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ABSTRACT: As lack of education is seen as one of the barriers for BIPV deployment, the Dem4BIPV project 

(www.dem4bipv.eu/) aims to develop innovative training material for higher education in building integrated 

photovoltaics (BIPV). This paper presents the results of a survey that was conducted among BIPV stakeholders with the 

aim to identify major knowledge gaps in education and target audiences as well as teaching goals. From that, potential 

courses dedicated to the needs of each target audience related to BIPV are developed. It aims to provide modular content 

and a schedule for a 10 week, halftime course (7.5 ECTS). 
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1 PURPOSE OF THE WORK 

 

 Building-integrated photovoltaics (BIPV) are 

photovoltaic elements that are used to replace 

conventional building materials in parts of the building 

envelope (roofs, or facades). They are increasingly being 

incorporated into the construction of new buildings as a 

principal or ancillary source of electrical power, rather 

than added on later, although existing buildings may be 

retrofitted with similar technology. The advantage of 

integrated PV systems over more common non-integrated 

systems is that the initial cost can be offset by reducing 

the amount spent on building materials and labor that 

would normally be used to construct the part of the 

building that the BIPV modules replace. These 

advantages make BIPV the optimal method of installing 

renewable energy systems in urban, built-up areas where 

undeveloped land is both scarce and expensive. In fact a 

wide variety of BIPV systems are available in today's 

markets. In both new projects and renovations, BIPV is 

proving to be an effective building energy technology in 

residential, commercial, industrial, and institutional 

buildings and structures. It is generally expected that in 

the next century, photovoltaics will be able to contribute 

substantially to the mainstream power production, and 

that through their widespread commercialization, BIPV 

systems will become the backbone of the nearly zero 

energy building (NZEB) European target for 2020 [1]. 

 Despite technical promise, social barriers to 

widespread use have been identified, i.e. conservative 

culture of the building industry and integration with high-

density urban design. In fact there is a notable disparity 

between the progress made in terms of the technology 

and the knowledge and skills of the professionals 

(architects, engineers, designers, planners) who are 

ultimately responsible for the integration of BIPV 

systems. PV can be included in building projects only if 

the professionals involved in the development have 

sufficient knowledge about PV technologies and 

appropriate design tools to assist them. High level of 

knowledge and skills is required for successful BIPV 

systems planning since the projects realized in the past 

show that a successful BIPV system design is based 

heavily on technical knowledge and competences. Poorly 

designed systems usually have to be redesigned or 

repaired, consequently swelling maintenance costs and 

lowering system efficiency rate.  

 In an effort to respond to the growing industry 

demand for a specialised BIPV workforce, a consortium 

of leading European experts and Higher Education 

Institutions (HEIs) launched the Dem4BIPV project in 

2015. The general objective of HEIs is to provide high 

quality education utilizing modern learning methods. In 

particular, for engineering departments, learning has to be 

in line with the needs of the industry and the new trends 

(such as renewable sources of energy, sustainability and 

PV for example). Meeting the needs of the EU industry in 

general and the local industry in particular and forging 

sustainable relationships with the industry are important 

issues. For the industry the objective is to be competitive 

and help enhance their presence on the market in the field 

of BIPV. An important aspect is skilled staff with up to 

date knowledge, something which this project is aiming 

at. For other partners and stakeholders their objective is 

to help enhance knowledge in the field and keep up to 

date with the technology and adoption of it. 

 

2 PROJECT OBJECTIVES 

 

 The objective of the Dem4BIPV project is to develop 

an innovative and multidisciplinary training scheme that 

will enable graduated architects and engineers to acquire 

the technical knowledge and competencies required for 

the successful implementation of BIPV projects. It will 

be implemented at the postgraduate level and will be part 

of Master programmes in the field of Sustainable Energy 

in a number of leading universities in Europe, i.e. the 

Utrecht University in The Netherlands, the University of 

Cyprus and the FH Technikum Wien in Austria. 

 Dem4BIPV is based on the principle of European 

cooperation through which innovative educational 

material utilizing ICT will emerge on the topic of BIPV, 

which is of crucial importance for the future development 

and penetration of the PV market in Europe with a 

potential significant contribution in meeting Europe’s 

energy challenges. Education and training are crucial for 

both economic and social progress, and aligning skills 

with labour market needs plays a key role in this. This 
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project has been designed and structured so as to meet the 

real needs of the PV market and contributes positively to 

EU benchmarks for 2020 in relation to education. It also 

indirectly tackles fast-rising youth unemployment, as it 

places emphasis on delivering the right skills for 

employment in the BIPV industry and increasing the 

efficiency of higher education in the field of sustainable 

energy and on working collaboratively with all relevant 

stakeholders. 

 The project will contribute to: 

- Raising awareness of the job prospects offered 

within the renewable energy sector in the field of 

BIPV 

- Increasing awareness, sensitivity, and promotion of 

BIPV technologies among key target groups within 

the local economy. 

 

 

3 PROJECT ACTIVITIES 

 

 The Dem4BIPV project has five main activities: 

• Analysis of the existing and future market 

needs in terms of BIPV system integration and 

education needs in this field, as well as an 

identification of the Best Practices in Europe 

mainly but not exclusively, which will result in 

the definition of the framework and the actual 

requirements of the course component. 

• Development of high-quality didactic content 

on BIPV for higher education 

• Development of a virtual learning environment 

to support the practical aspects of the course 

(i.e. laboratory work of experimental nature). 

• Deployment of remote laboratories 

• Pilot testing of the course and refinement 

 The project’s tangible and intangible outcomes 

include the below:  

I. Development of appropriate and up to date 

educational material for BIPV. 

II. The creation of a Virtual Learning Platform and 

Remote Labs for BIPV education and training. 

III. Accreditation (in parallel but beyond the scope 

of the project). 

 

 

4 PROJECT RESULTS 

 

 The Dem4BIPV project started in September 2015 

and will reach its conclusion in August 2018. This 

section summarizes a selection of results from achieved 

or still ongoing tasks related to the project, as of 

September 2017. More detailed information can be 

consulted on the project website at www.dem4bipv.eu 

[2].  

 
4.1 Stakeholder survey in the BIPV sector 

 Before educational material was developed a 

thorough analysis of educational needs was performed 

using a survey among identified stakeholders, i.e. 

professionals from the building sector (architects, 

building contractors, building planners, manufacturers of 

building envelope products, electrical engineers), BIPV 

manufacturers (BIPV producers, mounting systems 

producers, façade manufacturers), installers (PV 

installers, electricians, façade installers), investors, 

research organisations. In total 100 completed 

questionnaires from 15 different countries have been 

analysed. 

 Groups and topics covered in the questionnaire are 

shown in Table I. The educational needs for many of the 

topics were found to be strong or very strong (see Figure 

1). In fact, for 30% of the topics the sum of ‘strongly 

needed’ and ‘very strongly needed’ was larger than 75%. 

The topic ‘aesthetics’ scored highest with 92% 

combining ‘strongly needed’ and ‘very strongly needed’, 

followed by BIPV software /tools, market maturity, and 

building envelope material properties.  

Table I. Groups and topics used in the questionnaire.  

 

 

 

Group Topic 

Constructional 

integration 

Combination with conventional building 

materials 

 Building envelope material properties 

 Moisture protection 

 Orientation/inclination 

Energetic 

integration 

Electrical interconnection 

 Electrical protection 

 Effects of integration type on energy 

performance 

Design integration Glass (optical, colours,..) 

 Sun protection 

 

Different BIPV /products / materials / 

technologies 

 

Aesthetics (variety of colours, sizes and 

types) 

 

BIPV software /tools for early 

integration in the design process 

Regulatory barriers Building law (EPBD - Energy) 

 Heritage law 

 Noise regulation 

 Heat regulations 

 Renewable Energy Directives 

Economical barriers  Price of the BIPV systems 

 Payback time 

 Maintenance of the modules 

 Feed-in tariffs 

Standards EC (low voltage directive) 

 CENELEC 

 prEN 50583 

Maintenance and 

recycling Recycling 

 Exchange of the Modules 

Manufacturing 

barriers  Customization vs. Standardization 

Market driven 

barriers   Market maturity 

Cultural barriers Cultural barriers 

Lack of information 

Best practice examples/demonstration 

examples 

33rd European Photovoltaic Solar Energy Conference and Exhibition

2896



 
Figure 1: Analysis of the questionnaires 

 

 BIPV brings different sectors of professionals 

together, which did not work together in the past. The 

results of the analysis show that the new players in the 

BIPV arena have to enhance their knowledge base and 

skills in relation to BIPV systems. This primarily pertains 

to architects, civil and electrical engineers, followed by 

mechanical and environmental engineers according to the 

survey result. The main group for educational need is 

identified as the professionals (i.e. Architects, Engineers, 

Planners etc.), followed by building contractors and post- 

graduate students (MSc) in relevant fields (i.e. 

architectural, engineering, etc.). 

 The results of this analysis are collected in the report 

‘Framework and Requirements’ Analysis’ [3] which is 

available for download from the Dem4BIPV website [2]. 

In addition, the report reviews the present status and 

outlook of the BIPV market on a global and European 

scale. In particular, it provides a comprehensive review 

of the market situation and the future trends for Austria, 

Cyprus, France, Germany, Italy and the Netherlands until 

the year 2020. 

 

4.2 Didactic content for students 

 The results of the stakeholder survey allowed 

identifying major knowledge gaps in education and 

teaching goals.  From that, potential courses dedicated to 

the needs of each target audience related to BIPV are 

developed. 

 The course outline is developed by Utrecht University 

(UU) with the UU students from the Energy Science and 

Sustainable Development master programmes in mind. 

The course will be implemented in a modular manner with 

four building blocks: 

I) Introduction to BIPV 

II) BIPV design and engineering 

III) BIPV performance 

IV) BIPV and its environmental footprint 

V) BIPV market, barriers, incentive schemes 

Modules can be combined and customized to design a  

 

 

 

BIPV course for different target groups. Hands-on work 

will be included, by using the virtual labs. 

 

I) Introduction to BIPV 

 The learning goals of this module are to familiarize 

the students with BIPV technology, e.g. to show what the 

definition of the technology is, what its pros and cons are, 

how the BIPV market has developed and what kind of 

aspects are related to the application of BIPV in the urban 

environment. Optional in this course module is a general 

introduction into photovoltaics, which could precede the 

BIPV introduction, depending on the pre-existing 

knowledge of the student (see Fig. 2). 

 

 
Figure 2: Example: BIPV intro module set-up 

 

II) BIPV design and engineering 

 In this module aspects of design and engineering are 

treated to students. This includes physical aspects such as 

thermal isolation, construction of components, layout and 

design examples of buildings and components, testing 

procedures. Design software such as SketchUp [4] can be 

used, as well als Building Information Modeling (BIM) [5] 

 

III) BIPV performance 

 This module will inform the students about the 

performance of BIPV systems, and will thus address 

general PV performance from basic physics to system 

operation, but will focus on BIPV specific aspects  (see 
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Fig. 3). The learning goals are to gain knowledge on 

which BIPV specific factors affect performance, and 

what this means in terms of BIPV system yields 

compared to conventional PV systems. Also, a goal is to 

familiarise students with some tools that allow for 

irradiance and (BI)PV performance modelling, like the 

new BIPV software tool developed in the European 

project PVSITES [6]. 

 

 
Figure 3: Example: BIPV performance module set-up 

 

IV) BIPV and its environmental footprint: LCA and 

recycling 

 This course module will address the environmental 

impact of BIPV, and will thus address general topics such 

as how environmental impact is established using life 

cycle analysis (LCA), what the environmental impact of 

BIPV is (results from literature) and how this compares 

to conventional PV and other electricity sources. The 

module will also focus on showing which BIPV specific 

factors affect the environmental performance, and if 

BIPV specific characteristics are suitably accounted for 

in LCA standards, as allocation of the impact to the 

multiple functions of BIPV can have a very significant 

effect on e.g. the impact of the building vs. the impact of 

the generated electricity from the BIPV system. 

Furthermore, the module will address PV and BIPV 

recycling or end-of-life treatment, showing the 

contribution of recycling to the environmental impact, 

and analysing whether BIPV specific characteristics 

affect the ability to perform recycling on end-of-life 

systems. 

 

V) BIPV market: barriers, incentive schemes 

 In this course module, we focus on the BIPV market, 

and assess the barriers in the market that possibly are 

preventing large scale deployment of BIPV. The module 

addresses the development of BIPV costs over time, makes 

the comparison with conventional PV and other renewable 

electricity sources, and analyses the current BIPV market 

to assess the dynamics and maturity of this market. 

Furthermore, different renewable energy incentive schemes 

will be shown and compared, and we address whether 

these schemes are applicable and functional for BIPV 

systems. The course module will also aim to assess 

business cases for different BIPV options. 

 

4.3 Virtual learning environment (VLE) and remote 

laboratories 

 The project also foresees the development of a VLE 

i.e. a web-based platform for the support and delivery of 

developed course modules particularly focusing on the 

practical aspects of the course. The VLE platform will be 

accessible via the Dem4BIPV website and will link 

remote users to the didactic content and the remote labs 

in each participating university.  

 Furthermore, UCY, UU and FHTW have designed 

and are currently developing a remote lab each to be 

hosted in their respective laboratories. The remote labs 

are real physical experimental setups that will be 

accessed remotely by students for the performance of 

different experimental exercises. Each remote lab will be 

fully integrated within the VLE through web-services and 

will also be integrated into the BIPV course developed.  

The remote labs currently being developed are: 

I) Remote laboratory for outdoor testing of BIPV 

modules (UCY): This comprises of a small-scale 

experimental setup for testing BIPV modules in 

real conditions. The lab will serve the purpose of 

measuring in real time among others BIPV 

electrical parameters, meteorological parameters, I-

V and thermal behavior measurements.  

II) Multidisciplinary functional integration of PV 

power systems into buildings and grids (FHTW): 

The lab will allow for comparative research of PV 

systems performance in terms of different 

geographic irradiation conditions, module 

orientation/azimuth/elevation, and different design 

techniques. Moreover, the lab will enable the study 

of the effect of aggregation of volatile energy 

resources (i.e. virtual power plant) and relevant 

methods of information modelling and 

communication.   

III) Virtual laboratory using real data for simulations 

(UU): The lab will enable students to combine 

measured data from UU’s outdoor PV test facility 

with different advanced modelling approaches for 

predicting PV performance of different PV module 

technologies on different building surfaces.  

 

 

5 CONCLUSIONS 

 

This paper has presented the progress achieved in the 

Dem4BIPV project, starting with a brief overview of the 

results of the “Dem4BIPV Framework and 

Requirements’ Analysis”. The aim of the analysis was to 

identify the key players in the BIPV sector and to provide 

a clear picture of the BIPV education needs in Europe. 

The survey shows that architects, building 

contractors, building planners, façade and mounting 

systems producers, as well as investors play an important 

role in the future deployment of BIPV. According to the 

survey, roofs and façade systems will be the main 

application of BIPV. The main requirements that must be 

addressed by a BIPV system in the building are its cost, 

its durability and maintenance, as well as the aesthetical 

component. Also design, constructional integration and 

regulatory issues have to be addressed with high priority.  

Based on the outcomes of this analysis, Utrecht 

University with the other partners is developing a 

curriculum for potential courses dedicated to the needs of 

each target audience related to BIPV. It aims to provide 

modular content and a schedule for a 10 week, halftime 

course (7.5 ECTS). This information will be used for the 

development of course material including didactic 

content for students, the development of a virtual learning 

environment and the deployment of remote laboratories. 

The first pilot Dem4BIPV courses will be 

implemented by the Utrecht University (The Netherlands), 

the University of Cyprus (Cyprus) and the FH Technikum 

Wien (Austria) in 2018.  

 

 

 

 

 

 

33rd European Photovoltaic Solar Energy Conference and Exhibition

2898



 

6 REFERENCES 

 

[1] European Commission. Directive 2010/31/EU of the 

European Parliament and of the Council of 19 May 

2010 on the energy performance of buildings, 

Official Journal of the European Union L 153, 

18.6.2010, p. 13–35. 

[2] Dem4BIPV project website, www.dem4bipv.eu/ 

[3] Dem4BIPV report, ‘Framework and Requirements’ 

Analysis’ 2016. 

[4] SketchUp, https://www.sketchup.com  

[5] Autodesk, 

https://www.autodesk.com/solutions/bim/architecture 

[6] PVSITES project, www.pvsites.eu 

 

 

7 ACKNOWLEDGMENTS 

 

This project is funded by the KA2 Strategic 

Partnerships for higher education programme of 

Erasmus+ under contract 2015-1-NL01-KA203-008882 

 

 
 

33rd European Photovoltaic Solar Energy Conference and Exhibition

2899


