
 

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not 
necessarily reflect those of the European Union. Neither the European Union nor the granting authority can be held 
responsible for them. 

 
 

D4.1 Value and Supply Chain Analysis 
WP4 

Lead Partner: Eurac 
Partner Contributors: SUPSI 

 
Dissemination Level: <Public> 

Deliverable due date: M18      Actual submission date: M18 
Deliverable Version: V1.3 

 

 
 
 

Project Acronym MC2.0 

Project Title Mass customization 2.0 for Integrated PV 

Grant Agreement n° 101096139 

Call HORIZON-CL5-2022-D3-01 

Topic HORIZON-CL5-2022-D3-01-03 
Advanced manufacturing of Integrated PV 

Starting Date 1 January 2023 

Duration  38 months 



  

1 
D4.1 Value and Supply Chain Analysis 

Document history 
 

Version  Date Comments 

1.0 7th June 2024 Shared with WP4 and reviewers 

1.1 14th June 2024 Comments by reviewer (VDL) 

1.2 21st June 2024 Shared with Coordinator 

1.3 27th June 2024 Reviewed by consortium and sent to coordinator 

 

  



  

2 
D4.1 Value and Supply Chain Analysis 

Executive Summary 
The scope of this report is to analyse the value and supply chain of IPV projects. Typical approaches are 
presented based on information collected in the past on specific projects for different market segments and 
applications. The clear outcome is that there is not a well-defined workflow with clear responsibilities from 
the various stakeholders involved. This can represent a barrier to the deployment of IPV technologies as the 
end user has to try to familiarise themselves with the complex landscape where in some cases the risk of 
getting into a catch 22 situation is not negligible. The workflow in the implementation of an integrated PV 
(IPV) product and system cannot be easily standardised due to the multifaceted challenges that must be 
addressed and the variety in stakeholders’ involvement depending on infrastructure / building type, market 
segment, etc. It is difficult for the end user but also for the investors in an IPV project to navigate through 
this complex framework, overcome barriers, create a dialogue with the right stakeholders and put in place a 
cost-effective quality assurance process. In this report we thus leverage on a methodology that is being 
currently developed by the IEA PVPS Task 13 on the mapping of decisions along PV projects workflows. While 
the IEA PVPS Task 13 focuses mostly on utility scale projects, here we provide a first draft for the 
implementation to integrated PV. Visualising the workflow is helpful in defining state of the art, inefficiencies, 
role of stakeholders along the value chain and ultimately also identifying gaps that must be covered by new 
actors. This is a first attempt of this kind and in the project continuation we aim at keeping the decision matrix 
updated by involving the community at large. 
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Abbreviations and Acronyms 
[BIPV] - Building-Integrated Photovoltaics 
[CAPEX] - Capital Expenditures  
[EoL] – End of Life 
[IGU] – Insulated Glazing Unit 
[IPV] – Integrated Photovoltaics 
[ROI] – Return of Investment 
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1 Introduction 

The workflow in the implementation of an integrated PV (IPV) product and system cannot be easily 
standardised due to the multifaceted challenges that must be addressed and the variety in stakeholders’ 
involvement depending on infrastructure / building type, market segment, etc. It is difficult for the end user 
but also for the investors in an IPV project to navigate through this complex framework, overcome barriers, 
create a dialogue with the right stakeholders and put in place a cost-effective quality assurance process. It is 
therefore necessary not only to analyse the value and supply chain but also to visualise it by creating an 
agreed high-level workflow. The workflow can be mapped per phase of the value chain and per stakeholder: 
the mapping of the value + supply chain will guide towards a clearer identification of flaws in the workflow 
that leads to inefficient process and to the definition of quality gates where decisions can have an impact on 
the next phase of the IPV value-chain.  
It is in the scope of this report to: 

- Analyse the workflow through concrete examples; 
- Define the stakeholders involved in an IPV process with a special focus on the MC2.0 products; 
- Map the workflow defining the role of various stakeholders along the value-chain; 
- Introduce the concept of quality gates along the process. 

 
The mapping exercise is a process that will go through several other iterations with relevant stakeholders to 
find a general consensus of high-level workflows. It is also the basis for the analysis which will be carried out 
in MC2.0: 

- Analyse how digitalisation can support the avoidance of information loss along the workflow and 
assess how digital tools can assist the various stakeholders, ranging from façade and building 
designers and installers to IPV manufacturers and how digital flow can be used for certification, 
quality and reliability purposes. 

- Define best practices in processes to increase efficiency, reduce risks, reduce cost and increase 
clarity  

The target audience for this deliverable are all the stakeholders involved in a IPV process workflow with a 
special focus on those who can through their solutions increase the efficiency of the process and introduce 
cost-effective quality gates. 
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2 State of the art in IPV workflow and current practices 

The aim of this chapter is to present the state of the art in IPV workflow and process decisions by presenting 
some cases studies divided by market segment considering different building typologies (Single-family house, 
commercial, infrastructure, historical buildings/protected area) and intervention types (new or retrofit). The 
chapter serves as a clear indication on how the decision in integrating an IPV product does not always follow 
a specific workflow, it does not involve steps in a prescriptive way and stakeholders tend to cover parts of 
the value chain which should be in the hands of others.  
Additionally, the chapter highlights the fragmentation within the IPV market, where workflows and key 
stakeholders differ across market segments. For instance, the primary stakeholders driving the IPV process 
are: (i) building owners for single-family houses, (ii) real estate companies for commercial/office buildings, 
(iii) infrastructure chain operators for infrastructure projects, and (iv) relevant authorities or conservation 
bodies for historical buildings and protected areas. 

a. Single-family house, new building 

CASE STUDY: Single-family house in Lasa (IT) 

Source: Eurac IPV Platform (https://integratedpv.eurac.edu) Credits: Geom Renato Coletti, Building Owner 
STAKEHOLDERS:  
Building owner, IPV manufacturer (IPV module manufacturer), Building designer (Engineering studio) 
DECISION MAKING:  
”The owner decided to integrate photovoltaic modules into the balcony’s railings when the building 
construction was almost completed. Primarily, the PV plant is a useful solution to supply the boiler energy 
demand, previously supplied by a pellet stove. Second, the owner wanted to use a semi-transparent shading 
device to partially cover the view into the large windows, initially thinking about a satin or serigraphic glass 
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solution. The final BIPV solution was found visiting a PV products exhibition, where he compared different 
solar glass solutions and found the best one (building owner)." 
An economic assessment revealed that the glazed PV could be quite competitive with the glass. Aesthetically, 
quite the same striped texture could be produced. So, the photovoltaic option has been preferred (building 
owner). The low amount of energy production and the lack of a suitable storage solution on market, in 2012, 
led the owner to connect the photovoltaic plant to the PV heater  (i.e. a system that utilizes power from 
photovoltaic modules for https://integratedpv.eurac.edu/en/products/energy-systems/refusol-pv-
heater.html domestic hot water) exploiting in a different way the generated electricity (building owner).  
 

b. Single-family house, building retrofit 

CASE STUDY: Single-family house in Ulestraten (NL)  
 

Source: Eurac IPV Platform, IEA Task 15 Project (https://integratedpv.eurac.edu)  Credits: BEAUSolar 
 
STAKEHOLDERS: 
Building owner, IPV manufacturer (IPV mounting system developer) 
DECISION MAKING: 
The private building-owner of this BIPV case project, a scientist and entrepreneur, wanted a sustainable 
investment and was already convinced by the application of PV. The investment was in particular motivated 
by the relatively high energy consumption due to the heat pump of the swimming pool and the electric car. 
At the same time, there was a need for roof renovation because the roof deck consisted of asbestos-containing 
sheets. (Mrs Caroline America, Mr Raoul Comuth, BEAUsolar). 
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c. Office building, new building 

CASE STUDY: Enzian Office 
 
Source: Eurac IPV Platform, (https://integratedpv.eurac.edu)  Credits: Arch. Zeno Bampi 

 
 
 
STAKEHOLDERS: 
Real Estate company, IPV manufacturer (IPV module manufacturer, glass company), Architect, Engineer, 
electrical installer, Construction company 
 
DECISION MAKING: 
The real estate company decided to build a building conceived as an energy self-sufficient unit. Hence, the 
decision to integrate a photovoltaic plant. The wide building façades were covered as much as possible with 
PV modules in order to maximize the electric energy production exploiting most of the available solar 
radiation. Amorphous silicon was chosen instead of crystalline silicon, because of its uniform shading effect 
inwards and its uniform appearance outwards. Additional PV modules were applied to the building roof in 
order to increase the electric energy building supply. 
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d. Infrastructure 

CASE STUDY: Gas station in Geilenkirchen 

 
 
Source: Eurac IPV Platform, (https://integratedpv.eurac.edu)  Credits: Sunovation 
 
STAKEHOLDERS: 
Gas station chain operator, IPV manufacturer (IPV mounting system developer), Construction company 
 
DECISION MAKING: 
The initiator of this project, an ecologically committed operator of a major gas station chain, aimed to 
transfer the subject of environmental consciousness into the market for fossil energy. The assignment here 
was to design an exclusive, design-oriented roofing solution with integrated photovoltaic, aimed to 
incorporate and communicate into the world of gas stations the ideas "renewable energy" and "climate 
protection". 
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e. Historical buildings/Protected area 

CASE STUDY: Single family house, Villa Castelli (IT) 
 

 
Source: HiBER ATLAS, (https://www.hiberatlas.com/en/villa-castelli--2-23.html). Credits: Valentina Cari’ 
 
STAKEHOLDERS: 
Building owner, IPV manufacturer (IPV mounting system developer), architect, energy consultant, heritage 
authority 
DECISION MAKING: 
The building owner aimed to achieve a long-term sustainable building with low energy demand covered by 
renewables. The refurbishment project targeted 18 kWh/m²a, met through a heat pump with geothermal 
probes and electricity from PV panels. Despite being in the early phase for Building-integrated Photovoltaics 
(BIPV) in a heritage context ten years ago, several prototypes were prepared and studied. Concurrently, there 
was a more structured approach to evaluating what is acceptable in a heritage context, developing specific 
evaluation criteria for the decision-making process. 
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CASE STUDY: Single family house, Dimora storica a Montecretese (IT) 
 

 
 
Source: Eurac IPV Platform, IEA Task 15 Project, (https://integratedpv.eurac.edu/it/casi-studio/dimora-
storica.html) Credits: Sofia Tiozzo 
 
STAKEHOLDERS: 
Building owner, Architect, IPV manufacturer. 
DECISION MAKING: 
The decision-making process for integrating the PV system into the historical building was driven by the 
necessity to preserve the architectural heritage while adopting modern technology. The project team chose 
a visually compatible solution, using dark-coloured photovoltaic tiles that blend seamlessly with the historical 
structure, a decision aligned with the requirements of the landscape protection authority (SABAP). This 
choice was influenced by prior successful installations of similar systems in protected areas, ensuring minimal 
procedural issues and maintaining the building's aesthetic integrity. 
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CASE STUDY: Industrial ensemble under heritage protection, Solar Silo (Basel, CH) 
 

 
 
Source: BFE—SUPSI Photo: ©C. Martig; 1b. SUPSI©P. Bonomo. Detailed information available online: 
https://www.hiberatlas.com/en/solar-silo-in-gundeldinger-feld-basel--2-51.html 
 
STAKEHOLDERS: 
Building owner, Architect, IPV manufacturer. 
DECISION MAKING: 
The decision-making process for integrating the PV system into the "Gundeldinger Feld" ex-industrial 
ensemble involved ensuring that the remodelled building matched the heritage site's style and colour 
scheme. Maintaining the visibility of the original architecture was crucial, leading to the adaptation of the 
solar system to the building's vertical uprights, thus preserving the architectural design. The cooperation with 
the building conservation department, despite the building not being individually protected, was vital to 
ensure that the changes did not affect any conservation aspects and resulted in a high energy efficiency in 
operation. 
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3 Analysis of manufacturing processes and stakeholders 

a. Manufacturing process 

This section explores the manufacturing process of BIPV products, encompassing not just their physical 
production but also the broader scope of activities that manufacturers are increasingly required to manage 
today. This includes product design, manufacturing, and supply, all of which necessitate collaboration with 
various stakeholders, notably architects within the value chain. The BIPV value chain operates at the 
intersection of the construction and photovoltaic sectors, involving a diverse array of stakeholders and 
activities that can introduce complexities. The manufacturing process plays a limited role in the decision-
making process for BIPV projects. Nonetheless, it plays a crucial role in developing high-quality, appealing 
products that meet the needs of clients, investors, and regulatory standards. As such, manufacturers are 
pivotal in advancing the BIPV market and industry. Visionary developers and producers can effectively 
partner with stakeholders to innovate solutions that address contemporary global technological, economic, 
and social challenges. However, the process is not always very clear, and it could bring to extra costs and 
extra work for the manufacturer. 

Manufacturers are involved in multiple stages of the construction value chain, starting with the building 
design phase. During this phase, they provide technical information, preliminary design, and economic 
estimates to architects. This stage can be long, iterative, and costly for manufacturers, and the extra effort is 
often not reflected in the final pricing, which can make their offer less competitive. The situation is further 
complicated if, after extensive work, the customer chooses another manufacturer using the material initially 
developed by the first one. Over time, this process can result in wasted resources and decreased revenue for 
manufacturers. To mitigate these risks, early engagement of a strategic consultant is crucial. This consultant 
can help architects and building owners navigate initial challenges and recommend manufacturers who best 
align with the project's specific requirements.  

Manufacturers also play a critical role during the engineering phase by providing technical specifications for 
products and the electrical system. They collaborate with system engineers or installers to design the 
electrical configuration, encompassing elements like electrical drawings, string connections, and cabling. 
System engineers are essential for optimizing the electrical setup, particularly for manufacturers that do not 
provide this service directly. During the procurement phase, manufacturers are responsible for both 
producing and supplying the BIPV products. In the construction phase, they further support the process by 
training installers and furnishing installation manuals or guidance to ensure proper integration of the 
products. 

In the following paragraphs, a decision matrix has been introduced for manufacturers. This matrix maps out 
the involvement of each stakeholder throughout various phases of the value chain and their closest 
interactions with other stakeholders. 

b. Archetypes 

The construction sector has deep-rooted connections to local and regional traditions and requirements. 
However, there is a clear need for a more adaptable approach that can effectively cater to the diverse needs 
of both local and European industries. The BIPV market is currently in search of innovative strategies and 
business models that embrace a holistic perspective and concepts, thereby serving as a catalyst for the 
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transformation of financing in renovation projects. To categorize available PV end-products as part of the 
market offering, we considered key parameters related to both the building stock and PV semi-fabricates. 
Aspects primarily associated with construction were considered in terms of the building application and 
technological systems, as described in BIPVBOOST and IEA PVPS reports1,2. Meanwhile, aspects more closely 
tied to the photovoltaic component were extracted from the confidential MC2.0 report3. The combination 
of the different tiers allows us to define the PV end-products archetypes and the data-tree presented in 
Figure 1. It proposes 12 archetypes, which represent available PV end-products as part of the BIPV market 
offering: 

1. Façade opaque, rainscreen, CIGS or Si cells with coloured protective layer 
2. Façade opaque, prefab façade, CIGS or Si cells with coloured protective layer 
3. Roof opaque, cold roof, CIGS or Si cells with coloured protective layer 
4. Roof opaque, prefab roof, CIGS or Si cells with coloured protective layer 
5. Roof opaque, tiles, CIGS cells with (coloured) protective layer 
6. Roof transparent, skylight, back contact Si cells 
7. Façade transparent, window, back contact Si cells 
8. Façade transparent, curtain wall, back contact Si cells 
9. Façade transparent, double skin, back contact Si cells 
10. Façade transparent, window, back contact CIGS cells 
11. Façade transparent, curtain wall, back contact CIGS cells 
12. Façade transparent, double skin, back contact CIGS cells 
 

 
1 Collection of building typologies and identification of possibilities with optimal market share, BIPVBOOST, 2019  
2 Categorization of BIPV applications, IEA PVPS Task 15, 2021.  
3 Requirement Specifications Document for the Semi-Fabricates for PV-integrated Products (MC2.0 confidential report) 
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Figure 1: Alluvial multi-step map of the data-tree, 3 tiers and 12 archetypes have been identified. Source: SUPSI. 

 
In this section, we present an array of distinctive product archetypes that have been created through 
collaborative efforts in the MC2.0 project, involving the active participation of end product manufacturers 
associated with the project. This comprehensive information is intended to provide insights for various 
stakeholders (designer, decision makers, building owners, etc.), enabling them to gain a thorough 
understanding of the cutting-edge technologies available in the market for specific archetypes. More 
specifically, we introduce the following innovative solutions: 

• Archetype 1 (PV facades – Schweizer) 
• Archetype 5 (PV roof tiles – BMI)  
• Archetype 7, 8 and 9 (PV IGU – G2P) 
• Archetype 10, 11 and 12 (Solar window – iWin) 

 
 
The following Table is an example of the analysis carried out in MC2.0 for each archetype. More information 
on this and other archetypes have been presented in the D3.3 Market archetype report and competitiveness. 
 
PV FAÇADE (Schweizer) 
Archetype 1. 
Façade opaque, rainscreen, CIGS or Si cells with coloured protective layer 

 
System features Metal façade cladding system including secondary mounting system 

suitable for combination with lightweight, glass-free PV modules. Simple, 
easy to install using third party mounting system as well a standard 
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façade BIPV product based on a well-established façade mounting 
system. It is recommended for large opaque facades > 200 m2. 

Target market Industrial and commercial buildings in Switzerland, Germany and Austria 
with large opaque facades (>200m2) in which is required the 
maximization of self-consumption and the maximization of electricity 
(including winter power generation). The target application requires a 
low level of customization. 

Customization possibilities Equipped with two PV technologies: c-Si & CIGS 
Solar active cassettes with 2-3 horizontal dimensions per technology: 
Width: 700 mm – 2200 mm; 
Height: 350 mm – 550 mm; 
Dummy cassettes with horizontal dimensions 700 - 2200 mm; 
Standard black / Choice according to RAL code possible 

Installation guidelines Standard suspended rainscreen cladding mounting solution known in the 
façade industry; 
Electrical interconnection can be assumed plug-and-play, since the 
modules are interconnected using standard MC4 connectors. This can be 
done by either by façade installer or by electrician. 

Sales & distribution strategies Sales to facade installers, via dedicated solar distributors; 
Sales to solar installers. 

 

c. Stakeholder analysis 

The BIPV value chain is at the crossroad of the construction and PV sector, and the multiplicity of stakeholders 
involved in the BIPV value chain can create complexity. According to this, the first step consists of showing 
the stakeholder map based on the research developed within the Deliverable 3.3 of Mc2.0 (Figure 2). The 
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proposed classification of stakeholders in a BIPV value chain split the stakeholder into 9 groups. The key 
groups are as follows: 

- Clients / End users 
- Government and Regulation bodies 
- Finance and investors 
- Raw material producers / Product manufacturers 
- Design and engineering 
- Construction 
- Operation and Maintenance 
- Stakeholders involved in the demolition process  
- Stakeholders involved in the renovation process 

 

 

Figure 2: Stakeholders map identified by MC2.0 

 

The Figure 2 shows the stakeholders included into the general stakeholder map. The development of a 
stakeholder list would potentially inform on the wide technological and administrative value chain reach the 



  

19 
D4.1 Value and Supply Chain Analysis 

BIPV solutions are covering. The stakeholder classification proposed follows a general construction project 
development process logic, but not necessarily applicable universally. 

 

Table 1: General Stakeholder map. Source:SUPSI 
                 
Clients and   
End users 

Government 
and  
Regulation 
bodies 

Finance and 
investors 

Raw material 
producers  
Product 
manufacturers 

Design and 
engineering  

Construction Operation and 
Maintenance 

Demolition 
processes 

Renovation 
processes 

                  
Residential 
building 
owners 

Politicians Insurers Glue companies Architects Architects 
(execution 
supervisor) 

Maintenance 
companies 
(facade) 

Regulatory bodies 
(safety, permits, 
processes) 

Facade 
renovation 
companies 

Industrial 
building 
owners 

Lobby groups Financing 
organizations 
(banks) 

Polymer 
companies 

Structural 
engineers 

Engineers (site 
supervisor) 

Maintenance 
companies 
(building 
operation) 

Facade demolition 
companies 

Roof 
renovation 
companies 

Commercial 
building 
owners 

Central 
governments 

Financing 
organizations 
(third party 
invertors) 

Isolation solutions Facade engineers General project 
managers 

Occupants 
(building 
mangers) 

General demolition 
companies 

Renovation 
permits 

BIPV system 
owners 

Local 
authorities 

Investors in 
real estate 

PV cell producers Sustainability 
engineers 

Facade project 
managers 

Occupants 
(residents) 

PV plant 
decommissioning 
and demolition 

General 
contractors 

Purchasers in 
construction 
or energy 
industry 

Licensing 
bodies 

Project 
sponsors 

Glass producers Electrical 
engineers 

Electrical 
project 
managers 

Occupants 
(office 
personnel) 

Recycling 
companies  
(PV modules) 

Electricians 

  Regional 
regulators 

  Aluminium 
producers 

PV engineers Structural 
contractors 

  Containers and 
dumping grounds 

Historical 
building 
renovation 
organizations 

  EU regulators   Venetian blind 
producers 

Energy system 
designers 

Facade 
contractors 

  Storage of used PV 
panels and other 
construction 
materials 

  

  Certification 
companies 

  Cabling 
manufacturers 

PV and BIPV 
engineers 

Roof 
contractors 

      

  Regulatory 
organizations 
for structural 
safety 

  Raw material 
suppliers (steel, 
cement, etc.) 

Embodied energy 
and carbon 
footprint 
evaluators 

Electricity 
contractors 

      

  Regulatory 
organizations 
for 
sustainability 

  Ingot and wafer 
suppliers 

Experts in fire 
safety 

Control and 
operation 
contractors 

      

  Regulatory 
authorities 
(municipality 
and permits) 

  Raw material 
suppliers (silicon, 
copper, etc.) 

BIPV consultants Safety (site 
supervision) 

      

  Regulatory 
authorities 
(electrical 
integration 
permits) 

  Roof tile 
producers 

Sustainability 
consultants  

Logistic experts       

  Regulatory 
authorities 
(incentives, 
primes, feed-
in-tariffs) 

  Aluminium 
transformers and 
processor 

  PV contractors       

      Glass 
transformers and 
processor 

  BIPV 
contractors 

      

      IGU producers           
      Manufacturers of 

BIPV product 
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      Mounting system 
manufacturers 

          

      Inverter 
manufacturers 

          

      Monitoring 
manufacturers 

         

 
A recommendation for enhancing the project's stakeholder analysis involves the development of distinct 
stakeholder maps tailored to various technological system archetypes. This proposal aims to provide a more 
nuanced understanding of the diverse stakeholder landscape associated with each archetype. Further 
information on other stakeholder maps for MC2.0 archetypes have been presented in the D3.3 Market 
archetype report and competitiveness. 
 

Table 2: Stakeholder map for archetype 1. Source: SUPSI 
                 
Clients and   
End users 

Government 
and  
Regulation 
bodies 

Finance and 
investors 

Raw material 
producers  
Product 
manufacturers 

Design and 
engineering  

Construction Operation and 
Maintenance 

Demolition 
processes 

Renovation 
processes 

                  

Residential 
building 
owners 

Local 
authorities Insurers Glue companies Electrical 

engineers 
General project 
managers 

Maintenance 
companies 
(building 
operation) 

General demolition 
companies 

Roof 
renovation 
companies 

Industrial 
building 
owners 

Certification 
companies 

Investors in 
real estate 

Cabling 
manufacturers PV engineers Electricity 

contractors 
Occupants 
(residents) 

PV plant 
decommissioning 
and demolition 

General 
contractors 

  

Regulatory 
organizations 
for electrical 
safety 

  
Raw material 
suppliers (steel, 
cement, etc.) 

PV and BIPV 
engineers 

Safety (site 
supervision)   

Recycling 
companies  
(PV modules) 

Electricians 

  

Regulatory 
authorities 
(electrical 
integration 
permits) 

  Roof tile 
producers 

Experts in fire 
safety PV contractors   Containers and 

dumping grounds 

Historical 
building 
renovation 
organizations 

  

Regulatory 
authorities 
(incentives, 
primes, feed-
in-tariffs) 

  Manufacturers of 
BIPV product   BIPV 

contractors   

Storage of used PV 
panels and other 
construction 
materials 

  

      Inverter 
manufacturers           

      Monitoring 
manufacturers          
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4 Stakeholders' and value chain mapping exercise 

Every photovoltaic project can be different especially when it involves various market segments, products, 
etc. As we have seen in the previous Chapter, stakeholders vary from projects to projects, when they are 
involved and along which phases of the value chain, they are active. In general, there is no right or wrong, 
and similar projects can experience different workflows as we have shown in Chapter 1. However, for sake 
of introducing cost-effective considerations and quality gates, it is important to map the workflow in a matrix 
with predefined stakeholders and value-chain steps. 
In general terms the essential stakeholders involved in a IPV project were described in Chapter 3 while the 
phases of the value chain of a project can be broadly described as: project development, engineering, 
procurement, construction, operation, end of life. It is difficult to generalize the workflow, at the same time 
it is a very important exercise as it allows us to clearly highlight the following elements among many others: 
  

− Stakeholders that are active in a part of the value-chain that do not naturally belong to them: this 
can create issues related to quality, lack of focus by the stakeholder, etc. 

− Different stakeholders can be vertically integrated within the same company. 
− In some market segments, specialized stakeholders might be missing thus opening opportunities to 

new businesses. 
− Define key parts of the workflow where quality gates must be introduced. 

 

a. The decision matrix 

As a tool to achieve the objectives described above, a decision matrix has been introduced in the IEA PVPS 
Task 13 for utility scale PV projects. It is the intention here to contribute to the work by analysing the specific 
case of (B)IPV with some special focus which are described below. This new addition of the decision matrix 
will contribute to the work carried out in the IEA PVPS Task 13 and Task 15. Figure 3 shows the example of 
the decision matrix developed in the MC2.0 framework. The rows represent the various stakeholders 
involved in the process, the columns the phase of the value chain of an IPV project. During the project all the 
partners will be involved together with external stakeholders in supporting the exercise of completing the 
mapping. In the following section we will provide some examples where the workflow mapping is already in 
an advanced stage with the aim of providing a clearer explanation about the process. 
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Figure 3: Decision matrix for (B)IPV project. Updated 24th June 2024 
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b. SPECIAL FOCUS 1: The development phase 

The development phase of an IPV project starts with the initiative of the client or end users who manifests 
the interest in developing such a project. The drivers for the project initiation can be diverse and specific for 
a defined market segment. The first two main activities are related to the preliminary financial and technical 
evaluation, respectively handed over to the investors and technical stakeholder who will play as a project 
developer. The technical evaluation includes the system early design, carried out by designers and/or 
engineers, and the verification of the authorisation process with the relevant regulation bodies.  
If both site suitability and surface conditions are favourable, the project moves into detailed site selection 
and design. During this phase, the specifics of the site and its design are planned, ensuring every detail aligns 
with the project's requirements. 
 

 
The Project Developer evaluates the technical feasibility of the project and determine whether the project 
can move forward or not. Once the initial technical evaluation is positive, and the authorisation process 
verified, the project reaches a crucial stage where inputs from various stakeholders are returned to the client 
who decide whereas to move forward with the process or not.  

c. SPECIAL FOCUS 2: The construction phase 

The construction phase of a IPV project is one of the more “intense” activities in the value chain due the fact 
that several stakeholders are involved in a different level. As the name of the phase, the 
construction/installation company is the key stakeholder involved but several others are involved to be sure 
that all the process is carried out in considering all the aspects related to the IPV implementation. In Figure 
4 the entire construction phase process is described while hereafter a brief description is reported 
stakeholder by stakeholder underling their specific involvement:  

- Client and End-Users: in general, the primary activity of the client (that could match with the end-
user or not) is to monitor the construction activities "occasionally” during the entire process, let the 
main technical topics to the technical (engineers, Architects, etc.). He will give quality control 
(mostly aesthetic and even from the safety point of view) and will be involved in any decision 
regarding possible variants (in terms of costs mostly but also on some technical questions). In 
general, the client has the final acceptance of the works and in any case should be informed about 
any variations since he is the Asset Owner. If the End-User is not corresponding to the Client, 
normally he is not involved in the process. 

- Asset Manager: the asset manager should be included in the construction phase as he is the person 
that will manage the assets after the work is completed. He should be involved in all the 
variants/activities that will affect the future management of the asset like evaluate technical 
variants during the construction phase to make it much more efficient (if something changes, he 
can give precious feedback looking at the operational phase). The Asset manager is normally the 
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figure that collects all the asset documentation including all the main components (IPV system for 
instance).  

- Project developer / Designers and Engineers: normally is the figure in change of all the 
construction monitoring activities (from technical, to coordination till the safety activities) and 
could be identified as one of the components of the design team (Engineer, Architect, etc.). The 
Project developer is the main contact with the Client and acts as “filter” for technical questions 
regarding the IPV implementation/modification that can occur during the construction phase.  

- Contractors/Construction company: it is the main actor in the construction phase because it is the 
figure that coordinates the real implementation of the IPV products/system. During the 
construction phase, any modification or optimization of the IPV system implementation is passing 
thought this figure that is in continuous contact with the project developers and the design teams 
(Engineers, Architects, Technicians, etc....). It is also important to highlight that the Contractor is 
the figure that accepts and checks all the materials and components on the site (e.g. IPV products). 
Collect all the CE marking /datasheets of materials/components and at the end provide a guarantee 
and the certificate of conformity. This figure could be unique (all the activities managed and 
performed by one entity) or a group of companies (electrician, plumber, etc..). regarding the IPV 
system, the main activities are normally carried out by the electrician and the installer of the IPV 
system (like facade makers). 

- Operational & Maintenance: In this phase the O&M actor is the one that collects all the 
documentation regarding the operational and maintenance procedures. In the specific case, he will 
collect all the IPV specifications like electrical scheme, maintenance scheme, technical details and 
drawings, etc.. This figure can often match with the asset manager.   

- Insurance companies: the insurance company should be involved in this phase whatever significant 
changes have been made to the planned IPV system. This involvement will assure the client to be 
covered for any possible future risks (if any changes on the IPV system is not updated on the 
insurance level, the risk to be uncovered in case of incident is high) 

- Products Manufacturer: the IPV manufacturer has still some activities during the construction 
phase. The first activity is to take care about the shipment of the products and to avoid any damage 
during transportation (a specific insurance can help to reduce the risks). The second activity is to 
provide all the documentation regarding the IPV products (system or single components) to the 
Contractors including all the O&M documentations. 

- Service provider / consultant: These “extra” figures could be involved specifically for the IPV 
product implementation to check the installation quality and to follow all the activities related to it. 
The benefit of having this external actor could be to improve the quality and to have an extra 
guarantee on the IPV final operational results. 
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Figure 4: Snapshot from the decision matrix showing the stakeholders engagement in the IPV construction phase  

 
 

d. The Decommissioning phase 

The decommissioning phase could be defined as a “new phase” since the old concept of the linear economy 
(produce -> use -> dispose) is not anymore accepted as a paradigm and sustainability and circularity are 
becoming important elements in a project value chain opening the door to circular economy concepts. The 
phase was analysed by applying “circularity” based concepts to the IPV system / components including the 
possible activities of the different stakeholders as reported in Figure 5. The main process is starting from the 
O&M team that is the actor dealing with the dismantling process at the End Of Life (EoL). They will evaluate 
the IPV system and decide which end-of-life path to follow based on a first question: “is still the IPV products 
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in good conditions?” base on the answer the flow will be: (i) if YES, the O&M team can run an asset evaluation 
to evaluate possible reuse/repair strategies thanks to a reconditioning phase to extend their life or to sell the 
product for other purposes (downgrading). These activities could be done by a new kind of contractors that 
will take care about the EoL of the products, ensuring that the product still fulfil safety and performance 
requirements. This specialised company dealing with a new “circular” process can involve several other 
companies (dismantling companies, reconditioning and testing LABs, Urban Mining resellers, etc..). If this first 
path has been chosen, the Asset manager will be included in the process to follow the dismantling process 
(software and Hardware). The Asset Owner (Client / End User if Client) will be also involved to the process 
assigning the decommissioning process to the asset manager and to deal with the costs / revenue of the 
entire process. (ii) if NO, the IPV products can follow two separate paths, a) dismantle to be recycled by a 
specific company or b) given back to the manufacturer for Recycle/Resuse/Repair industrial strategies like to 
evaluate the reuse of single components or separation of different components to be re-included in the 
manufacturing loop directly (direct reuse) or indirectly (via a recycle specialized company). 
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Figure 5: Snapshot from the decision matrix showing the stakeholders engagement/activities for the IPV system 

Decommissioning phase 

 
 
 

e. Modification of workflow for specific applications / markets 

The workflow of the design process for IPV systems in a protected environment, such as a heritage buildings 
or landscape, is depicted in EN 16883 (“Conservation of cultural heritage - Guidelines for improving the 
energy performance of historic buildings”) and is summarized in the flowchart of Figure 6. 
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Figure 6: Specific design workflow for integrated photovoltaic system in a protected environment, such as a heritage 
buildings or landscape (EN 16883). 

 
The process initiates with a comprehensive building survey and assessment, creating documentation on the 
building/landscape value and history. Following this, the objectives for the project are specified, leading to 
the formulation of a list of targets. A critical decision point follows: assessing whether there is a real need to 
improve the building's energy performance. If no improvement is needed, the process terminates at this 
stage. However, only if improvement is required, the next step involves compiling an extensive list of 
potential measures. In fact, it is recommended to act only in cases where such intervention is strictly 
necessary, in order to preserve heritage values as much as possible. This list of measures undergoes a 
refinement process, where inappropriate measures are excluded, resulting in a shorter, more relevant list. 
The remaining measures are then assessed in greater detail to determine their feasibility and impact. 
Subsequently, suitable measures are selected and grouped into packages, which are then evaluated in 
relation to the initially defined targets. The outcome of this process is the identification of optimal packages 
of measures that align with the project's objectives and constraints, ensuring that the integrated photovoltaic 
system is effectively tailored to the unique requirements of the protected environment. 
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5 Decision workflow per stakeholders 

The mapping and visualisation in the stakeholders / value-chain mapping is cumbersome to visualise on a A4 
format and it is also difficult to be used when specific feedback is required. As in the IEA PVPS Task 13, we 
have decided to transfer the information for each stakeholder by mapping their involvement in each phase 
of the value chain and the nearest interactions with other stakeholders. Presenting the workflow with a focus 
at stakeholder level allows us to immediately identify any gaps in information and ask relevant stakeholders 
for specific feedback. Figure 7 shows the example for “product manufacturers”. Product manufacturers in a 
IPV project have to cover parts of the value chain which are usually taken over by others. A typical example 
is the involvement in the electrical layout of a IPV system or the placement of IPV modules: in PV projects 
these activities are carried out by the EPC contractor and not by the product manufacturers. Another burden 
to IPV product manufacturers is to provide extra warranties and certifications (e.g., fire, mechanical 
resistance, etc) where in some cases there is no clarity on the type of testing / documents which are needed 
and the requests from the client / end user and constructor may vary on a case-by-case basis. IPV product 
manufacturers in some cases are also asked to provide training to installers.  
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Figure 7: Decision matrix visualised for a specific stakeholder: Product manufacturer. The colours of the box 

background are linked to the relevant stakeholder. Updated 24 June 2024 
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6 Introduction to quality gates 

The process of quality assurance is of fundamental importance in order to ensure that all elements of a 
project are of high quality for all involved stakeholders. In the project “Solar Bankability”, the Bankability of 
a project – strictly connected with quality- was described as “active quality management process, where all 
stakeholders in the approval process of a PV project attempt to identify legal, technical, and economic risks 
throughout the entire project life cycle. These risks need to be quantitatively and qualitatively assessed, 
managed, and controlled. Once the risks are defined, their impact can be vastly reduced by preventive 
mitigation measures, corrective mitigation measured, and transfer of risks to other stakeholders (for e.g. 
insurance companies). The remaining risks will stay with the owner or operator of the asset. An IPV project 
introduces new level of complexity as the (B)IPV element/system is not isolated, it is integrated in a more 
complex workflow related to the building / infrastructure, subject to new construction or renovation. 
Mapping the workflow as shown in Chapter 5 and 6 allows for an effective visualisation of the process where 
“quality gates” can be introduced. What is a “Quality gate”? A “Quality gate” is a concept widely applied in 
the IT sector and refers to a milestone in a project that requires that predefined criteria can be met before 
the project can proceed to the next phase. It is important that quality gates are included after a clear cost-
benefit analysis and the expectations is that more quality gates are introduced in the initial phase to prevent 
the manifestation of risks rather than in later stages where the correction of failures and low quality can 
become very expensive and not feasible.  
 

 
Figure 8: Risk management representation (from H2020 project Solar Bankability) 
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a. Quality gates during Design 

The system early design phase is crucial as it lays the groundwork for detailed planning. Here, the project 
faces two significant questions. The first is, "Is the site suitable?" The Designer and Engineers evaluate the 
proposed site (building or infrastructure) to ensure it meets all necessary criteria. If the site is deemed 
unsuitable, the project cannot proceed. If the site is considered acceptable, the team then asks, "Are the 
surfaces, okay?". This involves checking if the physical surfaces of the site are appropriate for the project's 
needs. Failure at this stage could result in technical problems in the engineering phase. 
If both site suitability and surface conditions are favourable, the project moves into detailed site selection 
and design. During this phase, the specifics of the site and its design are planned, ensuring every detail aligns 
with the project's requirements. The project developer evaluates the design and its compliance to the 
regulatory and authorization framework, reporting the results to the client. The latter, evaluate the technical 
project, the related spending plan, and the financial ability to proceed with the project.  

b. Quality gates during Engineering 

The suppliers of the technologies that participate in the construction industry have to deal with a number of 
technical challenges related to architectural, structural, façade, electrical, PV and BIPV, engineering related 
topics, safety and sustainability expertise. This group is responsible for the project technical compliance to 
regulator demands and client/investor goals. As a solution, BIPV offering has to be able to satisfy the needs 
of the engineering group both related to output requirements and ability to obtain the necessary design 
parameters to facilitate the design process. In turn, the acceptance of the BIPV product in the construction 
value chain is quite dependant on the engineering group’s ability to integrate the product in their design 
process in a minimally disruptive manner and with manageable risks related to overall quality of the final 
product. The BIPV industry must not forget, that a standard construction project is already overloaded with 
compromises, engineering optimisation tasks and a high level of risks that are already prevalent in projects, 
before even considering the application of a BIPV. 

 

 

 

c. Quality gates during Procurement 

During procurement, the selection of IPV components must be driven by considerations which go beyond 
CAPEX. Reliability is a must as the quality of components may vary not only from manufacturer to 
manufacturer but also from batch to batch. In a utility scale PV project, sampling rate are suggested for 
nominal power measurements, EL, accelerated aging for each used Bill of Material. This sampling cannot be 
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simply translated into other market segment as the cost would become a barrier. For highly customised 
products, the inclusion of specific reliability tests on a sample could further drive the cost up. Thus, especially 
in a sector where the selling volume per project could be low (for example, a few m2 for a specific BIPV 
product on a residential roof of a listed building), reliability issues could arise. The use of mass customised 
products could indeed answer to this dilemma as the laminate or semi-fabricate is mass produced for 
customised products and sampling of statistical relevance can be tested for reliability and durability directly 
by the manufacturers to increase the bankability of their products. Similar considerations can be done for 
other aspects such as fire resistance. 
 

d. Quality gates during Construction 

The focus of the stakeholders in the Construction phase is the execution of the project according to the 
planned design, budget, and planning. If disruptive BIPV solutions are applied, it is unlikely that these will 
have a broad acceptance in the circle of potential adopters. As minimal potential risks are imperative for the 
success of a BIPV solution in the construction industry, this calls for minimally disruptive solutions with a 
clearly explained or understandable manipulation or installation with adequate support. Since the 
construction process could be affected by a set of “variants”, based on “last minute” modification or 
construction site contingencies, the stakeholders involved in this process should pay attention on these 
variants to assure in any case the planned quality and unforeseen problems. The inclusion of a specialized 
consultant that follow the entire process of the IPV implementation could lower these risks. 

e. Quality gates during Operation 

The stakeholders in this group are maintenance companies of building façade/envelope, building operation 
or operators, occupants. The risks related to IPV systems after construction can be related to power output 
issues (underperformance), quality of the product, like breakage on site after installation, structural failures, 
issues impacting the aesthetics of the product, etc. All the quality gates that have been skipped during the 
previous phases of the project, might thus become evident during the operation phase where corrective 
measures can be very expensive. Preventing a failure might have a direct impact on CAPEX but will have a 
very beneficial impact on OPEX. The effect of low-quality projects and skipped quality gates can lead to make-
or-break scenarios for the BIPV industry as a whole. If the project driving factors are limited to marketing, 
greenwashing or company image, and do not focus on the actual BIPV output and the proper ROI’s as per 
design, the final result can undermine the BIPV image shading a negative light. It is thus important to put 
pressure on clients and building operators to make sure, that the BIPV systems are well maintained, working, 
and producing towards the planned energy and economical goals via a well-planned O&M contract.  
 

f. Quality gates during Decommissioning and end of life 

A sound business model and sustainability plan should always include a decommissioning or end of life plan. 
The potential to recycle or reuse IPV products, could lead to a different cost calculation for the end client and 
create both a financial and sustainability opportunity. The key stakeholders here are regulatory bodies that 
issue necessary requirements for safety, acceptable processes and permits, façade and general demolition 
companies, PV decommissioning and demolition companies, recycling industry, landfill with their rules, 
companies dealing with recycling, etc. that are working in the PV / BIPV product refurbish, reuse, recycle 
value chain. To facilitate recycling, quality gates could be introduced that check for products’ recyclability 
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index which is currently under development for example for PV modules4. To facilitate PV module reuse, 
safety and reliability aspects must be known at the end of the first life of the component. Various projects 
looked and are currently to establish a framework for reuse for standard PV modules5. One aspect that can 
facilitate the sorting of components for reuse is a monitoring protocol with high time granularity together 
with regular periodic inspections.  
 
 
 

 
4 https://www.pv-recyclability-index.eu/ 
5 H2020 CIRCUSOL, H2020 TRUST-PV, IEA PVPS TASK 13, IEC TC 82. 
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7 Conclusions 

An overview of the current state of IPV workflows and process decisions through various case studies, 
segmented by market and building typologies is presented and reveals that the integration of IPV products 
lacks a common approach leading to customised workflows. While a customised workflow can have the 
benefit to answer to specific needs of each IPV project, at the same time it introduces complexity and reduce 
repeatability and thus deviate from cost-effectiveness. The process does not adhere to a prescriptive 
sequence of steps, and stakeholders frequently assume roles outside their traditional responsibilities. 

Moreover, the IPV market exhibits significant fragmentation, with distinct workflows and key stakeholders 
for each market segment. This variability underscores the need for more cohesive and collaborative 
approaches within the IPV market to streamline integration processes and clarify stakeholder roles. 

The identification of stakeholders involved in an IPV project is the first key step for the visualisation of 
workflow. In this report we present the first of its kind attempt to visualise the workflow of decision taken 
by various stakeholders along the value chain of an IPV project. We also presented some detailed case studies 
for a few parts of the value chain to better explain the process. Finally, we have presented the current status 
of the mapping for a specific stakeholder: product manufacturers. 

The decision matrix and the workflow will be continuously updated during the project and synergies will be 
sought with international efforts such as the IEA PVPS Task 13 and Task 15 to further promote the activity of 
MC2.0. 
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