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Preface by the Action Chair and Vice-Chair 
 

Before you lies this beautiful report on all four Training Schools which were organized by COST 
Action PEARL PV in the period from 2018 to 2022. The implementation of the Training Schools 
was not possible without the efforts of the Training School managers Prof. Dr. Aleksandra 
Kristić- Furundžić, Dr. Gabriele Eder and Dr. Cedric Caruana, who played a key role in the 
preparations and organization of the programs. We warmheartedly thank them for their 
dedication, time and efforts.  
 
The aim of the COST Action CA16235 - PEARL PV is to improve the energy performance and 
reliability of photovoltaic (PV) solar energy systems in Europe leading to lower costs of 
electricity produced by PV systems by a higher energy yield, a longer life time eventually 
beyond the guaranteed 20 years as specified by manufacturers, and a reduction in the 
perceived risk in investments in PV projects. This objective will be achieved by analyzing data of  
actual monitored long-term performance, defects and failures in PV systems installed all over 
Europe to quantitatively determine the absolute influences of components rated performance, 
key design of systems, installation, operation, maintenance practice, geographic location and 
weather factors on the performance, performance degradation over time and failure modes of 
these PV systems. It is very important to ensure the performance of PV systems to achieve long 
term goals for PV systems in the future single energy market such as: economic viability, 
securing investments, environmental sustainability and security and predictability of supply. 

Research activities and engagement of participants in this Action were organized in 5 working 
groups: WG 1: PV monitoring, WG 2: Reliability and durability of PV, WG 3: PV simulation, WG 
4: PV in the built environment and WG 5: PV in grids. One of the significant activities of COST 
Action CA 16235 is the organization of training schools that aimed to acquaint trainees 
theoretically and practically with relevant knowledge and skills that are the subject of working 
groups. Therefore, the Training Schools were dedicated to the topics of these working groups 
and the participation of their leaders and members, as well as visiting experts, was implied. 

The trainees who participated in the training schools expressed their satisfaction with the 
concepts, presented theoretical and practical knowledge, joined in excursions and visits to PV 
plants, and actively contributed to the creation of new research networks. We would like to 
thank them as well as the wonderful trainers who shared their excellent knowledge with these 
trainees. 
  
We hope that you will enjoy reading this report as much as we did! 
 

Prof. Dr. Angèle Reinders, Chair of COST Action PEARL PV 

Prof. Dr. David Moser, Vice-Chair of COST Action PEARL PV 
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1. The First PEARL-PV Training School  
 
“Monitoring and Simulation of the Performance and 
Reliability of Photovoltaics in the Built Environment” 

 
 
1.1. About the Training School 
 
The first PEARL-PV Training School on the topic “Monitoring and Simulation of the Performance 
and Reliability of Photovoltaics in the Built Environment” was held at the University of Cyprus in 
Nicosia, Cyprus, between 23th and 26th October 2018. It was focused on the special 
requirements and challenges of integrating PV in the built environment and grids with focus on 
the determination and prediction of performance and reliability. In the 3.5-day training school, 
which consisted of introductory lectures, practical courses and field trips, participants gained a 
deep understanding of planning and building integrated photovoltaic systems and learned about 
key topics from PEARL PV Working Groups such as performance monitoring, reliability and 
simulation issues.  

  University of Cypros  

Training School trainees (students, researchers, educators and practitioners) participated in 
multiple introductive expert lectures, interactive seminars, practical courses including team 
action work, study tours, and much more. Participants gained the opportunity to acquire and 
transfer knowledge about the challenges and opportunities of photovoltaics integrated into the 
built environment by learning from experts and experiences from best practice projects. 

Training School Managers:  
Dr. Gabriele Eder (  Gabriele.Eder@ofi.at ) 
Prof. Dr. Aleksandra Krstić-Furundžić (akrstic@arh.bg.ac.rs ; akrsticfurundzic@gmail.com )  
Local organizer: Dr. Marios Theristis  

 
 

mailto:Gabriele.Eder@ofi.at
mailto:akrstic@arh.bg.ac.rs
https://www.cost.eu/actions/CA16235/189562
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Schedule of Events 
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List of trainees 
 

 
 
 
1.2. Workshop  

 
Based on a practical course, a workshop was organized on the topic of photovoltaic system 
design and a rough overview of its efficiency. It was not planned for the trainees to create 
posters during the workshop. 
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1.3. Pictures of the Training School 1 
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2. The Second PEARL-PV Training School   
 
“Evaluation of the performance degradation of PV-systems – 
influence factors, failure modes and their detectability and 
effect on economic viability” 

 
2.1. About the Training School 
 
The PEARL-PV Training School on the topic “Evaluation of the performance degradation of PV-
systems – influence factors, failure modes and their detectability and effect on economic 
viability” was held at the Malta College of Arts, Science and Technology MCAST in Paola, 
Malta, between 15th and 18th October 2019. It was focused on reliability topics of PV systems 
with special attention on degradation effects of PV materials, components and systems. Various 
failure modes and their detectability were illustrated. Furthermore their impact on the electrical 
performance and economic viability of PV systems was calculated. In 3.5 days of expert 
lectures, on-site practical courses and excursions, trainees gained a deeper understanding of 
the causes of potential ageing-induced electrical performance losses and the way of 
determining and measuring various failure modes. The attendants learned about key topics of 
reliability for state-of-the-art crystalline Si-technologies as well as for thin film and emerging 
technologies from PEARL PV Working Group members and external experts. 

  

Training School trainees (students, researchers, educators and practitioners) participated in 
multiple introductive expert lectures, interactive seminars, practical courses including team 
action work, study tours, and much more. Participants gained the opportunity to acquire and 
transfer knowledge on the reliability of the various photovoltaic technologies, failure 
mechanisms and detection, by learning from experts and experiences from best practice 
projects.  

Training School Managers:  
Dr. Gabriele Eder (  Gabriele.Eder@ofi.at ) 
Prof. Dr. Aleksandra Krstić-Furundžić (akrstic@arh.bg.ac.rs ; akrsticfurundzic@gmail.com )  
Dr. Cihan Gercek  ( c.gercek@utwente.nl  ) 
Local organizer:  Dr Eur. Ing. Inġ. Brian Azzopardi 

The Malta College of Arts,  

Science and Technology  

MCAST 

mailto:Gabriele.Eder@ofi.at
mailto:akrstic@arh.bg.ac.rs
mailto:c.gercek@utwente.nl
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Schedule of Events 
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List of trainees 
 

 
 
2.2. Current Research of participants 
 
Poster session-I was dedicated to getting acquainted with the research orientations of all 
trainees among themselves. Each trainee prepared a concise presentation of his/her current 
research, for doctoral or master thesis, highlighting the topic, problem and results. 
Presentations were the basis for developing scientific discussions between participants. This 
session was practical networking of researchers on a particular topic. It was interactive and also 
a team building activity. Posters are shown in Appendix 1. 

 

2.3. Workshop 
 
The theme of the Workshop and Session II was a presentation of practical knowledge acquired 
during lectures and excursions. Students worked in 4 groups on specific topics and each group 
prepared a poster with case studies related to a selected topic that was discussed in lectures 
and during fieldwork. The poster presentation follows, presenting the results of the Workshop. 
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2.4. Pictures of the Training School 2 
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3. The Third PEARL-PV Training School  
 
“Simulation tools and models for the analysis of PV system 
performance” 

 
3.1. About the Training School 
 

The PEARL-PV Training School on the topic “Simulation tools and models for the analysis of PV 
system performance” was held at the Transilvania University of Braşov, in Braşov, Romania, 
between 6th and 9th July 2021. The event was implemented in a hybrid format due to the rules, 
restrictions and conditions caused by the Covid-19 pandemic on a global scale. It was focused 
on simulation tools and models that can be used to investigate the design of photovoltaic 
systems, predict their output and assess their performance in operation. In 3.5 days of expert 
lectures, modelling exercises and excursions, trainees acquired an understanding of modelling 
approaches for PV system analysis, including system optimisation, performance prediction and 
fault and loss identification. The participants learned about modelling principles and current 
software developments from PEARL PV Working Group members and external experts. 

   

The Transilvania University of Braşov (left) and Institute RDI High Tech Products for 
Sustainable Development (right) 

Training School trainees (students, researchers, educators and practitioners) participated in 
expert lectures, interactive seminars and modelling exercises, including team action work and 
study tours. Learning from experts and the experiences of others engaged in best practice 
projects, participants were enabled to acquire knowledge about modelling photovoltaic systems 
that they can transfer to students and colleagues in their institutes and faculties. 

Training School Managers:  
Prof. Dr. Aleksandra Krstić-Furundžić (akrstic@arh.bg.ac.rs ; akrsticfurundzic@gmail.com )   
Dr. Cedric Caruana ( cedric.caruana@um.edu.mt ) 

Chair of PV Simulation WG: Prof. Dr. Nicola Pearsall ( nicola.pearsall@northumbria.ac.uk ) 

Local organizer: PhD. Eng. Bogdan-Gabriel Burduhos  

 

mailto:akrstic@arh.bg.ac.rs
mailto:cedric.caruana@um.edu.mt
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Schedule of Events 
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List of trainees 
 

 
 

3.2. Current research of participants 
 
Poster session-I – Participants introduction aimed at the participants of the training school to 
present themselves and their research activities in order to get to know each other. Each 
participant prepared and explained a poster that was a concise presentation of his/her current 
research, for a doctoral or master's thesis, highlighting the topic, problem and results. 
Presentations were the basis for developing scientific discussions between participants. This 
session was practical networking of researchers on a particular topic. It was interactive and also 
a team building activity relevant to creating teams for the Workshop. Posters are shown in 
Appendix 2. 

 

3.3. Workshop 
 
The topic of the Workshop was the Modelling Challenge Specification, which involved solving 
specific tasks and presenting the results on posters using practical knowledge acquired during 
lectures and excursions. Students worked in 2 groups on specific topics and each group 
prepared a poster with case studies related to a given topic. The presentation of the posters as 
a result of the Workshop follows. 
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3.4. Pictures of the Training School 3 
 

   
 

  
 

    
 

  

Hybrid format of the Training 

school - participation in person 

and online 
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4. The Fourth PEARL-PV Training School  
 

“Potential of monitoring tools and advanced operation and 

maintenance practice for security and predictability of PV 

performance” 

 
4.1. About the Training School 
 
The PEARL-PV Training School on the topic “Potential of monitoring tools and advanced operation 
and maintenance practice for security and predictability of PV performance” was held at the 
University of Twente, Enschede, The Netherlands, between 8th and 11th

 March 2022. The aim 

was to discuss how the analysis of data on actual long-term monitored performance, defects 
and failures in photovoltaic (PV) systems allows to quantitatively determine the absolute effects 
of nominal component characteristics, key system design, installation, operation, maintenance 
practices on efficiency, reliability and durability of solar PV energy systems as well as their 
forecasting. The discussion also included the use of various (including future) products which 
will enable PV system owners (residential and utility-scale) to control the quality of their PV 
systems. In 3.5 days of expert lectures, exercises and excursions, trainees acquired an 
understanding of the potential of monitoring tools and advanced operation and maintenance 
practice for security and predictability of PV performance. The participants learned about 
monitoring tools, defects and failures in PV systems and maintenance practice from PEARL PV 
Working Group members and external experts. The event was implemented in a hybrid format 
due to the rules, restrictions and conditions caused by the Covid-19 pandemic on a global scale. 
 

   
The University of Twente, Enschede (left) and Horst Building (right) 
 
Training School Managers:  
Prof. Dr. Aleksandra Krstić-Furundžić / University of Belgrade ( akrstic@arh.bg.ac.rs )  
Dr. Cedric Caruana / University of Malta ( cedric.caruana@um.edu.mt ) 

Local organizers: Prof. Dr. Angele Reinders / University of Twente, Prof. Dr. Wilfried Van Sark/ 
University of Utrecht, Copernicus Institute, Prof. Dr. Jeffrey Kettle / University of Glasgow, Dr. 
Eli Shirazi / University of Twente, Ms. Saskia Groenendijk / University of Twente.  
 

mailto:akrstic@arh.bg.ac.rs
mailto:cedric.caruana@um.edu.mt
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Schedule of Events 
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List of trainees 

 
 

4.2. Current Research of participants 
 
Poster session-I – Participants introduction aims for the participants of the training school to 
present themselves and their research activities in order to get to know each other. Each 
participant prepared and explained a poster that was a concise presentation of his/her current 
research for a doctoral or master's thesis, highlighting the topic, problem and results. The 
session was practical networking. It was interactive and also a team building activity relevant to 
creating teams for the Workshop. Posters are shown in Appendix 3. 
 

4.3. Workshop 
 

For trainees the tasks during the Workshop were to identify techniques, describe the required 
data, define the implementation strategy and discuss the potential benefits relating to a 
combination of at least two themes covered in the Trainers’ presentations. Students worked in 5 
groups. Each group had to design a representative case study that demonstrates the 
application of the considered strategy. The presentation of the posters as a result of the 
Workshop follows. 
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4.4. Pictures of the Training School 4 
 
 
 

  
Workshop poster presentations                                                                Excursion – visit to PV plants 
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APPENDIX 1- Posters representing Current 
Research of Training School 2 participants 
 
 

Posters representing the current research of trainees who participated 

in the Training School II held in October 2019 at the Malta College of 

Arts, Science and Technology MCAST, in Paola, Malta.  
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APPENDIX 2 - Posters representing Current 
Research of Training School 3 participants 
 
 

Posters representing the current research of trainees who participated 

in the Training School III held in July 2021 at the Transilvania University 

of Braşov, in Braşov, Romania. 
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APPENDIX 3 - Posters representing Current 
Research of Training School 4 participants 
 
 

Posters representing the current research of trainees who participated 

in the Training School IV held in March 2022 at the University of 

Twente, Enschede, The Netherlands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 









































 

 
 

 
 

 

Professor Dr. Aleksandra Krstić
Architecture, Serbia. Several times was the head of the Department of Architectural 
Technology. She was a visiting professor at the Faculty of Architecture
Geodesy, University of Banja Luka, BiH. 
architectural design practitioner, researcher, and editor. Expert domains: Architectural 
constructions, Innovative façade and roof technologies, Energy efficient buildings, Passive 
and active solar systems, Industrialized construction, Building refurbishment technologies. 
She participated as a trainer in several Training Schools within the COST Actio
dedicated to the design of solar thermal collectors
Founder of the International Scientific Conference on Places and Technologies. Author of 
several books, and a significant number of chapters in international and
and scientific papers. 

 

 
 

 

Angèle Reinders is a full professor at TU/e, an Associate Professor
and a visiting professor
UNSW in Sydney. She studied experimental physics at Utrecht University, where she also 
received her doctoral degree in chemistry. At present she chairs COST Action PEARL PV 
which is focused on research on the performance and
other research has a design
performance of energy technologies, environmental aspects, user interactions as well as 
prototyping and testing 
among others - Fraunhofer Institute of Solar Energy in Freiburg, the World Bank in 
Washington, D.C., ENEA in Naples, Center of Urban Energy in Toronto and in the remote 
areas of Papua in Indon
Faculty of Industrial Design Engineering in TU Delft. She is known for her books at Wiley’s 
“The Power of Design” (2012) and “Photovoltaic Solar Energy From Fundamentals to 
Applications” (2017) and her involvement in the IEEE PVSC conference which she chaired in 
2014 and 2017. In 2010 she co
an editor. In 2014 she received the PVSC Napkin Award in the USA for her contributions to
the field of solar photovoltaics. Also she is involved in various tasks of the International 
Energy Agency PVPS program among which Task 17 on PV for Transport.

 

 
 

 

Professor Dr. Nicola Pearsall, Emerita
University, Newcastle upon Tyne, United Kingdom. 
Photovoltaics Applications Group at Northumbria University
she has addressed a wide range of topics in photovoltaics, including the development of 
space solar cells, thin film compound solar cells, building integrated photovoltaic systems and 
environmental impact assessment. Her cur
assessment and correlation with system design and implementation, with the aim of obtaining 
the highest lifetime output of the system.
announced as the gener

 

 
 

 

Dr. David Moser graduated in physics and coordinates the activities of the Research Group 
Photovoltaic Systems of the Institute for Renewable Energy, Eurac Research, Bolzano
His work focuses on characterising indoor and outdoor behaviour, performance, and reliability 
of PV modules and systems, building integration of PV systems, and monitoring of outdoor 
PV plants. He is also active in PV potential studies on a region
Steering Committee and vice
“Performance of Photovoltaic Systems

 

 

Dr Cedric Caruana is a member of the Faculty of Engineering and an associate member of 
the Institute for Sustainable Energy at the University of Malta, Malta.  He is a senior member 
of the IEEE and a member of the IET. He was a visiting scholar for a period of 12 months at
the Petroleum Institute, Abu Dhabi.  His current research relates to the control of electrical 
drives, control and grid integration of renewable energy, energy storage systems and 
electrification of transport. He has worked on numerous projects concerning
including investigation of MPPT algorithms, integration into power networks and design of 
distributed large-scale system.  
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was a visiting professor at the Faculty of Architecture, Civil Engineering and 
, University of Banja Luka, BiH. Professional experience as an educator, 

architectural design practitioner, researcher, and editor. Expert domains: Architectural 
ctions, Innovative façade and roof technologies, Energy efficient buildings, Passive 

and active solar systems, Industrialized construction, Building refurbishment technologies. 
She participated as a trainer in several Training Schools within the COST Actio
dedicated to the design of solar thermal collectors, and the COST Action CA16235
Founder of the International Scientific Conference on Places and Technologies. Author of 
several books, and a significant number of chapters in international and national monographs 

 
Angèle Reinders is a full professor at TU/e, an Associate Professor at University of Twente 
and a visiting professor at the School of Photovoltaics & Renewable Energy Engineering of 
UNSW in Sydney. She studied experimental physics at Utrecht University, where she also 
received her doctoral degree in chemistry. At present she chairs COST Action PEARL PV 
which is focused on research on the performance and reliability of photovoltaic systems. Her 
other research has a design-driven scope and as such it is trans-disciplinary, with a focus on 
performance of energy technologies, environmental aspects, user interactions as well as 
prototyping and testing of innovative energy products. In the past she condu

Fraunhofer Institute of Solar Energy in Freiburg, the World Bank in 
Washington, D.C., ENEA in Naples, Center of Urban Energy in Toronto and in the remote 
areas of Papua in Indonesia. From 2010 to 2017 she was appointed as a full professor at the 
Faculty of Industrial Design Engineering in TU Delft. She is known for her books at Wiley’s 
“The Power of Design” (2012) and “Photovoltaic Solar Energy From Fundamentals to 

(2017) and her involvement in the IEEE PVSC conference which she chaired in 
2014 and 2017. In 2010 she co-founded the Journal of Photovoltaics for which she serves as 
an editor. In 2014 she received the PVSC Napkin Award in the USA for her contributions to
the field of solar photovoltaics. Also she is involved in various tasks of the International 
Energy Agency PVPS program among which Task 17 on PV for Transport.

Nicola Pearsall, Emerita Professor of Renewable Energy at Northumbria 
University, Newcastle upon Tyne, United Kingdom. She was head of the Newcastle 
Photovoltaics Applications Group at Northumbria University. Throughout her research career, 
she has addressed a wide range of topics in photovoltaics, including the development of 
space solar cells, thin film compound solar cells, building integrated photovoltaic systems and 
environmental impact assessment. Her current research relates to PV system performance 
assessment and correlation with system design and implementation, with the aim of obtaining 
the highest lifetime output of the system. As a world-leading expert on photovoltaics, 
announced as the general chair for the Conference PVSEC 2020. 

David Moser graduated in physics and coordinates the activities of the Research Group 
Photovoltaic Systems of the Institute for Renewable Energy, Eurac Research, Bolzano
His work focuses on characterising indoor and outdoor behaviour, performance, and reliability 
of PV modules and systems, building integration of PV systems, and monitoring of outdoor 
PV plants. He is also active in PV potential studies on a regional scale, member of ETIP
Steering Committee and vice-chair of COST Action PEARL PV. He is leading the Subtask 
Performance of Photovoltaic Systems“ of the IEA PVPS Task 13. 

is a member of the Faculty of Engineering and an associate member of 
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