. Singler, M. Linse, A. Lorenz, M. Pospischil, F. Clement, R. Preu

Effect of X-Y Translation Table Speeds to the Optical Absorption of Silicon Solar Cells Textured by Pulsed
Nd:YAG Laser
N.H. Abdul Razak, K. Sopian, N. Amin, M. Akhtaruzzaman

350

354

358

364

370

378

383

388

394

400

404

409

414

418

420

427

433

437



2bv.2.1

2DV.2.9

2DV.2.10

2DVv.2.11

2DbV.2.14

2DV.2.15

2DV.2.18

2DV.3.2

2DV.3.4

2DV.3.5

2DV.3.7

2DV.3.8

2DV.3.13

2DV.3.14

2DV.3.16

2DV.3.17

2DV.3.18

2DV.3.19

2bv.3.21

Visual PRESENTATIONS 2DV.2 Silicon Wafer Technology / Thin Film and Foil-Based Si Cells

Crystalline Silicon Synthesis by Magnesiothermic Reduction of Natural Silica Sand
A. Darghouth, S. Aouida, B. Bessais

Kerfless Wafering Approach with Si and Ge Templates for Si, Ge and 111-V Epitaxy
C. Weiss, W. Schreiber, M. Drief3en, R. Sorgenfrei, T. Liu, M. Ohnemus, S. Janz

Methodology to Determine Bulk Crystal Quality in Terms of Carrier Lifetime without Wafering
M. Miiller, A. Weber, A.1. Kropp, M. Ehrl, T. Urban, P. Hiussermann, B. Neubert, A. Albrecht, S. Seidel,
R. Otto, K. Dadzis, R. Menzel, M. Trempa, C. Kranert, C. Reimann, J. Heitmann

Early Stage Quality Assessment in Silicon Ingots from MDP Brick Characterization
A.S. Kovvali, M. Demant, B. Rebba, N. Schiiler, J. Haunschild, S. Rein

Effective Lifetime Variations Significant for Process Evaluation or Just an Artifact of Wafer Size and
Quality? — An Attempt to Quantify Material Induced Variations
C. Fischer, A. Schmid, A. Zuschlag, G. Hahn

Firing-Triggered LID (FT-LID) of the Carrier Lifetime in Cz-Si
M. Winter, L. Helmich, D.C. Walter, J. Schmidt

Limitations of the Growth Rate of Silicon Mono Ingots Grown by the Czochralski Technique
F. Mosel, A.V. Denisov, B. Klipp, N. Sennova, C. Kranert, T. Jung, M. Trempa, C. Reimann, J. Friedrich

Visual PRESENTATIONS 2DV.3 Crystalline Silicon Solar Cell Technologies

Evaluation of Heterojunction Solar Cell Losses due to Half-Cell Processes
M. Turek, O. Breitenstein, S. Eiternick, S. Bharatula, S. Grofier

Graphene-Based Transparent Electrode Incorporated into Silicon Heterojunction Solar Cell Technology
I Torres, S. Fernandez, J.J. Gandia, N. Gonzalez Pefialba, R. Barrio Martin, M. de la Cruz, J. Carabe

Laser-induced modification of doped poly-Si surface for Si solar cells with structured passivated contacts
S. Schdfer, A. Mercker, V. Mertens, T. Neubert, A. Kohler, L. Mettner, R. Brendel, R. Peibst

Alternative CZ Ingot Squaring and Half-Cell Cutting Methodology for Low-Temperature PV Cell and
Module Technologies
J.F. Leliévre, S. Harrison, M. Albaric, L. Carton, B. Portaluppi, V. Barth

Silver- and Indium-Free Silicon Heterojunction Solar Cell
A. Lachowicz, G. Christmann, A. Descoeudres, S. Nicolay, C. Ballif

Doping Variation at the TCO/a-Si(p) Hole Contact
C. Luderer, L. Tutsch, C. Messmer, M. Hermle, M. Bivour

Technological Viability and Proof-of-Concept of Applying Low-Temperature PECVD SiNXx for Inkjet-
Masked Selective Emitters
B. Kafle, K. Demel, R. Efinger, M. Hofmann, W. Shepherd, M. Pickrell, R. Keding

Insights on Cell Edge Defects Impact and Post-Process Repassivation for Heterojunction
B. Portaluppi, S. Harrison, V. Giglia, A. Sekkat, D. Munoz-Rojas

Low-temperature Ag-Paste Screening for Silicon Heterojunction Solar Cells and Modules
S. Pingel, D. Erath, T. Wenzel, S. Nold, D. Eberlein, A. De Rose, S. Tepner, J. Schube, G. Ivanov,
E. Terukova, A. Moldovan, A. Lorenz, F. Clement

Investigating the Effect of Interstitial Fe Impurity Contamination on n-Type Cz-Silicon Material for High
Efficiency Solar Cell Processing
A. Hajjiah, H. Badran, 1. Gordon, J. Szlufcik, J. Poortmans, J. John

Front Side Optimization on Boron- and Gallium-Doped Cz-Si PERC Solar Cells Exceeding 22% Conversion

Efficiency
E. Lohmiiller, J. Greulich, P. Saint-Cast, S. Lohmiiller, S. Schmidt, U. Belledin, T. Fellmeth, S. Mack,
G. Emanuel, K. Krieg, M. Zimmer, R. Kunert, F. Zobel, M. Linse, J. Horzel, M. Mefimer, A. Wolf, R. Preu

PECVD Shadow Mask Deposition of Amorphous Silicon— a Shortcut to Local Passivating Contacts
M. Stéhr, B. Beier, J. Aprojanz, A. Vogt, N. Ambrosius, R. Brendel, T. Dullweber

441

444

449

452

459

462

468

474

478

482

487

490

493

497

504

508

512

516

521



2DV.3.23

2DV.3.24

2DbV.3.27

2DV.3.28

2DV.3.35

2DV.3.36

2DV.3.38

2DV.3.48

2DV.3.51

2DV.3.52

2DV.3.53

2DV.3.54

A Study on the Influence of Aluminum Oxide Layer Properties on Contact Formation
B. Gapp, F. Geml, J. Engelhardt, G. Hahn

Silicon Wafers with a Thickness below 130-Micrometers in Mass Production of Heterojunction Solar Cells
1. Nyapshaev, K. Emtsev, D. Andronikov, A. Abramov, A. Ivanov, V. Tarasov, D. Saykin, A. Dubrovskiy,
P. Ishmuratov, 1. Shakhray

P-Type pc-Si:H Based Hole Selective Fired Passivating Contacts (FPC) without Hydrogenation After Firing
A. Desthieux, B. Bazer-Bachi, G. Goaer, E. Drahi, J. Posada, P. Roca i Cabarrocas

An Investigation of an Atmospheric Screen-Printable Cu Paste and Rapid Thermal Sintering Contact for Cost-
Effective Silicon Solar Cell
A. Ebong, K. Ren, S. Huneycutt, R. Dharmadasa, K. Ankireddy, T. Druffel

P- and n-Doped Layers Optimization for Silicon Heterojunction Solar Cells in the Rear Emitter Configuration
A. Abramov, D. Andronikov, K. Emtsev, A.V. Semenov, 1. Shakhray, E.I. Terukov

Screen-Printed Aluminium Contacts on n+-Doped Silicon
S. Suzuki, Z.-W. Peng, K. Tsuji, M. Nakahara, N. Morishita, T. Kuroki, A. Adrian, M. Dhamrin, T. Buck

Reduced Surface Reflection of Solar Silicon and Solar Glass by Maskless Plasma Texturing with CHF3/H2
A. Okhorzina, N. Bernhard

Single-Step Periodic Photoelectrochemical Texturing of Silicon for Photovoltaics
N. Avishan, A. Akbiyik, E. Yiice, A. Bek

Heterojunction Silicon Solar Cells Incorporating Unpatterned MoOx and LiFx/Al on Wet-Chemically
Processed Silicon Surfaces
K. Tsoi, D. Tiirkay, E. Donercark, E.H. Ciftpinar, M. Ghasemi, R. Turan, S. Yerci

Engineering SiO2/TiO2 Stacks for Improved Electron Selective Contacts
1. Costa, D. Vilhena, G. Gaspar, D. Pera, J. Canhoto Cardoso, K. Lobato, J. Almeida Silva,
J.M. Almeida Serra

Back Contact Coating to Increase the Efficiency of Polycrystalline Silicon Solar Cells
A.-E.-H.-B Kashyout, S. El-Hashash, R. AbdelRassoul

Phosphorus Doped Poly-Si Passivated Contacts by LPCVD and PECVD for Industrial Large-Area Solar Cells
A. Lanterne, J. Yang, J.C. Loretz, R. Monna, N. Enjalbert, B. Martel, S. Benguesmia, C. Lorfeuvre, C. Denis,
S. Dubois

Perovskites and Other Non-Silicon Materials, MJs and Tandems

3A0.7.2

3A0.8.1

3A0.8.3

3A0.9.4

Oral PRESENTATIONS 3AO0.7 High Efficiency Tandem Solar Cells

Silicon-Based Monolithic Triple-Junction Solar Cells with Conversion Efficiency >34%
R. Miiller, P. Schygulla, D. Lackner, O. Hohn, H. Hauser, A. Richter, A. Fell, B. Bldsi, F. Predan, J. Benick,
M. Hermle, F. Dimroth, S.W. Glunz

Oral PRESENTATIONS 3A0.8 Tandems: Material and Process Developments

Analysis and Optimization of Perovskite-Silicon Tandem Solar Cells by Full Optoelectronic Simulation
U. Aeberhard, A. Schiller, B. Bliille, B. Ruhstaller

High Bandgap Absorber for Monolithic Perovskite Silicon Tandem Solar Cells Reaching 25.1% Certified
Efficiency and Ways Beyond

P.S.C. Schulze, A.J. Bett, O.S. Kabakli, K.M. Winkler, L.E. Mundt, F.M. Gerspacher, Q. Zhang,

C.L.M. Hofmann, M. Bivour, M. Hermle, S.W. Glunz, H. Hillebrecht, J.C. Goldschmidt

Oral PRESENTATIONS 3A0.9 Organic PV: Efficiency, Stability, Scalability

Thermal Analysis of Organic Photovoltaic Modules as Building Elements in Long Term Outdoor Operating
Conditions
C.A. Toledo Arias, G. Bardizza, A.M. Gracia Amillo, J. Abad, A. Urbina

525

529

532

536

540

542

545

549

554

560

564

570

574

579

582

587



3A0.9.6

3B0.9.2

3B0.9.6

3B0.10.4

3B0.10.5

3C0.54

3C0.5.5

3CO.7.6

3C0.8.3

3C0.8.4

3C0.8.5

3BV.13

3BV.1.7

3BV.1.9

3BV.1.14

Extended Lifetime of Organic Solar Cells with New Non-Fullerene Acceptors
R. Lopez Vicente, J. Abad, M. Espindola-Rodriguez, M. Fernandez Castro, J.W. Andreasen, A. Urbina
Oral PRESENTATIONS 3B0O.9 Processing of Perovskite Solar Cells

In-Situ Monitoring of Perovskite Thin Film Formation by High-Speed Optical Reflectance Spectroscopy
C. Camus, C. Kaspari, J. Rappich, C. Rehermann, F. Mathies, V. Blank, E. Unger, N. Nickel

Controlled Laser-Induced PBI2 Formation for Optimized P2 and P3 Patterning of Perovskite Mini-Modules
C. Schultz, M. Fenske, J. Dagar, C. Junghans, A. Zeiser, A. Bartelt, R. Schlatmann, E. Unger, B. Stegemann
Oral PRESENTATIONS 3BO0.10 Characterizing Perovskite Solar Cell Performance and Stability

Experiences of Continuous On-Sun Performance Measurements of Perovskite Mini-Modules
M. Norton, M. Kohlistidt, M. Hadjipanayi, V. Paraskeva, U. Wiirfel, G.E. Georghiou

Perovskite Solar Cells Subjected to Realistic Operating Conditions: Temperature Dependence, Outdoor
Monitoring, Energy Yield Modelling
B. Lipovsek, M. Jost, S. Tomsic, A. Al-Ashouri, K. Brecl, S. Albrecht, M. Topic

Oral PRESENTATIONS 3CO.5 111-V and Related Compound Semiconductor Solar Cell Devices

Epitaxial GaAs Lift-off from Si(111) Wafer via 2D-GaSe Buffer Layer
N. Kojima, Y.-C. Wang, Y. Ohshita, M. Yamaguchi

Photon Recycling Mechanisms in Thin-Film GaAs Solar Cells
N. Gruginskie, F. Cappelluti, A. Tibaldi, G.J. Bauhuis, P. Mulder, E. Vlieg, J.J. Schermer

Oral PRESENTATIONS 3CO0.7 Advances in Growth Methods for CIGSe and Kesterite Absorbers

Determination of the Back Contact Recombination Velocity of a Cu(In,Ga)Se2/ITO Interface Using Bifacial
Solar Cells
T. Schneider, T. Holscher, H. Kempa, R. Scheer

Oral PRESENTATIONS 3C0.8 CIGSe Modules & Advances in CdTe Technology

Performance Evaluation and Parametrization of CIGS Thin Film Solar Modules through Multiple Linear
Regressions
G.A. Farias Basulto, P. Reyes-Figueroa, C. Ulbrich, B. Szyszka, R. Schlatmann, R. Klenk

Effects of PDT on the Low Temperature Behavior of CIGS Thin-Film Solar Cells
D. Miicke, R. Vidal Lorbada, T. Walter, R. Schdffler

Dispensing Technology Meets CIGS Substrates: First I\V-Results with Dispensed Metal Grid on CIGS Mini-
Modules

K. Gensowski, A.M. Jimenez Cardozo, S. Tepner, M. Kuchler, M. Breitenbiicher, T. Freund, P. Kider,

J. Miiller, B. Dimmler, M. Pospischil, F. Clement

Visual PRESENTATIONS 3BV.1 Perovskites

Comparative Study of the Properties of MAPbI3 Films Prepared by Different Methods
G. Gordillo, E.A. Ramirez Pérez, O.G. Torres, M.C. Abella

Growth of MAPbI3 Films with Improved Stability: A Comparative Study
G. Gordillo, O.G. Torres, M.C. Abella, J.C. Peiia, O. Virguez

Novel Photovoltaic Devices Using Ferroelectric Material
R. Ndioukane, F. Balde, D. Kobor, N.C.Y. Fall, M. Tine, P.B. Himbane, L. Motte, J. Solard

Outdoor Monitoring System with MPP Tracking for Perovskite Solar Cells
B. Glazar, G. Matic, M. Jost, M. Topic

592

596

601

606

611

615

618

621

627

633

636

641

645

649

653



3BV.1.18

3BV.1.22

3BV.1.23

3BV.1.27

3BV.1.29

3BV.1.32

3BV.1.35

3BV.1.36

3BVv.2.2

3BVv.23

3BVv.2.7

3BVv.2.8

3BVv.2.11

3BV.2.25

3BV.2.33

3BV.2.34

3BV.2.36

3BV.2.39

3BV.2.49

Doped Engineering Fabricated High-Crystallization Perovskite Solar Cell as MAPb10.95CI0.05
C.-H. Kuan, C.-F. Lin

Improvements on the Stability of MAPbI3 Thin Films Against UV Radiation by a Low Temperature
Encapsulation Method that Uses Commercial Ethylene-Vinyl Acetate Sheets
L. Ocarnia, C. Montes, S. Gonzdlez-Pérez, B. Gonzdlez-Diaz, M. Friend, M. Cendagorta

Technical Analysis of Mixed Binders Based on Epoxy Resin and Ethylene-Vinyl Acetate to Produce
Conductive Inks for the Metallization of Perovskite Solar Cells via Screen Printing Technique
C. Montes, L. Ocana, S. Gonzdlez-Pérez, B. Gonzdlez-Diaz, M. Friend, M. Cendagorta

Developing an Agglomerate of Graphite and Black Carbon in an Ethylene-Vinyl Acetate in Toluene Solution
for Producing Electrodes for HTM-Free Perovskite Solar Cells
C. Montes, L. Ocana, S. Gonzalez-Pérez, B. Gonzalez-Diaz, M. Friend, M. Cendagorta

Synthesis of Perovskite Films for Photovoltaics: Influence of the Reagents’ Ratio on the Material Properties
V.P. Kostylyov, A.V. Sachenko, 1.0. Sokolovskyi, V.M. Viasiuk, P.V. Torchyniuk, O.1. V&apos,yunov,
A.G. Belous, A.I. Shkrebtii / Chkrebtii

Synthesis of Mixed-Halide Hybrid Perovskites for Defect Characterization
G. Fischer, J. Beyer, L. Miiller, A. Jarosz, J. Heitmann, M. Miiller

Numerical Simulation of Bias Dependent lon Re-Distribution in Perovskite Based Solar Cell
D. Sivadas, S. Chandra Tirupati, P.R. Nair

A Practicable Way Doping Perovskite Solar Cell to Fabricate MAPbIXCI3-x
C.-H. Kuan, P.-T. Kuo, C.-F. Lin

Visual PRESENTATIONS 3BV.2 CI(G)S, CdTe and Related Thin Films / Organic and Dye-Sensitised
Devices / 11-V and Related Compound Semiconductors / Tandems

Achievement of Graded Band Gap in CdTe Solar Cells through Selenization of the Absorber
E. Artegiani, P. Punathil, V. Kumar, A. Romeo

Annealing Temperature and Post Sulphurizaton/Seleniation Effects on Solution-Based CZTS Devices
P. Punathil, S. Zanetti, E. Artegiani, V. Kumar, A. Romeo

Throughout RF Magnetron Sputtering Route to Fabricate CZTS Thin-Film Solar Cell
A.K. Sen Gupta, EEM.K.I. Ahamed, M. Quamruzzaman, M.A. Matin, N. Amin

Raman Spectroscopy as a Possible In-Line Inspection Tool for CIGS Solar Cells in Comparison with
Photoluminescence Measurements
J. Zikulnig, K. Harms, W. Miihleisen, L. Neumaier, P.J. Bolt, M. Simor, M. De Biasio

CIGS Modules with Copper Plated Metallization
A. Lachowicz, S. Nicolay, C. Ballif

Elaboration of Wide Bandgap CIGS on Silicon by Electrodeposition of Stacked Metal Precursors and Sulfur
Annealing
A. Crossay, B.F.C. Zerbo, D. Cammilleri, A. Rebai, N. Barreau, D. Lincot

Impedance Spectroscopy Models of CZTSe Nanolayer Ge Bi-Layers Devices
S. Lee, K.J. Price, E. Saucedo

Effect of CdS1-xTex Intermix Layer Thickness on CdTe Solar Cell Performance
N. Kumar Das, S.F.U. Farhad, J. Chakrabartty, M.A. Matin, N. Amin

Alkali Post-Deposition Treatment of Cu(In,Ga)(S,Se)2 Solar Cell Absorbers Grown under Atmospheric
Pressure

P. Reyes-Figueroa, T. Kodalle, T. Bertram, A. Villanueva-Tovar, E. Waack, R. Haberecht, C.A. Kaufmann,
R. Schlatmann, R. Klenk

A Low-Temperature X-Ray Diffraction Study of the Cu2ZnSnSe4 Thin Films on a Mo Foil Substrate
A.V. Stanchik, V.A. Chumak, V.F. Gremenok, S.M. Baraishuk, T.V. Shoukavaya

Organic Solar Cells Based on an Anthradithiophene Conjugated Polymer
G. Bianchi, F. Melchiorre, C. Carbonera, G. Corso, R. Barbieri, A. Proto, G. Ottimofiore, A. Lombardi,
R. Po, F. Ferrazza, F. Tinti, N. Camaioni, A. Nitti, D. Pasini

657

659

663

667

673

678

682

685

687

691

695

698

704

706

710

713

718

722

725



3BV.2.53

3BV.2.54

3BV.2.55

3BV.2.56

3BV.2.89

3BV.2.100

3BV.2.101

3BV.2.102

3BV.2.104

Preliminary Study of the Role of Fluorinated Phthalocyanines as a Third Component in Ternary Organic
Solar Cells
A.A.A. Torimtubun, J. Follana-Berna, A. Sastre-Santos, J. Pallarés Marzal, L.F. Marsal Garvi

Characterization of PEDOT:PSS Functionalized by Dimethyl Sulfoxide and Triton X-100 and TiO2
Nanoparticles
A. Yaseen, A. Vazquez-Lopez, D. Maestre, J. Ramirez-Castellanos, E.S. Marstein, S.Z. Karazhanov,
A. Cremades

High Efficiency Inverted Polymer Solar Cells Fabricated Based on ZnO-ETL Utilizing Spray Pyrolysis
Technique
E. Moustafa, J.G. Sanchez Lopez, L.F. Marsal Garvi, J. Pallarés Marzal

Evaluation Emerging PV Performance under Energy Harvesting for Indoor Lighting Applications
Y.-S. Long, M.-A. Tsai, T.-C. Wu, S.-T. Hsu

Promising Materials for High Efficiency Dual Junction Solar Cell Directly Grown on Silicon
D.N. Micha

Nanostructured Photoelectrodes Based on Yttria Stabilized Zirconia: Applications to Perovskite/c-Si Tandem

Solar Cells
M.F. Vildanova, A.B. Nikolskaia, S.S. Kozlov, O.K. Karyagina, O.V. Alexeeva, O.1. Shevaleevskiy

LCA of Perovskite on Si Tandem PV Modules at Industrial Scale
C. Salas Redondo, C.F. Blanco, K. Alvino, W.J.G.M. Peijnenburg, L. Oberbeck

Sequential Silicon Surface Melting and Atmospheric Pressure Phosphorus Doping for Crystalline Tunnel
Junction Formation in Silicon/Perovskite Tandem Solar Cells

G. Gaspar, J. Canhoto Cardoso, 1. Costa, A. Guerra, A.S. Viana, M.E.M. Jorge, D. Vilhena, D. Pera,

J. Almeida Silva, A.M. Valléra, L. Vines, J.M. Almeida Serra, K. Lobato

Optimization of Transparent Conductive Oxides for Silicon-Perovskite Tandem Solar Cells
V. Sittinger, H. King

Photovoltaic Modules and BoS Components

4B0O.11.4

4B0O.11.5

4B0O.11.6

4B0.12.2

4B0.12.3

4B0.124

4B0.12.5

Oral PRESENTATIONS 4BO.11 Backsheet and Encapsulation Materials

More Realistic Consideration of Backsheets Coefficient of Thermal Expansion on Thermomechanics of PV
Modules
P. Romer, G. Oreski, A.J. Beinert, H. Neuhaus, M. Mittag

Optimisation of the Frontsheet Encaspulant for Increased Resistance of Lightweight Glass-Free Solar PV
Modules
F. Lisco, A. Virtuani, C. Ballif

Effect of Encapsulant Storage Conditions on the Long-Term Photo-Induced Degradation of EVA in Double-
Glass Solar PV Modules
L. Gnocchi, A. Fairbrother, A. Virtuani, C. Ballif

Oral PRESENTATIONS 4B0.12 Induced Degradation

Optimized Module Packaging for Silicon Heterojunction Solar Cells and Increased PID Resistance
O. Arriaga Arruti, L. Gnocchi, F. Lisco, A. Virtuani, C. Ballif

Extreme Testing of PID Resistive c-Si PV Modules with 1500 V System Voltage
P. Lechner, J. Schnepf, S. Hummel, D. Geyer, J. Wittfoth, R. Merino Martinez, P. Sanchez-Friera

Detecting and Understanding Sodium Movement in Solar Panel Encapsulant Polymers
S.L. Moffitt, B.H. Hamadani, X. Gu

Illumination and Encapsulant Resistivity Are Critical Factors in Polarization-Type Potential Induced
Degradation on n-PERT Cells
B. Habersberger, P. Hacke

728

732

738

742

747

750

754

765

769

772

T

784

789

792

796

799



4B0O.12.6

4B0.13.2

4B0O.13.3

4B0O.13.6

4B0.14.2

4B0.14.5

4C0O.11

4C0O.1.2

4C0O.1.3

4C0O.14

4CO.1.5

4C0.21

4C0.2.2

4C0.24

4C0O.2.5

LeTID Impact on Bifacial Modules Using Accelerated Aging Tests, Electroluminescence and PV Plant
Modelling
J. Dupuis, G. Plessis, G. El Hajje, E. Lajoie-Mazenc, E. Sandré, K. Radouane, P. Dupeyrat

Oral PRESENTATIONS 4B0.13 Outdoor Performance and Energy Rating

Interlaboratory Comparison of the PV Module Energy Rating Standard IEC 61853-3

M.R. Vogt, S. Riechelmann, A.M. Gracia Amillo, A. Driesse, A. Kokka, K. Maham, P. Kdrhd, R.P. Kenny,
C. Schinke, K. Bothe, J.C. Blakesley, E. Music, F. Plag, G. Friesen, G. Corbellini, N. Riedel-Lyngskcer,
R.M.E. Valckenborg, M. Schweiger, W. Herrmann

Uncertainty of PV Module Energy Rating Caused by Spectral Effects
W. Herrmann, 1. Nixdorf, J. Bonilla Castro

Energy Yield Modelling of 2D and 3D Curved Photovoltaic Modules
S. Neven-du Mont, M. Heinrich, A. Pfreundt, C. Kutter, A. Tummalieh, D.-H. Neuhaus

Oral PRESENTATIONS 4B0.14 Module Design, Ageing and Degradation

High Efficiency Module Degradation — from Atoms to Systems
D.C. Jordan, D.B. Sulas-Kern, S. Johnston, H.R. Moutinho, C. Xiao, C.S. Jiang, M. Young, A.G. Norman,
C. Deline, 1. Repins, R. Bhoopathy, O. Kunz, Z. Hameiri, C. Sainsbury

Correlation of Peel Forces to EVA Degree of Cross Linking and Accelerated Weathering
P. Schenk, M. Pander, U. Zeller, B. Jickel, M. Ebert

Oral PRESENTATIONS 4CO.1 Interconnections

Toward Shingling Interconnection with SHJ Solar Cells
C. Carriere, V. Barth, A. Bettinelli, S. Harrison, A. Derrier, L. Cerasti, M. Galiazzo

Investigation of Failure Modes, Mechanisms and Driving Forces for Electrically Conductive Adhesives as
Interconnects in PV Modules
N. Bosco, M. Springer

Thermomechanical Fatigue of Solder Joint and Interconnect Ribbon: A Comparison between Glass-Glass and
Glass-Foil Modules
D. Lindholm, G. Otnes, H. Fjeer, G. Cattaneo, H.-Y. Li, S.E. Foss

Identification of a Viable and Robust Process for BJ-BC Solar Cells Interconnection
T. Timofte, M. Pander, S. Grofser, A. Halm

Solderable PVD Al Back Contacts for the Module Integration of High-Efficiency c-Si Solar Cells
H. Nagel, S. Gledhill, T. Kroyer, D. Eberlein, A. Kraft, T. Fischer, A. Hain, P. Wohlfart, M. Glatthaar,
S.W. Glunz

Oral PRESENTATIONS 4CO.2 Bifacial PV Modules

Comprehensive Evaluation of IEC Measurement Procedures for Bifacial Solar Cells and Modules
M. Rauer, A. Schmid, F. Guo, F. Neuberger, P. Gebhardt, J. Hohl-Ebinger

Results of the Bifacial PV Cells and PV Modules Power Measurement Round Robin Activity of the PV-
Enerate Project

G. Koutsourakis, M. Rauer, A. Schmid, G. Bellenda, T.R. Betts, J.C. Blakesley, M. Bliss, J. Bonilla Castro,
K. Bothe, S. Dittmann, J. Lopez-Garcia, W. Herrmann, D. Hinken, R.P. Kenny, R.R. Molinero, D. Pavanello,
S. Riechelmann, H. Strdter, A. Vegas, S. Winter

Comparison of the Energy Yield of Vertical (E-W Orientation) and Tilted (Equator Facing) Bifacial PV
Module Arrays
J. Lopez-Garcia, R. Urraca, R.P. Kenny, T. Sample

AMPERE: Interconnection Technologies for High Reliable Bifacial Heterojunction Glass/Glass Photovoltaic
Modules

V. Barth, G. Cattaneo, A. Faes, H. Li, J. Levrat, A. Bettinelli, L. Sicot, A. Richter, F. Rametta, C. Colletti,

M. Izzi, M. Despeisse, C. Ballif

802

811

816

822

828

834

840

845

848

853

861

867

877

883

890



4C0.3.2

4C0.3.3

4C04.1

4C0.4.2

4C0.4.5

4D0.6.3

4D0O.7.1

4D0O.7.2

4D0O.7.3

4D0O.7.4

4D0O.7.6

4AV.13

4AV.14

4AV.1.5

4AV.1.6

4AV.18

Oral PRESENTATIONS 4C0O.3 Module Design and Qualification

Standardization Work of Non-Uniform Wind Loads Test on PV Module
S.-T. Hsu

Novel Accelerated Testing Methods for Faster Evaluation of PV Modules and Materials
A. Borne, K.R. Choudhury, W.J. Gambogi, K.-A. Weif}

Oral PRESENTATIONS 4C0.4 PV Module Characterization and Fault Detection

Eddy-Current Analysis Method for Non-Destructive Characterization of Electrical Contacts and Solder Joints
in PV Modules
L. Neumaier, W. Miihleisen, M. Lenzhofer, P. Malago, C. Hirschl

Development of Daylight Photoluminescence Technique for Photovoltaic Modules and Investigation of
Temperature Dependency
L. Koester, A. Astigarraga, S. Lindig, D. Moser

Fundamental Study on Open Fault Detection Technology of Bypass Circuit of PV Module with IR Camera
S. Nishikawa, N. Fujita, H. Kuroda

Oral PRESENTATIONS 4DO.6 Sustainability and Recycling

Remanufacturing End-of-Life Silicon Photovoltaics: Feasibility and Viability Analysis
R. Deng, N. Chang, M.M. Lunardi, P. Dias, J.I. Bilbao Bernales, J. Ji, C.M. Chong

Oral PRESENTATIONS 4DO.7 MPP-Tracking, Inverters, BOS

Quality Management Best Practice Guidelines
R. Gottschalg, B. Jickel

Micro-Inverters: An Update of Comparison of Conversion Efficiencies and Energy Yields
S. Krauter, J. Bendfeld

New Maximum Power Point Tracking MPPT Algorithm Based on Research of a Target Voltage Range and
Its Implementation in a Commercial Inverter for Photovoltaic Systems
A. Minuto, E. Celi, G. Timo, N. Panozzo

Selective Deployment of Power Optimizers: Effect of Shade on Performance and Hotspots in PV Modules
N.J.J. Dekker, M.J. Jansen, A.R. Burgers, M.S. Dorenkdmper, R. Jonkman, R. van der Ven, E. Gramsbergen

Aiming at Resolving Limitation of Indian Standard (IS): 2911-1-2 Regarding Calculation of Lateral Load
Capacity for Short Rigid Piles of Solar Module Mounting Structure
S. Chatterjee, S. Mukherjee

Visual PRESENTATIONS 4AV.1 Module Design Manufacture, Performance and Reliability (1)

Inorganic-Organic Hybrid Encapsulation of Flexible Cu(In,Ga)Se2 Mini-Modules
S.-T. Zhang, O. Salomon, R. Wiirz, M. Harnisch, A. Zimmermann, F. Kessler, T. Hildebrandt, N. Schneider

CdTe Module Degradation during Dry and Damp Accalerated Aging Tests in Respect to the Leakage Current
Pathway
L. Gerstenberg, P.K. Panda, S. Voswinckel, V. Wesselak

Single-Step Fabrication of a Photovoltaic Module Using Encapsulants with Low Melting Temperature Metal
Ribbons Embedded
D.-Y. Shin, J.-R. Lim, W.G. Shin, C.-G. Lee, G.-H. Kang

Delamination of c-Si Module Encapsulation: Insight into Causes and Long-Term Effects
A. Fairbrother, L. Gnocchi, A. Virtuani, C. Ballif

Encapsulant Selection for PID Resistant Modules Made with Heterojunction Solar Cells
O. Arriaga Arruti, L. Gnocchi, A. Virtuani, C. Ballif

894

900

904

908

914

919

931

935

939

945

952

955

960

967

970

974



4AV.1.11

4AV.1.19

4AV.1.20

4AV.1.21

4AV.1.23

4AV.1.24

4AV.1.26

4AV.1.27

4AV.1.29

4AV.1.30

4AV.1.33

4AV.1.35

4AV.1.36

4AV.1.37

4AV.1.38

4AV.1.40

4AV.1.41

4AV.1.47

4AV.1.49

4AV.1.52

4AV.2.1

Reliability Evaluation of Photovoltaic Modules through Artificial Corrosion Test
C. Lien, S.-T. Hsu, S.-H. Chen, S.-Y. Ting, K.-W. Lu, W.-L. Yang, M.-F. Lin, C.-F. Hsieh, T.-C. Wu

Encapsulation Polymer Screening via Ultra-Fast Aging under High Irradiance UV LED
N. Pinochet, J.-F. Leliévre, R. Couderc, A. Derrier

Studying the Impact of Infrared Spectrum on Submerged Amorphous, Mono-and Polycrystalline Solar Cells
P.K. Enaganti, P.K. Dwivedi, A.K. Srivastava, S. Goel

Monitoring the Moisture Ingress into PV Modules by Measuring Capacitive Characteristics
E. Fokuhl, H. Berg, S. Stecklum, D.E. Mansour, D. Philipp, P. Gebhardt

LeTID and PID Hardness of Silicon Heterojunction Modules
S. Dimachkie, R. Couderc, L. Sicot, A. Derrier, Y. Veschetti

Analysis of Field Aged PV Modules with PET Based Backsheets Regarding Their Mechanical Stability
J. Schnepf, P. Lechner, H. Wirth, S. Hummel, D. Geyer

Measuring the Contact Resistivity of ECA-Based Joints
M.I Devoto, T. Timofte, A. Halm, D. Tune

Correlation between EVA Degree of Crosslinking and Moisture Ingress into PV Laminates
D.E. Mansour, S. Mitterhofer, C. Herzog, E. Fokuhl, M. Jankovec, P. Gebhardt, D. Philipp

PV Backsheet Failure Analysis by Scanning Acoustic Microscopy
D.E. Mansour, S. Kotterer, D. Philipp, P. Gebhardt

Prediction of PID-s on the Basis of Accelerated Outdoor Module Testing and Weather Data
M. Rumiantcev, J. Schick, L. Erichsen, B. Jickel, C. Hagendorf, V. Naumann

PID Leakage Current Modelling by Application of Machine Learning Techniques
D. Stellbogen, P. Lechner, J. Schnepf, S. Hummel, H. Wiggenhauser, F. Sehnke

Characterization and Long Term Stability Analysis at Photovoltaic Modules with Shingled Cell Strings
S. Wendlandt, M. Gebrelul, S. Heller, P. Dorder, L. Podlowski

ATAMOSTEC Desert Label for PV Technologies
E. Urrejola, J. Tapia, M.-J. Riquelme, D. Muiioz, R. Kopecek, E. Fuentealba

Numerical Analysis on Cell Crack Initiation due to Thermomechanical Stresses
L. Papargyri, P. Papanastasiou, G.E. Georghiou

Sequential Module Testing: Results and Necessity Discussion
M. Pander, B. Jickel, U. Zeller, J. Frobel, M. Ebert

Detection of Solar Cell Cracks by Laser Line Induced Lateral Currents and Luminescence Imaging
G.A. dos Reis Benatto, A.A. Santamaria Lancia, T.K. Hass, P.B. Poulsen, S.V. Spataru

Reliability Study of Three Cell Architectures and the Degradation Induced by Moisture Ingress
S.C. Pop, M. Bora, R. Schulze, M. Rowell, D. Harwood

Backsheet Evaluation for Silicon Heterojunction Modules
A. Abramov, D. Andronikov, K. Emtsev, D. Orekhov, 1. Shakhray, E. Terukova, S. Yakoviev

Durability of Polyolefin Encapsulation Based Modules: A Cross-Comparison of Commercially Available
Solutions
B.X.J. Yu, R. Lv, J.-N. Jaubert, G. Xing, J. Dupuis, E. Lajoie-Mazenc, C. Dugué, G. Goaer

Performance Degradation Research of PV Module Installed in Different Climate Area

M.-W. Chen, C.-H. Lin, B.-C. Kuo, C.-Y. Gao

Visual PRESENTATIONS 4AV.2 Module Design Manufacture, Performance and Reliability (11)
Evaluation Method of PV Module Degraded by Shunt Resistance Decrease Using I-V Curve Measured in

Exposure
T. Kohno, E. Bayu Miftahullatif, M. Fujimori, Y. Nagayama, T. Nakamura, K. Kondo, K. Banba, N. Fujii

978

981

985

989

994

997

1001

1009

1014

1019

1024

1027

1033

1038

1047

1053

1058

1062

1065

1068

1072



4AV.2.2

4AV.2.3

4AV.2.4

4AV.2.6

4AV.2.7

4AV.2.8

4AV.2.13

4AV.2.14

4AV.2.16

4AV.2.18

4AV.2.19

4AV.2.25

4AV.2.31

4AV.2.32

4AV.2.36

4AV.2.40

4AV.2.48

4AV.2.50

4AV.2.52

Operation and Evaluation of a Bifacial PV Module Test Setup
W. Miihleisen, L. Neumaier, J. Loschnig, A.R. Burgers, E.E. Bende, S. Zamini, J. Kosel, C. Hirschl

Improving Computational Efficiency of Mechanical Finite Element Method Simulations for PV Modules
N. Bosco, X. He, M. Springer

Post Mortem Analysis of Bifacial PV Modules Based on n-Type Crystalline-Si Cells Using Three Different
Types of Encapsulants
P.M. Sommeling, J. Liu, J.M. Kroon

Reduction of ECA Amount for the Ribbon Interconnection of Heterojunction Solar Cells
C. Kaiser, V. Nikitina, T. Geipel, A. Kraft

Trend Tracking of Efficiency and CTM Ratio of PV Modules
A. Tummalieh, A. Pfreundt, M. Mittag

Enhancing PV Module Thermomechanical Performance and Reliability by an Innovative Mounting Solution
A.J. Beinert, A. Masolin

The Bypass-Diode — A Weakness in Today's PV Systems
D. Gfeller, R. Neukomm, U. Muntwyler

Glass-Free Lightweight Solar Modules for Integrated Photovoltaics: the Use of Velcro as an Alternative
Mounting System
F. Lisco, A.C. Oliveira Martins, A. Virtuani, C. Ballif

Seasonal Performance Assessment of Various PV Technologies in a Desert Climate through Device
Simulations and Outdoor Measurements

T. Katsaounis, K. Kotsovos, I. Gereige, A. Basaheeh, M. Abdullah, A. Khayat, E. Al Habshi, A. Al-Saggaf,
A. Tzavaras

Environmental Stability of the Semi-Flexible HJT Solar Panels
S. Yakovlev, E. Schebet, K. Emtsev, D. Andronikov, A. Abramov, D. Orekhov, I. Shakhray

1-V Translation Procedure for Higher Accuracy and Compliance with PERC Cell Technology Requirements
C. Monokroussos, H. Miillejans, Q. Gao, W. Herrmann

Apollo Large-Area Steady-State Solar Simulator as a Versatile Tool for PV Device Performance
Measurements

H. Miillejans, E. Salis, D. Pavanello, G. Bardizza, J. Lopez-Garcia, W. Zaaiman, D. Shaw, T. Sample,
E.D. Dunlop

Method for Evaluating the Severity of Solar Cell Cracks in Electroluminescence Images
S.V. Spataru, G.A. dos Reis Benatto, T.K. Hass, A.A. Santamaria Lancia, P.B. Poulsen, S. Thorsteinsson

Characterisation of Angular Dependent Optical Properties of Different Coloring Technologies Employed in
BIPV Products
M. Babin, A.A. Santamaria Lancia, A. Thorseth, S. Thorsteinsson

Comparison of Double Glass and Glass/Backsheet Bifacial Module Designs
W.J. Gambogi, M. Demko, B.-L. Yu, S. MacMaster, S. Kurian, A. Borne, H. Hu, Y. Hu, Z. Pan,
K.R. Choudhury

Module Design and Yield Evaluation of Indoor and Outdoor Measurements for Bifacial Modules
D. Dapler, S. Malik, S. Schindler, M. Ebert, D. Berrian, J. Libal, A. Karsenti, N. Eisenberg

Bifacial Modules for Large Scale PV Plants: Lessons Learned and Current Limitations from a
Factory/Manufacturing Inspection Outlook

R.J. Gomez, E. Jiménez, D. Sanz, C. Sandoval, J. Cuaresma, J.C. Vazquez, S. Rodriguez-Conde, H. Silva,
V. Parra

Performance Analysis of Polycrystalline Module Based on Faults Causes
L. Feng, F.U. Hamelmann, J. Zhang, K. Ding, S. Hempelmann, M. Diehl, T. Pfeil, S. Brandt, W. Friedrich,
N. Amin

CFD Study of Hybrid Solar Panels with PCM
D. Gonzalez-Peiia, A. Garcia-Rodriguez, D. Granados-Lopez, M 1. Dieste-Velasco, C. Alonso-Tristan

1076

1079

1082

1086

1091

1096

1100

1108

1112

1117

1120

1126

1130

1136

1143

1148

1155

1159

1163



4AV.2.53 Determination of a PV Module Power Matrix with an LED Solar Simulator
S. Riechelmann, H. Strdter, S. Winter

Visual PRESENTATIONS 4AV.3 Inverters, Micro-Inverters and BOS Components / Sustainability
and Circular Economy

4AV.3.2  Study, Design and Implementation of a MPPT Based on FPGA Open Source
U. Sainz Estébanez, N. Azkona

4AV.3.4  Accurate Determination of Micro-Inverter Performance Using Electrically Biased PV Modules
J.D. Moschner, J. Tant, A. Wabbes, S. Scheerlinck, J. Driesen

4AV.3.6  Elevated Temperatures Affecting Efficiency, Overall Performance and Energy Yield of PV Microinverters
S. Krauter, J. Bendfeld

4AV.3.7  Optimal Design of Series-Parallel Differential Power Processing Converters for Photovoltaic Array Energy
Systems
M. Etarhouni, B. Chong, L. Zhang

4AV.3.8  Module-Level Power Electronics under Indoor Performance Tests
C. Allenspach, V. Gonzalez de Echavarri Castro, S. Richter, C. Meier, F. Carigiet, F.P. Baumgartner

4AV.3.10 Thermal Impact of Grid Injection Limits on Inverter Operation
J. Despeghel, S. Ravyts, J. Driesen

4AV.3.13 The Impact of Tracker Structure on Bifacial PV Performance
F. Gross, M.R. Luengo, L. Hennings, W. Landman, M. Balz

4AV.3.24 Need for Legal Compliance for Safe Solar Energy Waste Disposal
J.N. Malaviya

PV Systems and Storage — Modelling, Design, Operation and Performance
Plenary SESSION 5CP.1 Innovations for PV Industry and Deployment

5CP.1.5  Performance of New Photovoltaic System Designs IEA PVPS Task 13 Subtask 1.3
M. Littwin, F.P. Baumgartner, C. Biba, R.H. French, D. Gfeller, M. Green, C. Messner, U. Muntwyler,
D. Riley, D. Rivola, T. Schott, J.S. Stein, M. Trommsdorff, W.G.J.H.M. van Sark, M. Kéntges, T. Ohrdes,
R. Brendel

5CP.1.6  Augmented Reality Supporting the Planning Processes in PV Plants
F.P. Baumgartner, F. Carigiet, P. Staiger, B. Bachmann, F. Gundelsweiler
Oral PRESENTATIONS 5BO0.6 Solar Radiation Modelling and Instrumentation

5B0.6.4  Imputation of Missing Values in Irradiance Datasets
A. Louwen, S. Lindig, D. Moser

5B0.6.5  The Impact of Albedo Measurements on Power Density Calculations of Bifacial Modules
E. Grommes, U. Blieske, J. Miiller-Ost

5B0.6.6  Simulation and Validation of Bifacial Irradiance Sensor Mounting Position
M. Korevaar, P. Babal, S. Franken, A. Amarnath, S. van Nieuwkerk, T. Bergmans, K.M. Wilson, J. Mes
Oral PRESENTATIONS 5BO.7 Forecasting Solar Radiation and PV Power

5B0O.7.1  Cross-Location Solar Irradiance Nowcasting by Metadata-Augmented CNN-LSTM Neural Networks from
Satellite Images

K.-Y. Lee, H.-F. Huang, W.H. Hsu, W.-C. Chen

5B0O.7.2  Probabilistic Forecast of All-Sky Solar Radiation Using Enhanced WRF-Solar
J.-H. Kim, P.A. Jimenez, J. Dudhia, J. Yang, M. Sengupta, Y. Xie

1168

1171

1175

1179

1181

1188

1195

1199

1204

1208

1221

1224

1228

1233

1237

1247



5BO.7.4

5B0.7.5

5B0.15.1

5B0.15.2

5B0.15.3

5B0.15.4

5B0.15.5

5C0.9.2

5C0.9.3

5C0.9.4

5C0.9.5

5C0.10.2

5CO0.10.3

5CO0.10.4

5C0.10.5

5D0.1.3

Minute Resolution Measurement Network for Global Horizontal and Tilted Solar Irradiance for a
Transmission System Control Area in Southern Germany

E. Lorenz, N. Holland, A. Dittmann, W. Herzberg, S. Karalus, W. Heydenreich, C. Braun, P. Guthke,
A. Semmig

Hybrid Modelling of PV Power Generation for Enhanced Forecasting
S. Theocharides, G. Makrides, M. Theristis, M. Kynigos, G.E. Georghiou

Oral PRESENTATIONS 5B0.15 Concentrators and PV for Space Applications

ALFAMA Project: Development of a Flexible and Laminated Space Photovoltaic Array
T. Guerin, R. Cariou, S. Noél, V. Khorenko, C. Jamin, Y. Roujol, P. Voarino, F. Chabuel

Benchmark and Irradiation Tests of Terrestrial Solar Cells for Low Cost Space Solar Array
S. Duzellier, R. Cariou, T. Nuns, P. Voarino, F. Chabuel, C. Aicardi

Optics Development and Demonstration of Line-Focus Space Concentrator Prototype Using 111-V/Si Cells
A. Bermudez-Garcia, P. Voarino, F. Chabuel, O. Raccurt

Understanding the Reverse Behaviour of Multijunction Solar Cells
J.R. Gonzalez, P. Martin, I. Rey-Stolle, C. Baur, E. Ferndndez Lisbona

Development of an External Quantum Efficiency Method to Characterize Solar Cells with a Micro Spot:
Applied to Micro-Concentrated Systems
P. Voarino, A. Bermudez-Garcia, A. Chehade, R. Couderc

Oral PRESENTATIONS 5C0.9 Systems Design Using Bifacial Modules

Optimizing the Utilization of Reflective Materials for Bifacial PV Plants
O.L. Rhazi, M. Chiodetti, J. Dupuis, S. Benyakhlef, K. Radouane, P. Dupeyrat

Effective Spectral Albedo from Satellite Data for Bifacial Gain Calculations of PV Systems
J.C. Blakesley, G. Koutsourakis, S. Douglas, J.K.L. Holder, J. Torry, F.A. Mukadam, A. Schmid,
R.S.J. Abrams

Testbed Validation of Bifacial Performance Modelling Methodology Using Ray-Tracing Methods
K. Phetdee, V. Vorasitchai, M. Donaldson-Balan, 1. Stylianou, P. Dagres, S. Velez, K. Larchet

Design Optimization of Bifacial Module PV Power Plants Based on Simulations and Measurements
M. Guari Borrull, A. Scherl, T. Kampschulte

Oral PRESENTATIONS 5C0.10 System Modelling for Sizing and Performance

Simulation of Large PV Plants Using a Continuous Radiance Distribution Model and Cell-Resolution
Mismatch Calculation
M. Herrerias Azcué, H. Capdevila, H. Zhou, A. Hammer

Benchmarking Yield Assessment Exercise in Different Climates within an International Collaboration
Framework

D. Moser, S. Lindig, M. Herz, B. Miiller, I. Horvath, A. Schils, S. Ramesh, M. Green, J. Vedde, D. Barnard,
B. Herteleer, J.A. Tsanakas, J. Ascencio-Visquez, M. Richter

Large-Scale Bifacial PV Test Field Performance Compared to Simulations Using Commercially Available
Software, Research-Based and Open Source Tools

N. Riedel-Lyngskcer, D. Berrian, D. Alvarez Mira, A.A. Protti, S. Thorsteinsson, P.B. Poulsen, J. Libal,

J. Vedde

AHP-GIS Suitable Sites Identification for Large-Scale PV Installations: a Case Study in Marrakesh-Safi
Region

F.-Z. Ouchani, O. Jbaihi, M. Maaroufi, A. Ghennioui

Oral PRESENTATIONS 5DO.1 Soiling

Iterative and Self-Consistent Estimation of Degradation and Soiling Loss in PV Systems - a Case Study
A. Skomedal, M.G. Deceglie, H. Haug, E.S. Marstein

1250

1256

1261

1264

1269

1275

1281

1286

1292

1298

1305

1311

1317

1324

1330

1339



5D0.2.2

5D0.2.4

5D0.2.6

5D0.3.1

5D0.3.2

5D0.3.3

5D0.3.5

5D0.3.6

5D0.4.2

5D0.4.3

5D0.4.4

5D0.4.5

5D0.5.2

5D0.5.3

5D0.5.4

Oral PRESENTATIONS 5D0.2 Performance Assessment

Comparative Analysis of Module Temperature Measurements and Estimation Methods for Various Climate
Zones across the Globe

A.K. Vidal de Oliveira, M. Braga, L. Burnham, S. Dittmann, R. Gottschalg, T.R. Betts, C.D. Rodriguez-
Gallegos, T. Reindl, S.-Y. Oh, R. Riither

Guidelines for Ensuring Data Quality for Photovoltaic System Performance Assessment and Monitoring
A. Livera, M. Theristis, E. Koumpli, G. Makrides, J.S. Stein, G.E. Georghiou

Evaluation of Provisional Acceptance Testing Procedures for Commercial PV Plants
S. Mau, A. Sharpe, C. Campistron, F. Canto Teixeira, N. Chouleur

Oral PRESENTATIONS 5D0.3 O&M and Failure Analysis

The Influence of Thermal Signatures Observed with Infrared Thermography on Power Production in a Utility
Scale Power Plant
B.L. Aarseth, A. Skomedal, M.B. Ogaard, E.S. Marstein

Predicting Module 1-V Curves from Electroluminescence Images with Deep Learning
S. Rodrigues, C. Buerhop-Lutz, B. Doll, J. Hauch, C.J. Brabec, .M. Peters

Contactless Outdoor Photoluminescence of Silicon Photovoltaic Modules with Large Area Excitation Source
B. Doll, J. Hepp, M. Hoffmann, O. Stroyuk, A. Vetter, M. Hemsendorf, D. Tegtmeyer, F. Talkenberg,
M. Menz, M. Baier, R. Schiiler, L. Liier, C. Camus, C. Buerhop-Lutz, J. Hauch, I. M. Peters, C.J. Brabec

Autonomous Monitoring and Analysis of PV Systems by Unmanned Aerial Vehicles, Internet of Things and
Big Data Analytics
M. Aghaei, A. Eskandari, A.HM.E. Reinders

PV4.0: Combining Asset Management, PV Measurement Data and the Cost Priority Number Method in a
Digital Infrastructure for PV Plant O&M
A. Louwen, L. Koester, S. Lindig, A. Astigarraga, D. Moser

Oral PRESENTATIONS 5DO.4 Fault Detection

Anomaly Detection at Inverter Level via Machine Learning Algorithms under the Absence of O&M
Logbooks
A.P. Talayero, N.Y. Yiiriisen, A. Llombart Estopinan, J.J. Melero Estela

Advanced Fault Detection and Diagnosis with Al Techniques
M. Chang, J.-L. Li, K.H. Chen, Y.-S. Chen, L. Wang

Early Detection of Potential Induced Degradation in the Field: Testing a New Methodology on Silicon PV
Modules
M. Florides, G. Makrides, G.E. Georghiou

Early Casualties in Five PV Plants in France: A Sustainability Perspective on Complete PV Fault Diagnostics
for Revamping
J.A. Tsanakas, D.-L. Ha, F. Al-Shakarchi

Oral PRESENTATIONS 5DO0.5 Performance and Yield Investigations

Challenges Associated with Inconsistent Photovoltaic Degradation Rate Estimations
M. Theristis, J. Ascencio-Vasquez, B.H. King, M. Topic, J.S. Stein

28 Years of Operational Data for a Utility Scale 103 kWp PV Plant (1989-2017) Analysis of Degradation of
PV Modules, Inverters and System Performance with Technical and Economical Comparison to the
Repowered 260 kWp PV Plant (2017-2019)

T. Nordmann, T. Vontobel

Performance of Rooftop PV Systems in Selected European Countries from 2012 to 2019
J. Schardt, H. te Heesen

1345

1352

1357

1360

1364

1370

1374

1378

1381

1388

1392

1396

1401

1405

1409



5D0.5.5

5E0.2.1

5E0.2.2

5EO.2.3

5E0.2.5

5BV.3.2

5BV.3.3

5BV.3.4

5BV.3.5

5BV.3.8

5BV.3.10

5BV.3.12

5BV.3.18

5BV.3.19

5BV.3.24

5BV.3.26

5BV.3.27

5CV.3.2

On the Impact of a Solar Eclipse across 100 PV Systems in India and Southeast Asia
A.M. Nobre, S. Pranav, R.S. Baker, S. Karthik, A. Agarwal, R. Malhotra, A. Khor

Oral PRESENTATIONS 5EO.2 Energy Storage

Vanadium Redox Flow Battery Modelling and PV Self-Consumption Management Strategy Optimization

A.C. Neves Foles, L.A. Fialho, M.P.I. Collares-Pereira, P.A. dos Santos Ribeiro Horta

Temporal Complementarity between Wind and Solar Generation and the Role of Storage for Hybrid Plants

R.A. Campos, L.R. do Nascimento, R. Riither

Increased PV Utilisation from DC Distribution: Quantification of Geographical Location Impact
P. Ollas, T. Thiringer, H. Chen, C. Markusson

Influence of PV and Battery Degradation on Residential Solar Panel Systems
O. Alavi, W. De Ceuninck, M. Meuris, M. Daenen
Visual PRESENTATIONS 5BV.3 Solar Resource and Forecasting

Solar Power Forecast Using Satellite Pictures
J. Esteves, N. Pinho da Silva, R. Pestana, Y. Cao

Silicon Sensors vs. Pyranometers — Review of Deviations and Conversion of Measured Values
M.J. Rivera Aguilar, C. Reise

Field Trial of Meteorological Station Using PV Reference Cells
M. Gostein, B. Stueve, R. Clark, P. Keelin, M. Grammatico, M. Reusser

Modeling Tool Validation for the Yield Prediction of Bifacial East West Vertical PV System in Nordic
Conditions
S. Ranta, H. Huerta, O. Huhtala, A. Heinonen, J.S. Stein

Meteonorm Version 8
J. Remund, S.C. Miiller, M. Schmutz, P. Graf

Analysis of Hourly Solar Irradiance Prediction Based on Meteorological Radiation Model Using Open
Weather Data and Measured Solar Radiation
J. Han, W.-K. Park

Development of PV-Forecasting Methods: Evaluation, Applications and Economic Potentials
L. Gaisberger, S. Moser, V. Rodin

Evaluation of an Intra-Day Forecast Algorithm for a Rooftop PV Installation Using a Clear-Sky Index
J. Lehmann, B. Haut, S. Scheerlinck

Towards Optimising the Albedo Measurement

S. Suarez, I. Fernandez, D. Morgado, G.A. Navas, J.M. Rivas, L.E. Pérez Abreu, F. Alvarez, A. Andreés,

H. Silva, S. Rodriguez-Conde

Real-Time Global Coverage of Satellite Based Irradiation Data — Benchmark and Applications
M. Schmutz, S. Miiller, J. Remund

Comparing and Combining Machine Learning and Numerical Weather Prediction Models for Solar
Forecasting
G. Scabbia, A. Sanfilippo, C. Fountoukis, D. Perez-Astudillo, D. Bachour

Evaluation of the PV Resource Dataset in Central and North America

Y. Xie, M. Sengupta

Visual PRESENTATIONS 5CV.3 Operation, Performance and Maintenance of PV Systems
25-kW Grid-Tie Solar System for the Engineering S-Building at Vaal University of Technology in

Vanderbijlpark, South Africa
J. Bekker, M. Viljoen
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Experimental Study of the Behaviour of the Global MPP of Partially Shaded PV Strings
K. Lappalainen, S. Valkealahti

Fitting Procedure for PV Panel Measured Current-Voltage Characteristics
H. Kalliojdrvi-Viljakainen, K. Lappalainen, S. Valkealahti

PV-Module’s Backsheet Compositions Affecting PV-System’s Yield and Degradation
C. Buerhop-Lutz, T. Pickel, T. Winkler, O. Stroyuk, C. Camus, M. Neswal, M. Heindl, I. M. Peters, J. Hauch

PV Infrastructure 1993+ and New Test Facilities for Education and Research
U. Muntwyler, D. Zurfliih, E. Schiipbach

PV-AIDED: Photovoltaic Artificial Intelligence Defect Identification. Multichannel Encoder-decoder
Ensemble Models for Electroluminescence Images of Thin-film Photovoltaic Modules, PEARL TF-PV.
E. Sovetkin, B.E. Pieters, T. Weber, E.J. Achterberg, A. Weeber, B. Rau, M. Rennhofer, M. Theelen, A. Martin

PV String Fault Detection by Using the Clustering of Module Operating Points for Large-Scale PV Power
Plant
K. Tanina, Y. Ueda

Can Robotics in PV Plant Maintenance Develop Quickly Enough for the SET Roadmap?
F. Popescu, S. Wendlandt

Statistical Evaluation Approach of PV Plants for O&M
V. Dimitrievska, W. Miihleisen, F. Pittino, N. Diewald, M. Makula, J. Kosel, C. Hirschl

Quantitative Assessment of the Power Loss of Silicon PV Modules by IR Thermography and Its Practical
Application in the Field
J. Denz, C. Buerhop-Lutz, C. Camus, I. Kruse, T. Pickel, B. Doll, J. Hauch, C.J. Brabec

Integrated Concept for PV Plant Monitoring and Model Based Analytics
C. Gradwohl, M. Graefe, W. Miihleisen, T. Kienberger, F. Langmayr

The Need for an Accuracy Check of Irradiation Sensors for Photovoltaic Power Plants
W. Miihleisen, L. Neumaier, F. Taverna, M. Makula, B. Streit, M. Graefe, C. Gradwohl, J. Kosel, C. Hirschl

Assessment of Photovoltaic Power Plants Using Fixed Tilt, Single Axis and Two Axis Tracking Systems
P.H. Alves Verissimo, R. Riither

PV System Degradation Rates in the Nordics
E.B. Sveen, M.B. Ogaard, J.H. Selj, G. Otnes

Climate Related Dependence of Performance Losses of over (3,500) PV Systems
S. Lindig, J. Ascencio-Vasquez, J. Leloux, D. Moser, M. Topic

Computer Vision Method for Extracting an Induced Electroluminescence Signal from Photovoltaic Modules
in Daylight Conditions Using Drone-Captured Images
T.K. Hass, S.V. Spataru, A.A. Santamaria Lancia, H.R. Parikh, P.B. Poulsen, G.A. dos Reis Benatto

Analysis of Brazilian Power Plants Common Faults
A.K. Vidal de Oliveira, A. Medeiros Pires, M. Braga, M. Aghaei, R. Riither

Development of Predictive Maintenance Algorithms for Photovoltaic Systems Using Synthetic Datasets
E.A. Sarquis Filho, F.C. Santos, P.J. Costa Branco

Failure Rates in Photovoltaic Systems: A Careful Selection of Quantitative Data Available in the Literature
E.A. Sarquis Filho, A.A. Zuniga, J.F. Pereira Fernandes, P.J. Costa Branco

Thermal Infrared Imaging of Polycrystalline Silicon Photovoltaic Modules Under Changing Soiling
Conditions
M. Vumbugwa, J.L. Crozier McCleland, E.E. van Dyk, F.J. Vorster

Analysis of the Performance of the I-V Curve Correction Methods in the Presence of Defects
B. Li, A. Migan-Dubois, C. Delpha, D. Diallo
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Visual PRESENTATIONS 5CV.4 PV System Design and Modeling / Energy Storage / Concentrators
and PV for Space Applications

Economic Optimization of PV Systems with Storage
A. Mermoud, A. Villoz, B. Wittmer, H. Apaydin

Optimisation of DC/AC Ratio in Different Climatic Zones: A Technical Analysis on a Sub-Hourly Level
1. Meyer, A. Salles, J. Tellez Mejia, V. Vorasitchai, S. Chitiva Bocanegra, N. Cherdsanguan

Repercussions of Interannual Variability in Irradiance on Sizing PV for Autonomous Renewable Energy
Systems
H.G. Beyer

Validation of the Solarfarmer Software with Operational Data
A. Neubert, M.A. Mikofski, M. Hamer, P. Rainey

Design Considerations for Photovoltaic Systems Deployed in Snowy Climates
L. Burnham, D. Riley, J. Braid

Studies on Optimizing the Orientation of Fixed-Tilt Bifacial Modules and Its Impact on Energy Generation
P. Maheshwari, S. Patel, A. Mahajan, V.A. Chaudhari

Comparison of Different Data Sources for Machine Learning Algorithms in Photovoltaic Output Power
Estimation
P. Graniero, A. Louwen, R. Schlatmann, C. Ulbrich

Soiling Loss in PV Roofs of Residential Urban Areas in Madrid Region
N. Martin Chivelet, J. Polo, C. Sanz, M. Alonso-Abella

Techno-Economic Analysis of Battery Energy Storage System in Grid-Connected Photovoltaic (PV) System

J.Z. Tee, ZW. Tham, L.H.I. Lim, J. Yang, O. Anaya-Lara

Analysis and Optimization of the Battery Operation in Photovoltaic Systems
M. Andam, J. El Alami, Y. Louartassi

Performance Evaluation of Hydrogen Storage and Fuel Cell in EMS for PV Powered Factory
Y. Ogawa, Y. Ueda, M. Sugiyama, F. Aono

Storage CHP - Combined Heat and Power Systems for Decentralised Long Term Electricity Storage with
Hydrogen
P. Grunow

A Mobile PV Fluxmeter for the Optical Characterization of Parabolic Trough Concentrating Solar Power
Plants
A. Moretti, A. Parretta, M. Izzi, M. Tucci

Optimal Design of a Two-Stage Micro Concentrator for Photovoltaic
S. El Ayane, S. El Himer, S. El Yahyaoui, A. Ahaitouf

PV Applications and Integration
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Oral PRESENTATIONS 6CO.11 System Integration

Electrotechnical Spatial Representation of Distribution Grid Hosting Capacity for Photovoltaic Roof-Top
Installations Using an Open-Source Tool
V. Krakowski, M. Joos, N. Lebert, E. Goy, P. Séverin, P.-E. Raoult, T. Irigoin

Data Analysis and Modelling of PV — Heat Pump Systems for Residential Energy Scenarios in the
Netherlands
C. Gergek, A.HM.E. Reinders

The Setting-Up of a Large Collective Self-Consumption Project in Lyon, France
B. Gaiddon, M. Valentin, E. Vignali, A. Manelli, F. Marcos, A. Choffez, F. Hubler

Characteristics of Day-Ahead Residual Demand, PV Power and Demand Forecasts in a Scenario of Large
Penetration of PV
J. Gari da Silva Fonseca Jr., Y. Udagawa, T. Oozeki, K. Ogimoto
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Oral PRESENTATIONS 6D0.11 Vehicles and Infrastructures

Potential and Challenges of Vehicle Integrated Photovoltaics for Passenger Cars
M. Heinrich, C. Kutter, F. Basler, M. Mittag, L.E. Alanis, D. Eberlein, A. Schmid, C. Reise, T. Kroyer,
D.H. Neuhaus, H. Wirth

Vehicle Integrated Photovoltaics - Evaluation of the Energy Yield Potential through Monitoring and
Modelling
A.J. Carr, E. van den Tillaart, A.R. Burgers, T. Kéhler, B.K. Newman

Improving the Reliability of a Solar Road PV Module
M. Vite, A. Boulanger, D.R. Heslinga, R. De Bettignies, J. Gaume, F. Chabuel, E. Coquelle, J. Clatot,
D. Rodriguez Gil

Integrated Lightweight, Glass-Free PV Module Technology for Box Bodies of Commercial Trucks
C. Kutter, F. Basler, L.E. Alanis, J. Markert, M. Heinrich, D.H. Neuhaus

Oral PRESENTATIONS 6DO0.12 Building Envenlope / Design, Customisation and Standardisation

IEC61853-Matrix Analysis of PVPS Task 15 BIPV Round-Robin for More Than One Year at Seven Test
Sites over the World

R.M.E. Valckenborg, L. Gaisberger, K.A. Berger, G. Ujvdri, G.C. Eder, P. lllich, C.S. Polo Lopez,

S. Boddaert, M. Del Buono, N. Martin Chivelet, A. Sanz Martinez, J.T. Kim

Performance Assessment of BIPV Systems: Research on BIPV Characterization Methods
P. Bonomo, F. Parolini, F. Frontini, M. Caccivio, G. Bellenda, J.M. Vega de Seoane, D. Valencia,
S. Boddaert

Customization of Photovoltaic Modules' Appearance by Colored Textiles (COTEX)
T. Gewohn, M.R. Vogt, B. Lim, C. Schinke, R. Brendel

Simulating Interior Radiant Energy for the Design and Prototyping of an Indoor Solar PV Lamp
M. Verkou, H. Ziar, O. Isabella, M. Zeman
Oral PRESENTATIONS 6DO0.13 Building Envelope / Design, Simulation and Performance

BIM - A Driver for Cost Reduction within the BIPV Industry
P. Alamy, E. Saretta, P. Bonomo, J. Adami, S. Pierret, D. Valencia, P. Alonso

Artificial Intelligence Applied to the Thermal Characterization of Building Integrated Photovoltaic
Technologies
L. Serrano-Lujan, C.A. Toledo Arias, J.M. Colmenar, J. Abad, A. Urbina

Outdoor Operating Temperature of Modules in BIPV and BAPV Topologies
A. Fairbrother, A. Virtuani, C. Ballif

Applying Wireless Power Transfer for Curtain Wall BIPV Elements
S. De Meyere, S. Ravyts, J. Driesen, B. Minnaert
Oral PRESENTATIONS 6DO0.14 AgroPV and EcoPV

Techno-economic study of agrovoltaic systems focusing on orchard crops
B. Willockx, B. Herteleer, J. Cappelle

Improved Healthy Growth of Basil Seedlings under LSC Filtered lllumination
P. Bernardoni, D. Vincenzi, G. Mangherini, M. Boschetti, A. Andreoli, M. Gjestila, C. Sama, L. Gila,
S. Palmery, M. Tonezzer, P. Decarli

Oral PRESENTATIONS 6DO.15 Floating Photovoltaics

Floating Photovoltaics — On-Site Measurements in Temperate Climate and Lake Influence on Module
Behavior
B. Amiot, M. Chiodetti, R. Le Berre, K. Radouane, D. Boublil, P. Dupeyrat, K. Vermeyen, S. Giroux-Julien
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Oral PRESENTATIONS 6EO.1 Industrial Applications and Electric Mobility

Designing Innovative Solutions for PV-Powered Electric Mobility Applications
A. Sierra, A HM.E. Reinders

VIPV: Process Development of Integrated Photovoltaic Cells in a Double-Curved Composite Structure for
Automotive Application

T. Duigou, V. Boichon, X. Brancaz, F. Chabuel, P. Francescato, J. Gaume, G. Habchi, M. Lagache, P. Saffre,

L. Tenchine

PHOTOPUR — PV Powered Process Automation of an AOP Based Water Decontamination
J.S. da Costa Fernandes, P. Garcia-Murioz, G. Sarigul, D. Robert, N. Keller, M. Schmidt, E. Bollin

Visual PRESENTATIONS 6BV.5 Industrial Applications / PV Driven Energy Management and
System Integration

Optimising Own PV Consumption with PV Energy Yield Predictions from Machine Learning Algorithms and
Weather Data
H. Heck, A. Schmidt, E. Schiipbach, F. Kuonen, S. Bacha, U. Muntwyler

Assessment of the Benefits of Adding PV Generation into Existing Wind Power Plants
A.R. Arrifano Manito, M. Pinho Almeida, M. Cassares, K.J.F. Novaes Candido de Souza, G. Figueiredo,
J. Romel, P. Ferreira Torres, R. Zilles

Electric Grid Planning for a Net-Zero-City with Massive PV Production
N. Pflugradt, U. Muntwyler

Solar PV Driven Child Mortality Alleviation in the Global South
M. Ray, B. Chakraborty

Triggering Demand-Side-Management: Correlation of Electricity Prices, Share of Renewables, CO2-
Contents, and Grid-Frequency in the German Electricity Grid
S. Krauter, L. Zhang

Reduction of Required Storage Capacities for a 100% Renewable Energy Supply in Germany, if New PV
Systems are Installed With East-West Tracking Systems at Increased Elevation Angles
S. Krauter, D. Rustemovic, A. Khatibi

Machine Learning Driven Optimization of a Hybrid Electrical and Thermal System
M. Dallapiccola, F. Trentin, G. Barchi, C. Dipasquale, R. Fedrizzi, D. Moser

The Potential of PV Module Tilt and Technology for Tuning Daily Energy Yield across the Year
J. Govaerts, I.T. Horvath, P. Manganiello, J. Poortmans

Optimization of a 4.6-kW Residential Hybrid Solar Photovoltaic (PV) System - A Case Study
M. Viljoen, J. Bekker

Convolutional Neural Networks Applied to Sky Images for Short-Term Solar Irradiance Forecasting
Q. Paletta, J. Lasenby

First Steps towards Energy-Positive Territorial Collectivites in the French Overseas Departments: Optimal
Mix of Electric Mobility, Photovoltaics and Energy Storage in Reunion Island
A. Guérin de Montgareuil, 1. Ingar

Agents-Based Modeling for a Transactive Energy Trading Blockchain Framework
A. Boumaiza, M. Sajjad, A. Sanfilippo

Energy Model for a Rural Region in Germany - Methodology
M.-C. Leonhard, H. te Heesen

Power Electronics System Topologies Recommender for PV/Battery Project Applications
B. Bourachd, M. Salhi

Leveraging Electric Load Data and Grid Features to Design High-PV Penetration in Rural and Urban Settings
in Portugal
G. Luz, R. Amaro e Silva
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Residential PV Self-Consumption: Real Savings in a Spanish Household
H.-J. Rodriguez San Segundo, N. Lopez

Experimental Analysis of a Photovoltaic DHW Heat Pump
F.J. Aguilar Valero, P.V. Quiles

Solar Charging Electric Vehicles: Analysing the Charging Efficacy of an Off-Grid, Solar Powered Electric
Vehicle Charging System in Long Stay Parking Applications
E. Heath, R. Ghotge, A.J.M. van Wijk

Visual PRESENTATIONS 6CV.2 Integration of Photovoltaic in Buildings, Vehicle, Infrastructure and
Landscape

Solar-Fagade (OPV) as Corporate Design - Students Design Concepts for the ZAE Building in Erlangen
R. Krippner, F. Flade

PV Energy Yield Measurements of Electric Vehicle and Electric Vehicle Charging Station
U. Muntwyler, D. Zurfliih, E. Schiipbach

Wind and Wave Effect on Floating Solar Panel
S.-T. Hsu, K.-C. Su

System Design and Economic Configuration of Building Integrated Photovoltaic
Z. Ni, J. Jiang, X. Cai, L. Hu, G. Shi, H. Cao, W. Lu, Z. Wu

Summary of PV Systems Implemented within SMARTER TOGETHER, an EU-Funded Smart City Project
B. Gaiddon, F. Gongalves, V. Cerna, M. Valentin, E. Vignali, V. Stoppel, B. Klassen, S. Hartmann,
L. Schneider

Cleanvelope — PV and Building Greening Students Design Concepts of Refurbishment in Nuremburg
R. Krippner, F. Flade

Weather Data Influence on a Photovoltaic Driven Heat Pump System for Net-Zero Energy Multi-Family
Buildings
J. Schmidli, D. Carbonell, M. Haller, C. Biba

Integration of Solar Energy Systems for Increased Societal Support
A.H.M.E. Reinders, S. Lavrijssen, W. Folkerts, B. Van Mierlo, L. Franco-Garcia, R. Loonen, H. Cornelissen,
S. Stremke, W.G.J.H.M. van Sark, E. Alarcon-Llado, A. Polman, A.W. Weeber

Outdoor Testing Facility for an Experimental Validation of Yield Predictions for Building-Integrated
Photovoltaic Modules
T. Gewohn, M. Koopmeiners, M.R. Vogt, B. Lim, C. Schinke, R. Brendel

Organic Photovoltaic Modules Installation: Italy and Algeria Case Studies
C. Busto, G. Corso, G. Gorni, R. Po, A. Terenzi, I. Trattenero, M. Asses, C. Derennes, D. Hau, G. Pic,
N. Vannieuwenhuyse, S. Leva, A. Dolara, F. Ferrazza

How High Albedo Improves Vertical Bifacial PV Performance: Simulations and Measurements on a Solar
Noise Barrier
S. Villa, M.M. de Jong, J.C.P. Kester, A.R. Burgers, W. Folkerts

Evaluation of the Solar Resource and Energy Generation in Vehicle Integrated Photovoltaics
J. Macias Rodriguez, R. Herrero, 1. Anton Herndndez, R. Nuiiez

Fire Performance Assessment of BIPV Facades Equipped with Active Rapid Shutdown
F. Parolini, P. Bonomo, F. Frontini, M. Caccivio, G. Manzini, G. Traina, P. Cancelliere

Impact of Configurations on the Performance Prediction of Building Integrated Photovoltaic Modules
Y.B. Assoa, J.V. Furtado Frazao de Medeiros, P. Thony

Potential of Wind and Solar Energy Available in an Aerial Basin: Taking Advantage of the Integration of
Dams Hydrosystems

F.M. Valadao, V.O. da Silva, S.G. Relva, R. De Paula, A.L. Linhares, M.D. Galvao, A. Abubakar,
M.EM. Udaeta, L.C. Ribeiro Galvao

Bio-Inspired Design of a Dynamic Solar Photovoltaic Envelope with Evolving Functionalities
J. Ratovonkery, Y.B. Assoa, C. Ménézo
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6CV.2.46

6CV.2.47

Energy and Exergetic Analysis of a Photovoltaic-Thermal System Using a Dynamic Bidimensional Model for
High Radiation and High Geographical Altitude Conditions

A.A. Taquichiri Ayaviri, A. Mallco, M. Henriquez, F. Pineda, V. Vergara, C. Portillo, M. Cortes,

E. Penaranda, J. Velasco

Towards Net-Zero Public Buildings through BIPV: a Case Study in Castilla-Le6n (Spain)
D. Granados-Lopez, M. Diez-Mediavilla, A. Garcia-Rodriguez, D. Gonzalez-Peria, C. Alonso-Tristan

The Impact of Building Shape and Density on Active Solar Energy Potential
S. Bensehla, Y. Lazri, R. Amaro e Silva, M.C. Brito

Re-Uniting Photosyntesis and Photovoltaics: Design for Architectural Greenhouses
A. Scognamiglio, L.V. Mercaldo, M. Della Noce, M. Ferrara, P. Delli Veneri, C. Toledo Arias, F. Carteni,
F. Giannino, M. Zotti, N. Salvatori, S. Mazzoleni

Land Use Intensity and Land Occupation of Utility-Scale Photovoltaic Power Plants in Continental Portugal
J. Tavora, M.J. Cortinhal, M. Meireles

Shiwa Off-Shore Floating PV Pilot Test South Korea
W. Lawrence, C.-S. Won, J.-M. Lee, D. Kim, M. Gang, Y. Choi, H.-K. Ahn, B.G. Bhang, S. Shin

A Comparison of Different Solar Cell Technologies for Integrated Photovoltaics
M. Heinrich, T.E. Kuhn, F. Dimroth, U. Wiirfel, J.C. Goldschmidt, M. Powalla, S.W. Glunz, D.H. Neuhaus

A Standardized Classification and Performance Indicators of Agrivoltaic Systems
B. Willockx, B. Uytterhaegen, B. Ronsijn, B. Herteleer, J. Cappelle

Finance, Markets and Policies
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7TEP.1.4

7TEP.1.5

7D0.8.1

7D0.8.2

7D0.8.5

Plenary SESSION 7CP.1 Innovations for PV Industry and Deployment

Requirements of the Paris Climate Agreement for the Coming 10 Years on Investments, Technical Roadmap,
and Expansion of PV Manufacturing
P.P. Altermatt, Y. Yang, Y. Chen, X. Zhang, D. Chen, G. Xu, Z. Feng

Plenary SESSION 7EP.1 PV in the Energy System

Innovative Self-Consumption and Aggregation Concepts for PV Prosumers: Results of the PV-
Prosumers4Grid Project

W.G.J.H.M. van Sark, J. Radl, A. Fleischhacker, G. Lettner, W. Schram, A. Louwen, L.A. Aguilar, M. Roos,
C. Grundner, M. Jimeno, D. Hendricks, J. Vollmer, P. Bancourt, R. Battisti, K. Moosdorf, H. Kuittinen,

E. Romdn Medina, A. Joyce, G. Masson, G. Neubourg, J. Donoso Alonso, P. Santos, C. Winter, N. Diewald,
U. Winter

Only PV Can Deliver Enough Power to Decarbonise
R. Nordmann

Oral PRESENTATIONS 7DO0.8 Accelerating Technology Innovation and Sustainable Deployment

Potential Regulatory Approaches on the Environmental Impacts of Photovoltaics: Expected Improvements
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