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Executive Summary

This report addresses the evolving challenges within the construction sector, deeply rooted in localtraditions,
particularly in the context of Building-Integrated Photovoltaics (BIPV). Focusing on the dynamic BIPV
landscape, the report emphasizes the necessity for innovative strategies to meet diverse local and European
industry demands. It outlines a comprehensive go-to-market strategy for BIPV, emphasizing market
attractiveness and the crucial need for professional up-skilling. By fostering collaboration between the
photovoltaic (PV) and building industries, the report presents effective business cases, market-entry
roadmaps, and drivers for large-scale PV integration. Key achievements include identifying 12 BIPV
archetypes that shape the market, serving as benchmarks for new business models. The MC2.0 project's
innovative products are strategically analysed, offering valuable insights for designers, decision-makers, and
building owners. Recommendations encompass early BIPV integration in design and collaboration with
experts, digital processes, contracting of new professionals, addressing the core obstacle of widespread PV
adoption. The report concludes with insights into limitations and potential avenues for future analyses,
expanding the scope beyond specific facade construction steps.
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1 Introduction

The construction sector has deep-rooted connections to local and regional traditions and requirements.
However, as the industry grapples with evolving demands, there is a discernible need for a more adaptable
approach that can effectively cater to the diverse requirements of both local and European industries. This
research focuses on revolutionizing financing in renovation projects by presenting a comprehensive go-to-
market strategy for BIPV. Our goal is to bridge the gap between traditional and new professionals in the
construction value chain, end-users, and decision-makers, highlighting the market attractiveness and
necessary up-skilling in the BIPV sector. By providing effective business cases, a market-entry roadmap, and
drivers forlarge-scale PV integration in buildings, we aim to foster collaboration between the PV sector and
the building industry. The research also addresses obstacles hindering the widespread adoption of PV
technology, including supply chain collaboration, sustainability concerns, and certification issues. Through a
detailed examination of the MC2.0 project phases, from BIPV end products to their integration into buildings,
we strive to facilitate the seamless adoption of PV technology on a broader scale.

The report is organized as following:

Chapter 2 “BIPV market offer as archetypal building technologies”: This chapter aims to define the
current status of the European BIPV market, focusing on available archetypal BIPV solutions. These
archetypes serve as reference categories for the construction sector, influencing new business
models, defining market attractiveness, and providing a base for the subsequent project stages.
Chapter 3 “BIPV market demand”: This chapter focuses on defining the current status of the
European BIPV market in terms of user needs. User needs are identified through stakeholder
engagement, including surveys and on-site visits. The goal is to present proven business cases, a
roadmap for market entry, and key drivers that facilitate the seamless integration of PV technology
into both buildings and infrastructure. The combination between the market offer and the market
demand will result in a definition of the current situation analysis, and, together with the following
project stages, of a strategy which aims to simplify the fragmented BIPV process.

Chapter 4 “Stakeholders’ analysis”: This chapter provides a comprehensive overview of the BIPV
value chain by analysing stakeholders involved. Dedicated stakeholders' maps have been crafted for
the BIPV value-chain and specifically for project archetypes. The identification of new and traditional
professionals within the BIPV-related value chain is accompanied by the definition of specific
requirements or new up-skilling. This analysis serves as the foundation for the subsequent project
stage, strategically designed to enhance the inclusion of stakeholders in the building process.
Chapter 5 “Integration of BIPV archetypes into fagade construction processes”: This chapter
conducts a comprehensive examination of traditional construction processes and their BIPV
counterparts, specifically focusing on building facades. This participative analysis encompasses
various facets developed within the previous chapters including construction phases, stakeholder
engagement, user needs, and the identification of challenges and opportunities based on archetypal
BIPV products. The aim is to reveal a landscape where photovoltaic integration and traditional
construction coexist, forging a path toward a more sustainable and energy-efficient future. A specific
BIPV case study and the associated process, which used a metal facade system compatible with
lightweight glass-free PV modules is presented in Chapter 6.
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2 BIPV market offer as archetypal building technologies

2.1 Introduction

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
transformation of financing in renovation projects.

The primary goal of this research initiative is to establish archetypes fora BIPV mass customization strategy,
in the framework of MC2.0 project, streamlining the production of semi-fabricates capable of
accommodating a wide array of BIPV end products suitable for various building scenarios. In conjunction with
the analysis presented in Chapter 3, our main challenge is to define the current status of the European BIPV
market focusing on available archetypal BIPV solutions. These archetypes serve as reference categories for
the construction sector, influencing new business models, defining market attractiveness, and providing a
foundation for the subsequent project stages. This involves categorizing available PV end-products as part of
the market offering, evaluating them based on their archetypes and their integration within building
technology.

To validate these findings, we compare them with a selection of distinctive product archetypes developed as
part of this project, which include a PV roof tile, a solar window, a PV IGU (Insulated Glass Unit), and a solar
facade. This approach aims to reshape the BIPV landscape, offering customized solutions to meet the
evolving needs of the building industry.

2.2 Methodology

Following the methodology outlined in the research of Sousa Monteiro et al.? to define the PV archetypes,
the information was structured using a data-tree arrangement rather than a matrix. This approach functions
as a decision analysis tool and provides greater flexibility in building categorization. The methodological
approach is divided into the following steps:

e Definition of Parameters: The necessary parameters forthe analysis are defined on the research goal.

e Categorization: Determine which parameters will serve as the foundational criteria for defining the
various tiers within the data-tree.

e Data-Tree: Based on the number of tiers determined in the previous step, establish the order for
these tiers. Each tier represents an outcome for the selected parameter, and each node within the
data-tree corresponds to a specific archetype.

e Characterization: Define all the parameters for each archetype within the selected tier. Compare
attributes to prevent redundancy among archetypes and eliminate unnecessary ones before
advancing to the next tier. As a result, construct a database of archetypes, with the parameters
characterized in accordance with the predetermined order of parameter selection. The completion
of the characterization for the MC2.0 end products step draws insights from the feedback gathered
in Chapter 3.3.6, titled “Feedback on MC2.0 archetypes”.

1 A method for the generation of multi-detail building archetype definitions: Application to the city of Lisbon. SOUSA
MONTEIRO, Claudia; CEREZO, Carlos; PINA, André; FERRAOQ, Paulo. 2015
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2.3 Results

2.3.1 Data-treeand PV archetypes definition

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 reports?®. Meanwhile, aspects more closely tied to the photovoltaic component were extracted
from the confidential MC2.0 report®. Below, the selected parameters are listed:

e Building application and technological system: technological system is meant as the technological
unit and/or technical section that assemble a main part of the building skin (building application) by
satisfying all the technological requirements and features needed for such a building envelope part.

e Semi-fabricates: on the base of the minimum configuration to provide PV functionality to the
archetypes and other products (Configuration 0 in Figure 1), other laminates have been constructed
by either adding (flexible CIGS and c-Si) or interchanging (back-contact, back and front-sheet, etc.)
materials. The minimum configuration consists of interconnected CIGS based cells covered on both
sides by a layer of encapsulant and tabbing wires.

The categorization of the building application tier is made of four possibilities based on the EN 50583-1
(Photovoltaics in buildings):

e Roof opaque: sloping, roof-integrated, not accessible form within the building;

e Roof semi-transparent: sloping, roof-integrated, accessible from within the building;

e Facade opaque: non-sloping envelope-integrated, not accessible from within the building;

e Facade semi-transparent: non-sloping, envelope-integrated, accessible from within the building.

The categorization of the technological system included 7 possibilities related to the project goal and the
archetypes selected:

e Rainscreen facade: it consists in a load-bearing substructure, air gap and cladding. Usually, PV
modules are integrated as external coating similarly to non-active building elements. This fagade uses
the exterior layer breathing like a skin. There is no significant pressure differential between cavity
and external environment. Evaporation and drainage in the cavity remove water eventually
penetrating between panel joints. In summer heat from the sun is dissipated thanks to the cavity
that is naturally ventilated through bottom and top openings. This is the reason why it is also called
as “cold facade”.

e Curtain wall fagade: external not ventilated and continuous building skin system, totally or partially
glazed, composed by panels supported by a substructure. A curtain wall system is an outer building
envelope system in which the outer walls are non-structural. The curtain wall fagcade does not carry
any dead load weight from the building excluding its own dead load weight: moreover, it transfers
horizontal loads (wind, seismic) to the main building structure through connections. A curtain wall is

2 Collection of building typologies and identification of possibilities with optimal market share, BIPVBOOST, 2019
3 Categorization of BIPV applications, IEA PVPS Task 15, 2021.
4 Requirement Specifications Document for the Semi-Fabricates for PV-integrated Products (MC2.0 confidential report)
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designed to resist air and water infiltration, dividing outdoor and indoor environments, and it is
typically designed with extruded aluminium frames (but also steel, woods, etc.) filled with glass. The
facade should satisfy all the main requirements such as load-bearing function, acoustic and thermal
insulation, light transmission, waterproof, etc.

Double skin fagade: it is a fagade building system consisting of two glazed skins separated by an
intermediate air cavity. The functioning and the effectiveness depend mostly on the climatic
conditions, the use, the location and the typology of the building. The air cavity or the distance
between the two skin layers can range from 20 cm up to 2 meters. The inner glass is insulated, while
the external panes are usually laminated glasses since they should withstand wind loads. The air gap
between the two facades works as thermal and acoustic insulated area.

Prefabricated facade: it is a unique and preassembled multifunctional element installed on the
facade, normally composed by PV cladding, protective layers, thermal insulation and substructure.
Cold roof: it consists in a load-bearing substructure, air gap and cladding. It is known as
“discontinuous” roof due to the presence of small element (tiles, slates, etc.) with the main function
of water tightness. It is the part of the building envelope where the PV transfer has had the most
success for many reasons such as the typical optimal orientation of pitches, the easiness of installing
PV panels. Usually, PV modules are integrated as external coating (tiles, shingles, standard modules,
etc.) as similar non active building element.

Skylight: it is a light-transmitting building element that cover all or a part of the roof. They are
typically (semi)transparent. It has the thermal, acoustic, waterproof function.

Prefab roof: it is a unique and preassembled multifunctional element installed on the roof, composed
by PV cladding, protective layers and substructure. Polyvalent components are able to satisfy more
than a single technological requirement in a unitized way.

The categorization of the tier “semi-fabricate” is based on the various configurations of PV laminates defined
together with project partners in D1.3 “Requirement Specification Document for the Semi-Fabricates for PV-
Integrated products”. On the base on the minimum configuration, the following semi-fabricates have been
identified and shall be constituted as follows (Figure 1):

Configuration 1. CIGS cells are interconnected by using back-contacting to a conductive foil. This is
the starting point for all subsequent configurations. No further protective measures are needed
because the cells will be in aninert environment.

Configuration 2. This laminate is optimized for shaping in the tiles application and therefore uses
flexible CIGS cells. A barrier containing back- and front-sheet are added to protect the cells from
moisture. A matte layer could be applied as top layer.

Configuration 3. For facade applications, a very similar semi-fabricate to the Configuration 2 can be
used. A barrier containing back- and front-sheet are added to protect the cells from moisture. In this
case a coloured aesthetic layer might be used.

Configuration 4. This laminate contains back contacted small crystalline silicon (c-Si) solar cells and
no further protective measures are needed because the cells will be in aninert environment.
Configuration 5. This configuration is similar to Configuration 3, using Si cells instead of CIGS,
therefore barrier containing foils are not needed.

10
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Figure 1 Schematic representation of the various configurations of PV laminates. Source: D1.3 MC2.0.

The combination of the different tiers according to the schema presented in Figure 2 allows us to define the
PV end-products archetypes and the data-tree presented in Figure 3. It proposes 12 archetypes, which
represent available PV end-products as part of the BIPV market offering:

Facade opaque, rainscreen, CIGS or Si cells with coloured protective layer
Facade opaque, prefab facade, CIGS or Si cells with coloured protective layer
Roof opaque, cold roof, CIGS or Si cells with coloured protective layer

Roof opaque, prefab roof, CIGS or Si cells with coloured protective layer
Roof opaque, tiles, CIGS cells with (coloured) protective layer

Roof transparent, skylight, back contact Si cells

Facade transparent, window, back contact Si cells

Facade transparent, curtain wall, back contact Si cells

Facade transparent, double skin, back contact Si cells

W oo N R WD R

10. Fagade transparent, window, back contact CIGS cells
11. Fagade transparent, curtain wall, back contact CIGS cells
12. Fagade transparent, double skin, back contact CIGS cells

MC2.0 project related
|

Tier 1 Tier 2 Tier 3
Building application » Technological system » PV semi-fabricate » archetype

End product

Figure 2 Schematic view of End product archetypes definition.
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Tier1: Building Application Tier2: Technological System Tier 3: Semi-fabricate

Arch. 1
Arch. 2

Arch. 3

Arch. 4
Arch. 5

Arch. 6
Arch. 7
Arch. 8

Arch. 9

Arch. 10

Arch. 11

Inmftrmpmnt Arch. 12

Figure 3 Alluvial multi-step map of the data-tree, 3 tiers and 12 archetypes have been identified. Source: SUPSI.
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2.3.2 Description of PV archetypes

The Table 1 offers a concise overview of the 12 identified archetypes, complete with brief descriptions and
visual representations specific to each archetype, namely defining the technical solutions considered as
representative for the archetype including the building typology targeted, the facade technological
alternative and the technical solution considered. More comprehensive details regarding project-related
archetypes can be found in Chapter 2.3.3, providing an in-depth exploration of these concepts.

Table 1 Description of use case of technical solution for the archetypes.

1.

Building application-Facade opaque: This
archetype embodies a conventional approach for
industrial or commercial structures.

Technological system-Rainscreen: Primarily
featuring a load-bearing substructure, air gap and
cladding. Notably, its ease of installation makes it
particularly well-suited for extensive,
uninterrupted facades.

Semi-fabricate-Cells with coloured protective layer:
In the form of a fagade cladding with CIGS or c-Si
PV modules.

Further information regarding a specific project partner
productin 2.3.3.

2.

Building application-Facade opaque: This
archetype embodies a conventional approach for
industrial, commercial or residential buildings.

Technological system-Prefab facade: Composed by
PV cladding, protective layers, thermal insulation
and substructure designed to seamlessly
incorporate protective layers and the supporting
substructure. Notably, its ease of installation
makes it particularly well-suited for extensive,
uninterrupted facades.

Semi-fabricate-Cells with coloured protective layer:
In the form of a fagade cladding with CIGS or Si_PV
modules.

13
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3.

Building application-Roof opaque: Primarily
employed in industrial, commercial, and residential
structures

Technological system-Cold roof: This system
comprises a pitched or sloped opaque envelope
with its key function being the establishment of
water drainage.

Semi-fabricate-Cells with coloured protective layer:
In the form of a roof cladding with CIGS or Si PV
modules.

4.

Building application-Roof opaque: Primarily
employed in industrial and commercial structures

Technological system-Prefab roof: This archetype is
a preassembled, multifunctional system
characterized by a pitched or sloped opaque
envelope. Its primary purposes include ensuring
water tightness and providing effective thermal
protection.

Semi-fabricate-Cells with coloured protective layer:
In the form of a roof cladding with CIGS or Si_PV
modules.
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5.

Building application-Roof opagque: Suitable for
residential and commercial buildings, new or
renovated.

Technological system-Tiles: This archetype
represents a combination between standard roof
tiles and a PV laminate, used as outer part of the
tiling. This solution is often plug and play to
simplify the electrical connections of the junction
box cables.

Semi-fabricate-CIGS cells with coloured protective
layer: In the form of a roof tiles with CIGS cells
encapsulated with a barrier containing back- and
front-sheet to protect the cells from moisture.

Further information regarding a specific project partner
productin 2.3.3.

6

Building application-Roof transparent: Typically,
this innovative technology finds its conventional
application in administrative buildings.

Technological system-Skylight: The archetype
presents a light-transmitting building element that
can encompass either the entire roof or a portion
of it, effectively ensuring thermal insulation,
acoustic performance, and waterproofing.

Semi-fabricate-Back contact Si cells: The PV
modules are positioned on the edge of the IGU,
ensuring the full transparency of the skylight. The
solar light is transmitted to the PV modules by a
suspended film functioning as a concentrator. The
inherent design creates a self-contained and inert
environment around the cells, obviating the
necessity for additional protective measures. This
not only preserves the cells' performance but also
guarantees their enduring durability over the long
term.

Further information regarding a specific project partner
productin 2.3.3.
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7./ 10.

Building application-Facade transparent:
Commonly employed in residential contexts or in
commercial and administrative structures.

Technological system-Window: The archetype
presents a light-transmitting building element that
can encompass either the entire facade or a
portion of it, effectively ensuring thermal
insulation, acoustic performance, and
waterproofing.

Semi-fabricate-Back contact Si or CIGS cells: The
reliable energy production is achieved through the
strategic placement of PV modules and cells within
the IGU. The PV modules are positioned onthe edge
of the IGU and the solar light is transmitted to the
PV modules by a suspended film functioning as a
concentrator (archetype 7) or in combination with a
shading system included within the glazing unit
(archetype 10). The first archetype ensures the full
transparency, while the second guarantees the light
protection as a shading device. The inherent design
creates a self-contained and inert environment
around the cells, obviating the necessity for
additional protective measures. This not only
preserves the cells' performance but also
guarantees their enduring durability over the long
term.

Further information regarding a specific project partner
productin 2.3.3.

D3.3 — Market Archetypes report and competitiveness
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8./ 11.

Building application-Facade transparent: Primarily
designed for use in commercial, administrative,
residential, and other types of buildings featuring
curtain-wall facades.

Technological system-Curtain wall: These
archetypes, sharing a common technological
system, function as standard curtain wall
component.

Semi-fabricate-Back contact Si or CIGS cells: See
archetypes 7 and 10.

Further information regarding a specific project partner
productin 2.3.3.

9./12.

Building application-Facade transparent: Primarily
designed for use in commercial, administrative,
residential, and other types of buildings featuring
double skin facades.

Technological system-Double skin: These
archetypes, sharing a common technological
system, function as standard double skin

Component. 3
i-fabricate-Back contact Si or CIGS cells: S -

Senlt:l' a rlca7 e- daio contac 1 Or cells: See : i %

archetypes 7 and 10. i -

Further information regarding a specific project partner l‘
productin 2.3.3.
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2.3.3 PV archetypal validation based on MC2.0 end products

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:

e Archetype 1 (PV facades — Schweizer)

e Archetype 5 (PV roof tiles — BMI)

e Archetype 7,8 and 9 (PV IGU — G2P)

e Archetype 10, 11 and 12 (Solar window — iWin)

These solutions are meticulously detailed in concise one-page documents, providing valuable insights into
each product. Due to the technology readiness level (TRL) of the end products in this project, some
information is not available yet and thus complete datasheets cannot be compiled. Nevertheless, our
comprehensive approach encompasses the following information:

e System Features

e Target Market Segment

e Customization Possibilities

e Cost Objectives

e Integration Procedures

e Installation Guidelines

e Sales and Distribution Strategies

18
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PV FACADE (Schweizer)
Archetype 1.

Facade opaque, rainscreen, CIGS or Si cells with coloured protective layer

Access to Carrying agraffe

adjusting screw Cabling

/ feedthrough

Cabling Carrying Wind agraffe
feedthrough agraffe

AN

Junction

Box
Fagade

cassette
backside

System features Metal facade 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
facade BIPV product based on a well-established fagcade mounting
system. It is recommended for large opaque facades > 200 m?.

Max wind load: Went = +/-2,4 kN/m? (Test load / design load = +/- 1,6
kN/m?)

Landscape orientation

Weight: 7,2 kg/m? (2000 x 450 x 30 mm nominal dimensions without IPV)

With low efficiency PV cells <500 EU/m?installed, incl. DC cabling
(without inverter and optimizers); (with efficiency of 10% = EUR5 / Wp)
With high efficiency PV cells <600 EU/m? installed, incl. DC cabling
(without inverter and optimizers); (with efficiency of 20% = 3 EUR / Wp)

Target market Industrial and commercial buildings in Switzerland, Germany and Austria
with large opaque facades (>200m?) 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
With ¢-Si: +/-200 Wp/m? (Black), +/- 185 Wp/m? (Other Colours);
With CIGS: +/- 130 Wp/m? (black) (e.g. MiaSolé cells)

Solar active cassettes with 2-3 horizontal dimensions per technology:
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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

Project integration procedures

Architectural design, shading evaluation and facade layout planning with
BIMSolar or equivalent;

Photovoltaic power plant design using standard PV sizing tools, like
PVSyst, or equivalent.

Facade Statics by SolarPro Tool and confirmation by external structural
engineers (planned — not available yet).

Installation guidelines

Standard suspended rainscreen cladding mounting solution known in the
facade 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 facade installer or by electrician.

Sales & distribution strategies

Sales to facade installers, via dedicated solar distributors;

Sales to solar installers.

AR A NN RNNERE
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PV roof tiles (BMI)
Archetype 5.

Roof opaque, tiles, CIGS cells with protective layer

Metal roofing tile

Semi Fabricate
PV module

System features

BMI Monier is proposing a standard profiled steel roof tile with
a seamlessly integrated PV-laminate. The approach is taking the
existing profiled steel roof tiles and to use adhesive interface to
attach the flexible CIGS-based thin film PV-laminates.

Target market

Residential housing market;
Small commercial buildings with sloped roofs;
Newbuild and renovation;

Market primarily, but not only in BeNeLux region, where the
profiled steel roof tiles are more prevalent.

Customization possibilities

AeroDek steel tile:

-Current existing profile;

-Unique profile, so renovation segment is not so relevant;
-Roof tiles have standard roof material colours;

-Power output per tile depends on the tile size and PV-laminate
colour;

-AeroDek steel tile dimensions: +/-335 x 1200-1400 mm (WHxL).
Double-S tile:

-For BMI, the largest volume product, based on concrete and
ceramics;

-The adhesion of PV-laminate to concrete and ceramics
-Roof tiles have standard roof material colours

-Power output per tile depends on the tile size and PV-laminate
colour

Project integration procedures

Architectural design is done using standard architectural tools
familiar to the building roof designer;

Building energy designer can use energy simulation tools used
for residential building modelling;
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PV plant sizing using standard PV planning tools — for this a
standard PV tile datasheet is needed;

PV layout tool would be helpful, but an architectural model can
handle the PV-tile layout;

Mechanical parameters should be part of standard tile
datasheet, so an architect or a general contractor would be able
to select the appropriate tile for his roof.

Installation guidelines

The standard roof tile laying can be done by a roof contractor
The junction box cable connections between the PV-tiles are
plug-and-play, which allows the roofer to interconnect the PV-
tiles together, without electrician intervention.

Sales & distribution strategies

Sales to standard roof installers;
Sale to a PV installer if capable to install a standard roof;

Distribution directly by producer, construction material shop, a
dedicated distributor;

Direct sale to installer, client or project developer.
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PV IGU (G2P)
Archetype 7.

Facade transparent, window, back contact Si cells
Archetype 8.
Facade transparent, curtain wall, back contact Si cells

Archetype 9.

Facade transparent, double skin, back contact Si cells

T

System features Transparent photovoltaic insulating glass unit, designed to be integrated
into a prefabricated curtain wall element. The end-product is a three-
pane PV insulating glass unit (PV-IGU) based on the Quantum Dot-
Luminescent Solar Concentrator technology (QD-LSC). The double pane
unit is with a suspended film that acts as a concentrator or “Polymeric
Waveguide of Solar Light directed to the edges where a small-scale
conventional c-Si PV elements are installed. The suspended film acts as
an infrared cut-off to help with solar radiation control into the building.
Electrical terminals of the window are located on the IGU edges. The
suspended film is in single colour (red), as in the image above.

Target market The IGU can be considered as a standard in curtain wall market element
used in the industry currently. The applications are mainly commercial,
residential or other kind of buildings with curtain-wall facades.
Integration possible into prefab curtain wall units.

Customization possibilities Dimensions: IGU unit can be max 1500x2000 mm (with current
production process), but it will be increased until 1800x3000 mm soon.

Project integration procedures | By using a tool developed by G2P to support the planning stage of BIPV
installations

23

D3.3 — Market Archetypes report and competitiveness



Project funded by
Funded by 4 Joe
the European Union :

Architectural design:

-Simulation analysis (static or dynamic) performed with standard BIPV
tools

-Definition of IGU properties (thermal properties, coatings, sizing, etc.)
compatibility with the built environment (facade, windows, etc.)
Building energy design:

-Simulations of energy consumption (visual comfort, thermal comfort,
energy demand, etc.)

Photovoltaic power plant design:

-Electrical design (cable sizing, electrical safety, inverter sizing, BOS, etc.)

Installation guidelines The curtain wall and the window frames have to take in account the
passage of cablings required for the slat control and the PV energy
transportation.

Sales & distribution strategies | NA
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SOLAR WINDOW (iWin)
Archetype 10.

Facade transparent, window, back contact CIGS cells

Archetype 11.

Facade transparent, curtain wall, back contact CIGS cells

Archetype 12.

Facade transparent, double skin, back contact CIGS cells

System features The solution represents a building product in the form of compact and
multi-functional window. The active photovoltaic part is placed within
the glazing unit as a Venetian blind. The interior blind consists of
photovoltaic slats that can produce electricity out of the incoming
sunlight. The solar window aims to adapt to the environmental
conditions and to provide sustainable shading, control glare and the
incoming natural sunlight and the solar heat gain. The system isintended
to be used as a solar window which produces electricity.

Target market The technology is suitable to retrofit almost any type of conventional
windows in any building segment including residential, commercial or
administrative. The solar window meets the standard requirements for
windows in the construction sector.

Customization possibilities Maximum output voltage in the solar window 50V
Maximum reference output current in the solar window 5A
PV slats tilt angle range 0/75°

Min./Max. solar window width 380/3000mm
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Min./Max. Solar window height 300/3000mm
Glass spacer size 27/29/32mm

Solar window installation angle 90°

Blind control: motorized and manual

Solar window maximum area 5.25m?

IGU specifications according to industry standards

Project integration procedures | Architectural design:

-Simulation analysis (static or dynamic) performed with standard BIPV
tools

-Definition of IGU properties (thermal properties, coatings, sizing, etc.)
compatibility with the built environment (facade, windows, etc.)
Building energy design:

-Simulations of energy consumption (visual comfort, thermal comfort,
energy demand, etc.)

Photovoltaic power plant design:

-Electrical design (cable sizing, electrical safety, inverter sizing, BOS, etc.)

Installation guidelines Passage of cabling should be implemented according to the technical
specifications and design details of curtain wall and/or window frames.

Sales & distribution strategies | Value Added Resellers, VARs
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3 BIPV market demand

3.1 Introduction

The primary objective of this undertaking is to comprehensively address the go-to-market strategy,
specifically focusing onillustrating to stakeholders within the construction value chain—including end-users
and decision-makers—the market appeal of BIPV solutions. Our overarching aim is to foster active
collaboration between the PV sector and the building industry by presenting proven, business cases, a
roadmap for market entry, and key drivers that will facilitate the seamless integration of PV technology into
both buildings and infrastructure, transforming them into integrated products.

Building upon the foundation laid during the proposal phase, our project, now in its MC2.0 iteration, aims to
overcome the primary obstacle hindering the widespread adoption of PV technology, addressing additional
impediments like enhancing supply chain collaboration, resolving sustainability concerns, and addressing
certification issues.

3.2 Methodology — Survey description

In evaluating the demand for BIPV in the market, a comprehensive survey was conducted, targeting
stakeholders acrossthe BIPV value chain, as detailed in Chapter 4 “Stakeholders’ analysis”. Inthe Stakeholder
analysis activity 89 stakeholders were identified in the BIPV value chain with various roles at general project
stages. The interviewees were selected based on the goal to cover the stakeholder map completely, for a
comprehensive overview of the market demands for BIPV technologies.

The execution of the interview process was carried out according to the following methodology (in Figure 4
the schema of the methodology):

e 0,5min - 1,5 hr interviews. Free form discussion. Minute Reporting;
Obtain info about the Stakeholder:

a. General experience
b. Market and region they work in
c. Experience with BIPV (Professional, Knowledgeable or No experience)

Obtain input about key Stakeholders in construction (targeted for BIPV)

Obtain key requirements for BIPV products:
a. General requirements / parameters for BIPV products;
b. Per archetype analysed in MC2.0 - more technical input;

c. General input based on the interviewee experience / knowledge.

Obtain information about requirements to BIPV producers

e Overview of construction / BIPV market and trends

After the interview the responses from the interviewees is analysed and processed to create an interviewee
profile and extract the practical information useful to BIPV industry by showing the results as statistical
representation of the following key data:
e Identification of requirements for BIPV construction material:
a. Requirements for products (3.3.1)
b. Requirements for providers (3.3.2)
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e Identification of key stakeholders in a BIPV project (3.3.3)

e Key drivers in a project (3.3.4)

e Feedback on thin-film solutions (3.3.5)

e Feedback on product archetypes that have been developed as part of the MC2.0 project (3.3.6).

1.1 General experience
1. Info about 1.2 Market & region they work in
stakeholders 1.3 Experience with BIPV

a. Requirements for
products

b. Requirements for
2. Info about key providers
stakeholders in

construction

c. Key stakeholders
in BIPV projects

3.1 General requirements for BIPV products
3. Key requirements 3.2 Technical input MC2.0 end-products / archetypes
for BIPV products 3.3 General input based on experience

d. Key drivers in
BIPV projects

4. Key requirements

for BIPV producers e. Feedbacks on thin

film solutions

INTERVIEW METHODOLOGY: INPUT

INTERVIEW METHODOLOGY: OUTPUT

5. BIPV and f. Feedbacks on
construction market MC2.0 archetypes
overview

Figure 4 Methodology map.

Within the activity duration, 92 invitations for an interview were sent and 34 interviews carried out. 13
respondents refused and 45 did not respond or did not comply with the time constraints for the interview.
With the interviews carried out, 45 different stakeholders were engaged, and 13 geographical regions or
markets were covered (Figure 5). The interviewees were grouped according to their experience with BIPV
products into Professionals, Knowledgeable and Low-to-None experience. The distribution is shown in the
Figure 6. Out of total of 89 stakeholder types identified, 45 stakeholders were interviewed while 44 types
were not interviewed. This accounts to a 51% success rate and is considered acceptable for this activity (Table
2).
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Figure 5 Interviewees by market region. The macro regions (e.g. Europe, Scandinavia, etc.) represents the working area
of distinct stakeholders.

Interviewees experience with BIPV

B Professional
B Knowledgeable

I Low-to-None

Figure 6 Interviewee’s experience with BIPV.
Table 2 Interviewees by category.

Stakeholder category Total types Interviewed Success Rate, %
Clients / End users 5 4 80%
Government and Regulation bodies 15 2 13%

Finance and investors 5 5 100%

Raw material producers / Product manufacturers 21 7 33%

Design and engineering 10 10 100%
Construction 14 10 71%

Operation and Maintenance 5 2 40%

Demolition processes 8 3 38%
Renovation processes 6 2 33%
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In terms of stakeholder experience types and the distribution of the experience in BIPV, the coverage is
considered acceptable and representative of the market status, on the basis that the stakeholders
interviewed represent an equal distribution of expertise levels, assumed to be representative to that of a
construction industry. The regional coverage is mainly Western and Central Europe, USA and Canada. The
choice toincorporate additional regions than of the EU has been made to enhance the depths of the analysis.
The stakeholder types that are lacking representation are governmental, renovation, raw material producers
and maintenance professionals. The precise stakeholders’ types interviewed are shown in the Figure 6.

Stakeholders interviewed

Regulatory organizations for electrical safety

PV Cycle / SecondSol / Recycle

Maintenance companies (building opperation)

IGU producers

Financing organizations (banks)

Experts in fire safety

Contractors roof

Project manager electrical

Embodied energy / Carbon footprint evaluators

Contractors facade

Sustainability engineers

Contractors BIPV

Energy system designers / sustainability consultants

Facade Engineers

PV / BIPV engineers

0 1 2 3 4 5 6 7 8 9

Figure 7 Interviewee spread per category. Identification of key stakeholders in the value chain in 3.3.3.

3.3 Results — User needs

The responses, documented in the form of interview minutes, were gathered and subsequently processed
by SUPSI. Different stakeholders were willing to focus on points they were more comfortable and competent
to give input on, which contributes to the legitimacy of the findings and data. The following chapters are
based on the results obtained through the survey and processed afterwards.

3.3.1 Requirements for BIPV products

Among the 34 interviewees representing 45 stakeholder types, a comprehensive analysis revealed the
identification of 17 distinct requirement groups. Notably, the most frequently cited requirement pertained
to aesthetic considerations for BIPV products, garnering mention 49 times. Following closely, cost emerged
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as a salient factor, being referenced 44 times and thereby classified into the top-tier group (Tier 1 in Figure
8).

The second tier comprised a range of requirements, each receiving considerable attention during the survey
process. Certification, code requirements, and standards, along with durability and quality considerations,
were all mentioned between 19 and 16 times by participants. Additionally, aspects such as datasheets,
support, and education, as well as electrical and fire safety, efficiency, functional performance, and
compatibility with standard construction materials were all highlighted within this tier.

Swiss Confederation

Moving to the third tier of requirements, interviewees expressed varying degrees of emphasis on structural
performance, sustainability, logistical solutions, maintenance and replacement needs, warranties, energy
management solutions, references and marketing strategies, and cabling solutions. These aspects garnered
mentions ranging from 9 to 3 times, reflecting the diverse landscape of priorities within this category. In
Figure 8 the product requirements taken from the interviews.

Tier 1 Product requirements

Figure 8 Product requirements ordered from the most cited during the interview.

A key product requirement triangle was identified and shown in Figure 9, which involves an iterative
optimization process to achieve acceptable cost, functional performance and design compromises. As part
of an advice to the BIPV value chain, it is important to acknowledge, that a BIPV integration into a building is
a set of compromises, that every stakeholder has to make, which can look as for example — increased cost,
due to increased visual look, but reduced energy output, due to not optimal shapes and coloured front glass,
thus longer ROI, etc. The goal of a BIPV designer is to find the optimal point and/or stop the iteration process
and some point where the global compromise is acceptable to all stakeholders involved in the design and
decision-making process. And in the design of a BIPV product case, the weighting factors for BIPV product
requirements are based on the number of times a certain requirement was mentioned in an interview
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process. Table 3 presents the matrix product requirement/stakeholders, delineating the correlation between

product requirements and the stakeholders who referenced them in the interview.

Initial
investment

Aesthetic and Electrical output
integration ROI

Figure 9 A “requirement triangle” for BIPV product as identified by the interviewees
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Table 3 Matrix Product requirement/Stakeholder. The results are taken from the interview results. Source: SUPSI.
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Aesthetics of BIPV product seems to be the key requirement. The parameters that define the aesthetics are:
e Colour and visual perceptions;
e Shapes;
e Size flexibility;
e Formats;
e Solutions for dummies;
e Texture of material;
e Customization ability;
e Design flexibility;
e Fit in with the global design of the envelope;
e For IGU —the packing factors, shade patterns in the building and transparency of the unit

Product requirement 02: Cost

The interviewees highlighted the cost as the second most frequently mentioned parameter. However, it is
crucial to recognize that the expectations regarding cost vary significantly depending on the type of
stakeholder, geographical location, and the specific technology involved. It's important to note that the data
gathered primarily reflects the expectations of the stakeholders. It is noteworthy that a significant portion of
the interviewees referenced cost without providing explicit details on the acceptable Return on Investment
(ROI) or the perceived value. The determination of an acceptable cost by end customers is influenced by
complex, interconnected factors and requirements. Consequently, the decision-making process regarding
what constitutes an acceptable cost is intricate and multifaceted. Some precise statements in no particular
order were as follows:
e Cost at 200 Euro/m? only for BIPV glass (Facade designers, USA market, Facade cladding);
e Cost of<0.4 Euro/Wp (Architect, Benelux and France markets, general BIPV products);
e Key parameters are Euro/m? and Euro/Wp (PV/BIPV engineer/installer, market CH, BIPV products);
e ROl around 7-8 years for cladding (Developer, BIPV system owner, Norway, Facade cladding);
e ROl within the timeline of the product (25-30 years) (Structural/Facade engineer, German market,
BIPV facade products);
e ROI <50 years (Sustainability/PV/BIPV engineer, Canada, General BIPV products);
e Energy and cost paybacks within 10 years (Developers, Canada, General BIPV products);
e For Facade — costincrease x2 to standard PV is acceptable (PV/BIPV installers/engineers, Norway,
general BIPV products);
e ROl <12 is acceptable (PV/BIPV installers/engineers, Norway, glass/glass BIPV fagade);
e Cost—max double to a standard glass fagade (General contractor/ Fagade installer, Scandinavia,
Glass/glass BIPV facade);
e ROl of standard PV materials (Architect, Canada, General BIPV products).

Product requirement 03: Certification, Code requirements and Standards

The 3™ most common requirement according to the survey was the compliance of the PV products to
adequate IEC standards and certifications. The requirement to comply with regulations related to building
norms, like safety glass and other is mandatory. Within this project, the thin film solutions are inherently not
a laminated safety glass, as in a standard c-Si BIPV product case, so the compliance to adequate norms are
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imperative for construction value chain. The outcome of the survey was a count of various requirement
mentions by stakeholders. The product compliance to adequate norms and standards is mandatory.
However, for an innovative BIPV product to enter the market or be accepted by construction value chain, as
is observed from the survey results, it is not a key requirement. Basically, if the product does not satisfy
aesthetic and cost requirements of the stakeholders in a project, the conformity to codes is not going to have
the adequate impact to product appeal.

Product requirement 04: Durability and Quality

This requirement is essentially a conclusion of the functional and structural compliance to norms, which is an
expectation of the BIPV product to have adequate durability, mechanical stability, UV resistance, adhesion
quality and comparable to standard construction materials lifetimes or at least >15 years. The key
observation is that, for example, if a product that satisfies IEC norms for photovoltaic modules, potentially
might not achieve a necessary durability and quality requirements expected fora premium building envelope
material. This is indeed a psychological parameter, since the motivation to use a BIPV material on a building
envelope is not always rational, but rather emotional. If a client is ready to pay for a premium material, the
expectation is to receive a premium product, not simply a solution that “complies to norms”.

Product requirement 05: Datasheets, Support and Education

This requirement group basically covers the need of the construction value chain to easily obtain any
necessary information about the BIPV product during any project stage. The mentioned topics include
product technical data, like datasheets, mounting instructions, good brochures, to be cross-confirmed in the
construction value chain, to be inserted in standard collaborative design platforms, ability to obtain samples
quickly, high level of technical support.

Product requirement 06: Fire and Electrical safety

Safety, a critical parameter within the Code Compliance (Group 3), has been intentionally singled out due to
the significant emphasis on fire and electrical safety in BIPV products by the interviewees. The intricacies of
fire safety standards (local regulations) pose a multitude of inquiries from both project developers and
clients, necessitating dedicated attention as a separate requirement. Fire and Electrical safety requirements
must be addressed for any BIPV product. Indeed, the module safety is covered by IEC norms. However,
building designers, fagade engineers and other stakeholder that deal with risk management in a construction
project, tend to put extra caution on materials they have no experience with. A BIPV product is still a niche
solution, and education, clarity and high-level support is important, when dealing with inexperienced
stakeholders in a construction project to be able to provide the necessary support to eliminate the real and
“imagined” risks that are caused by BIPV product nature.

Product requirement 07: Efficiency

Surprisingly, the electrical efficiency was not a top parameter for a BIPV product, according to this survey. It
can be understood, that an expected low ROI, which is a Cost parameter, depends on the adequate installed
cost and the energy output of the product.

Product requirement 08: Functional performance

Functional performance of the BIPV products shows to be a tier 2 requirement for BIPV products. The key
functional requirements are adequate thermal performance, water tightness, handling of loads, ventilation
anti-glare, and transparency.

Product requirement 09: Compatibility to standard materials
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The last of the Tier 2 requirements according to this survey was the compatibility to standard construction
materials. The requirements mentioned were the need for simplicity, compatibility, easy to mount, actlike a
real building material, installation with standard qualification labour, clear definitions of responsibilities
during the installation.

Product requirement 10: Structural performance and Mounting

The 1%t of tier 3 requirements for a BIPV pertained to structural performance and mounting specifications.
This requirement group was specifically highlighted by interviewees, underscoring the importance of the
product's ability to be easily mounted without imposing additional responsibilities or supplementary tasks.
The emphasis was on leveraging common knowledge within the construction industry.

Product requirement 11: Sustainability

Sustainability is quite important parameter, which was mentioned 8 times in the interview process. The
requested parameters were good carbon paybacks, at least within 2-3 years and recyclability.

Product requirement 12: Logistical solution

Logistical solution, which covers the necessity to manage the quality of logistics and prevent damage during
the delivery process and mainly good delivery terms that are acceptable in construction industry.

Product requirement 13: Maintenance and Replacement

The need to get replacement or spares of the BIPV product and ability to adequately maintain the installed
BIPV system on a building was mentioned 7 times during the interview process.

Product requirement 14: Warranties

The warranty parameter was mentioned 6 times in the survey. The acceptable warranties depend on the
market and normally approved depending on the local construction material standard warranty conditions.
For example, in Norway a 5-year warranty is accepted, since this is a standard construction industry warranty
period. In other places, minimum 12 years is needed.

Product requirement 15: Solutions for energy management

A tier 3 requirement which is a more systematic requirement related to renewable on-site produced
electricity management, which can be applied also to standard PV installations. There were 5 mentions in
this category, which mainly were related to need for adequate monitoring, ability to address the electricity
management solutions, like electricity storage, maximising auto consumption, peak shaving and ability to
integrate the energy producing building material into the building operation strategy.

Product requirement 16: References and Marketing

Atier 3 requirement was the need to have adequate references as a result of appropriate marketing. Cultural
acceptance in the target market is important, with a mention that the project origin plays a role in that.

Product requirement 17: Electrical works

The requirement to address the wiring issue was mentioned 3 times, which is a part of a global integration
strategy. This task can become problematic, if the stakeholders in the project do not have the right team to
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execute the project or the provider of the product is not able to adequately support to construction
consortium within the project.

3.3.2 Requirements for providers

In contrast to standard photovoltaic, the value chain involved in a construction project using active building
materials is very large and diversified. These stakeholders include also same players engaged in the execution
of a traditional building envelope. However, a distinguishing factoris that each participant in the chain must
acquire supplementary knowledge pertaining to photovoltaic technology and its associated implications. This
project-oriented approach requires different skill sets as the one required in the traditional PV industry.
The BIPV product supplier needs to possess the ability to understand both the PV and the construction
industries at a high level to be able to provide value to a construction industry both at specialist level on the
PV part and at an adequate level related to the construction project processes related to:

e Bankability and risk mitigation

e Value proposition

e Adequate industrial level services related to technological and project participation criteria’s

e A business model that addresses the standard construction process steps and lead times

e Ability to consult, provide high quality service and give trust to the project partners

e Ability to comply with necessary technical requirements, certifications and standards applicable to

their market segment

From survey result statistical distribution of the requirements were grouped into 8 general groups. The first
one is “Ability to demonstrate trust to the market”, which was mentioned 22 times and was considered as
tier 1 requirement for the producer according to the survey results. The “Adequate business model” (18
mentions), “High level expertise” (16 mentions), “Clear product offering” (15 mentions) and “Support” (14
mentions) were considered as tier 2 requirements for producers according to the survey results. And tier 3
requirements were “Commitment to education” (9 mentions), “Delivery terms” (5 mentions) and
“Commitment to sustainability” (4 mentions). Below is the breakdown of each requirement group in detail
(Figure 10 and Table 4).

Tier 1 Requirements for BIPV producer
2> | Tier 2
20 A
15 Tier3
10
~N

5 .

: N N
Give trustto  Adequate High level Clear product Support Commitment Dellvery terms Commitment
the market business expertice offering to education to susainability

model /
visibility

Figure 10 Requirements for BIPV producers based on the mentions by the interviewees.
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Table 4 Matrix provider requirement/Stakeholder. The results are taken from the interview results. Source: SUPSI.
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Provider requirements 01: Give trust to the market

According to the survey results, the key requirement by the construction value chain is the ability to give
trust to the market. The parameters to do that were as follows:

e Brand reputation in the market

e Financial stability

e Ability to demonstrate the value of their product

e Demonstrate the ability to give warranty, support and replace products in case of failure
e Be part of a reliable consortium with a digital strategy

e Enter the market either with a known reliable partner or an excellent value proposition.

Provider requirements 02: Adequate business model and Visibility

The tier 2 requirement for the BIPV provider is an adequate business model and visibility, according to the
survey results. The parameters are included in this category are as follows:

e Must work like a standard construction company and approach the right stakeholders in marketing
and commercial stages

e Adequate marketing and communication

e Potentially be part of larger construction product company

e Adequate approach to product applicability, which in turn results in proper value proposition

Provider requirements 03: High level expertise

Another tier 2 requirement group for BIPV providers is called High level expertise. This group includes the
following key requirements according to the survey:

e Targeted high-level expertise, like in facade, project management, energy or photovoltaic fields

e Ability to propose high range of services related to BIPV, construction or project management fields

e Ability to consult on high range of technical problems, due to the nature of the BIPV produces
(power, building physics, safety, lighting, thermal, energy, etc)

e High level of understanding of their product performance, testing, certification, innovation.

e Ability to manage solutions, cost, risks and give trust to stakeholders

Provider requirements 04: Clear product offering

The requirement to have a clear product offering is related to ability to demonstrate high level and clear
technical information about their products, like datasheets, technical specs, exist in databases, catalogues
and be referred in the industry.

Provider requirements 05: Support

The last of the tier 2 requirements for the BIPV product supplier according to this survey is Support, which is
in principle an emphasis on the expertise of the BIPV product supplier. The main requirements are basically
to participate in the project as a key interface between BIPV industry and standard construction companies,
bridging the gaps between technical understanding limitations of non-expert stakeholders. Also, support can
be delivered in digital tooldevelopment, interfaces or plug-ins in standard tools used in construction industry,
ability to give on-site support, installation manuals.
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Provider requirements 06: Commitment to education

Tier 3 requirement for BIPV supplier is the Commitment to education. According to the interviewees input,
the main means of this commitment is:
e Education of the construction value chain
e Production of reports on best cases with long term performance data
e Exposure of the state-of-the-art BIPV knowledge to central organization in the construction value
chain and other
e Exist in central databases accessible to companies and used by architects and specifiers.

Provider requirements 07: Delivery terms

A separate requirement for the companies was the ability to guarantee stable, precise and reliable delivery
terms forproducts, samples and replacement. Different markets, projects and technological solutions require
different lead times. It is important to be able to guarantee these delivery terms, which in turn is hinting
towards the size of the producer requirement.

Provider requirements 08: Commitment to sustainability

The last requirement group based on the amount of mentions in the survey is the producers Commitment to
sustainability. This is presented in a form of ability to provide Environmental Product Declaration (EPD)
statements, Lifecycle analysis and give reliable environmental data of the product. It was requested that a
local producer would be prioritized in these kinds of projects.

3.3.3 Identification of key stakeholdersinthe BIPV Value Chain

The adoption of BIPV as Photovoltaic Building Materials is driven by the many professionals
involved in a construction project — from planning to financing to realization. The interview process resulted
in identification of key stakeholder groups in a BIPV value chain and is shown in the image below. According
to the interviewees mentions the key stakeholders in the BIPV project process are General, Fagade or Roof
contractors or installers, with a mention of 33 times. The second most mentioned group was covering the
Client and Project owner, with 32 mentions by the stakeholders interviewed. These two groups are
considered tier 1 stakeholders, according to the survey data.

The tier 2 stakeholders in a BIPV Value chain are as follows — Architects (with 24 mentions), PV/BIPV
consultant, engineer or installer (with 22 mentions), designers and engineers (with 16 mentions), Regulators
and authorities (with 13 mentions), Electricians (with 10 mentions).

The last tier stakeholders according to the survey data are Financing partners (mentioned 8 times), Fire safety
experts (mentioned 3 times), energy experts (mentioned 2 times) and raw material suppliers (mentioned 2
times). The breakdown of these results is sown in the Figure 11.
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Figure 11 Key stakeholders in a BIPV value chain according to the survey results.

According to the interview process a key stakeholder triangle was identified, that drives a BIPV project and
is shown in the image below. Essentially the design process is an iterative process between finding the
optimal compromise between cost, aesthetics and functional parameters like electrical energy output to
have acceptable ROIs, or it can be an adequate thermal performance if it is the case for IGU solution, for
example. In turn this creates the key stakeholder triangle in a BIPV design process, which corresponds a bit
to the requirement triangle. The stakeholders in it are Clients / End user / Investor then The Designers (like
architects, engineers and energy consultants) and the third part stakeholders are BIPV product suppliers,
which are responsible to delivering the adequate solution and satisfy the client / designer requirements with
their technical solution and adequate value proposal (Figure 12).

Client/End user
Building owner

Architect, engineer, Raw material
consultant BIPV
Figure 12 The “key stakeholder triangle” in a BIPV development process according to survey data.
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3.3.4 Key driversin a project

The key drivers of BIPV adoption in a project were also split into 3 tiers according to survey data extracted
from the answers of the stakeholders in a construction value chain. During the survey the interviewees gave
input based on their previous experiences with a BIPV or other construction project development, theoretical
and practical knowledge. The various answers were grouped into general categories and the interviewee
responses are elaborated later in this section. The key driver group tiers are seen below in the image are
separated based on the amount of mentions during interviews a driver in a project was mentioned. We define
the key driver in a project as a main motivation of the stakeholders to apply or consider applying a BIPV
product in a project and it covers any requirements for product and producer from technical to support
quality (Figure 13). Table 5 presents the matrix key drivers/stakeholders, delineating the correlation between
key drivers and the stakeholders who referenced them in the interview.

Tier 1 Key drivers of BIPV adoptionin a project
25 /_/‘\ Tier2
20 - -
AN Tier 3
15 - - O\
10 T / \
5 | . .
Sustainability  Energy Corporate / Economical Incentives/  Building Innovation Design Technical
targets  Client Image motivation subsidies standards objective superiority of

BIPV to
standard
materials

Figure 13 Key drivers of a BIPV adoption in a project according to survey data. The Y axis is the number of mentions in
theinterview process.
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Table 5 Key drivers/Stakeholder. The results are taken
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Key driver 01: Sustainability

Oddly enough, the least mentioned requirement fora product and producer is the key driver in a BIPV project
— Sustainability. According to the survey results, interviewees mentioned that sustainability, CO2 emission
reduction, green labels, low carbon-emission construction, climate change, corporate responsibility and
other similar reasons were the key drivers in a BIPV project. This is indeed a promising result showing that
the construction industry is clearly understanding the importance of low-carbon footprint construction
material necessary in their business. The challenge is most likely to the producers and designers to match
that driving force to deliver or at least demonstrate that the current BIPV solutions are already low carbon.

Key driver 02: Energy targets

The tier 2 key driver in a project was called Energy targets with 17 mentions by the interviewees in the survey
process. The energy target group covers the on-site electricity production parameter, which results in
electricity savings, fossil fuel consumption offsets and contributes to Net-Zero targets. High on-site
renewable energy production is basically a key tool for the decarbonisation of the construction sector.

Key driver 03: Corporate and Client Image

The second tier 2 driver in a BIPV project is called Corporate / Client image or “greenwashing” with 14
mentions by the stakeholders in the survey. The main mentions were corporate image, brand image,
greenwashing. This is also a marketing statement for a facade company or a fagade installer, to be able to
demonstrate that they have the necessary competences to work with advanced envelope technologies as a
sign of high-level qualification and problem-solving capabilities for potential future or current demand.

Key driver 04: Economical motivation

The last tier 2 driver in a BIPV project with 14 mentions was Economical motivation, which stands basically
for ROI’s. Other drivers in this category are:

e Marketing means — which is free electricity to potential renters

e Increased value of the building or assets in the real estate portfolio
e Increased profitability due to lower operating costs

e Reduction of rent to potential renter due to lower operating cots

Key driver 05: Incentives and subsidies

The tier 3 driver in a BIPV project with 8 mentions is Incentives and Subsidies.

Key driver 06: Building standards

Building standards with 8 mentions is also in the 3™ tier key driver category. This group covers the following
drivers to use a BIPV in a construction project:

e Laws and regulations promoting sustainability and energy efficiency;

e Investment in higher quality building to counter the increasing regulations in the future
e BREEAM ratings (Building Research Establishment Environmental Assessment Method)
e Higher standards and codes for building construction

The main motivation of project developers is not to produce electricity with BIPV. Their need is more about
compliance with standards on the energy efficiency of buildings. A building that complies with current
standards or already complies with future standards is a building that has a better value on the real estate
market. The increase in value of an active building is greater than the cost of the investment to make it active.
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Key driver 07: Innovation

Innovation as a driving force in a BIPV project was mentioned 4 times. The driver in this case was the objective
to have a modern building, to use an innovative product and in some cases the architects are curious to apply
an innovative material.

Key driver 08: Design objective
The design objective to use BIPV as a driving force was mentioned 4 times in the survey. The drivers were:
e The building concept was to have a glass envelope;
e The building concept is either a net-zero building or a certain kind of statement resulting in a
certain design objective
e Some clients request the architect to use glass or BIPV, and sometimes the architects specialize in
building with BIPV as their added value proposal.

Key driver 09: Technical superiority of BIPV to standard materials

An honourable single mention of the aesthetic superiority of an active building material is the least
mentioned driver in a BIPV project.

3.3.4.1 Legislative framework of the European Union

As mentioned above, sustainability is becoming a key factor for stakeholders in applying a BIPV product on
building envelope. Regional and EU level governments are key stakeholders in construction value chain. The
building sector is crucial for achieving the EU's energy and environmental goals since it accounts for
approximately 40% of EU energy consumption and 36% of the greenhouse gas emissions. Buildings are
therefore the single largest energy consumer in Europe. And in turn, the BIPV has a potential to be one of
the solutions for decarbonizing the building sector.

To boost energy performance of buildings, the EU has established a legislative framework that includes the
Energy Performance of Buildings Directive 2010/31/EU (EPBD) and the Energy Efficiency Directive
2012/27/EU. The guidelines cover both new buildings and renovations. Since the 7t" of December 2023, these
directives were amended and a provisional agreement on the recast will go through the formal adoption
process in early 2024. Generally, key elements are the EU's commitment to modernise the building sector in
the light of technological improvements, of which the use of photovoltaic technology in buildings is an
essential part.

Advanced building materials will improve the energy efficiency of buildings and reduce the carbon footprint
of these materials. This represents an opportunity for glazing materials since the integration of photovoltaic
technologies makes them cleaner products.

Itis important to note that the regulatory framework set by the EU is specifically favourable to the emergence

of a significant BIPV market in Europe. In addition, the EU has set targets for renewable electricity generation,
which will amplify the growth of the market of the traditional solar panel industry.

The market drivers of the solar panel market and the BIPV market are quite different. The motivations of the
customers are different as well as the profitability horizon of investors. While investors in solar panels will
look for a return on investment in the order of 8 to 12 years, real estate investors using active building
materials will base their decision on increased profitability due to lower operating costs and a higher value
of their assets on the real estate market.
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3.3.4.2 Market drivers

Thanks to the favourable regulatory framework, it is considered that EU support programmes aimed at
improving the performance of buildings are one of the main market drivers. This strong and long-term
strategy will serve the activities of BIPV.

Buildings will require major renovations where items such as walls and roofs will need to be replaced,
creating many opportunities for the installation of active buildings as soon as the industry is able to offer
them on a large scale.

It also applies that all new buildings must be nearly zero-energy buildings (NZEB) from 31 December 2020.

According to the provisional agreement done on the 7th of December 2023, “the revised directive will
make zero-emission buildings the new standard for new buildings. Under the agreement all new residential
and non-residential buildings must have zero on-site emissions from fossil fuels, as of 1 January 2028 for
publicly-owned buildings and as of 1 January 2030 for all other new buildings, with a possibility for specific
exemptions. Member States will also have to ensure that new buildings are solar-ready, meaning that they
have to be fit to host rooftop photovoltaic or solar thermal installations. Installing solar energy
installations will become the norm for new buildings. For existing public and non-residential buildings solar
will need to be gradually installed, starting from 2027, where this is technically, economically and functionally
feasible. Such provisions will come into force at different points in time depending on the building type and
size.” In order to achieve a zero-emission building, in case the rooftop photovoltaic capacity is not enough a
facade BIPV systems can be used.

Electro-mobility, which is largely promoted, adds another reason for commercial buildings to integrate PV
technology into their envelope or to create PV constructions like carports or PV glass constructions.

Other market drivers are listed below:

e Insome cases, higher energy standard buildings worth more, which encourages real estate
developers to opt for solar-powered building

e Financial markets turn green as a result of societal changes and the integration of environmental
costs into financial models

e Corporate social responsibilities foster demand for green and local energy generation

e Active building materials offers superior aesthetics and creates brand image

e Energy positive buildings generate revenue and attractive cost/effectiveness

3.3.4.3 Value propositions

Products and services create value for the customer. The value proposition describes the reason why
customers come to one company rather than another. It represents the benefits that it offers to the
customers. It answers the questions: which needs does the BIPV company is satisfying?

The product offered is a material in all shapes and colours to be integrated into the building skin. However,
the value proposition is concerned with the problem that it solves.

In other words, the prime value proposition to all stakeholders is to help them make their community carbon-
free.

Specific value proposition tailored to the needs of each stakeholder must be addressed, for example:
e Shareholder —ensure sustainability of their investments in the face of climate change risks.
e Board of Directors / CEO — promote the organization as a pro-active and responsible actor in its
community.
e CFO - establish a sound return on investment while adopting active building skin
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e CMO —provide the organization with new and innovative corporate branding opportunities.

e Architect — educate and enable architects in balancing functional, financial, operational and
architectural constraints.
e Real estate developer — educate and support real estate developer in its adoption of cost-effective
carbon neutral solutions.
e Construction / Glass OEMs — educate and help solve engineering challenges at manufacturing,
assembling and installation stages.
e Financiers — educate and help design financing structures for carbon-neutral solutions.
Each stakeholder with a custom set of expertise and know-how relevant to its agenda and business need
must be satisfied, as they pursue a BIPV or carbon-neutral project in the building industry.

The main source of revenue is the manufacturing of PV products but also to be a trusted partner from idea
inception to project completion, without, however, bearing the responsibility of the project execution.

3.3.5 Feedback onthin film solution

This chapter includes the insights garnered from interviews concerning the thin film solution. Itis structured
into three parts: advantages, disadvantages and opportunities, derived from the responses obtained during
the survey interviews. It is essential to acknowledge that the findings are drawn from the perspectives of the
34 stakeholders who participated in the interviews. The results may not be universally applicable and should
be contextualized.

Feedback on thin film 01: Advantages

The stakeholder interview emphasized several advantages of thin film technology, positioning it as a key
solution to maintain the competitiveness of the EU solar industry on a global scale. Notably, the technology
boasts a low environmental impact, aligning with sustainability goals. The advantage of its lightweight nature
was underscored, offering a dual benefit of ease of handling and reduced structural load requirements.
Furthermore, if the thin film technology is entirely produced within the EU, it could potentially attract
substantial support from the EU government. Another significant advantage identified was the absence of
micro-cracks, contributing to the overall durability and reliability of the technology. The flexibility of thin film
technology emerged as a key asset, providing adaptability in various applications. Stakeholders noted that
this technology particularly aids in addressing snow loads in the northern regions of the EU. In summary, the
interview elucidated the multifaceted benefits of thin film technology, ranging from environmental
considerations to practical applications.

Feedback on thin film 02: Disadvantages

During the stakeholder interview, few disadvantages associated with thin film technology were highlighted.
One notable concern is its efficiency, as some interviewee expressed a preference forcrystalline silicon (c-Si)
technology over thin film due to superior performance. Another issue is the limited number of producers,
raising concerns about the availability and variety of thin film products. Custom sizing emerged as a potential
challenge, with few stakeholders citing difficulties in obtaining thin film solutions in non-standard
dimensions. The scarcity of companies in the market was identified as a risk factor for clients, particularly in
terms of future warranty and replacement issues. Life-cycle challenges were also a focal point, with
stakeholders expressing concerns about material failures attributed to various environmental factors such as
hail, lightning, snow, sun exposure, and UV radiation. In contrast to standard c-Si modules, thin film modules
were considered less straightforward to replace, potentially leading to whole system failures arising from the
malfunction of individual modules. Some stakeholder appointed high maintenance requirements that further
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diminished the attractiveness of thin film technology, especially in applications involving building integration.
Delamination emerged as a significant concern, highlighting the importance of efficient and timely
replacements to mitigate potential issues. Overall, these insights underscored the disadvantages associated
with thin film technology as perceived by the interviewee.

Feedback on thin film 03: Opportunities

Stakeholder insights on thin film technology reveal opportunities contingent on project requirements. The
adaptability of thin film applications may facilitate the overall application process. Noteworthy concerns
were raised about the environmental impact of CIGS and CdTe in comparison to crystalline silicon c-Si.
Stakeholders emphasized the imperative of demonstrating both low cost and minimal environmental impact.
A significant aspect discussed during the interview was the pursuit of local electricity generation in close
proximity to building facades, driven by the lower output of thin film technology. This localized approach
aligns with the goal of optimizing energy supply for immediate needs. Beyond traditional building
applications, stakeholders contemplated the broader potential for thin film technology, envisioning
applications in areas such as automotive and infrastructure. However, challenges were identified, particularly
when adhering thin film directly to metal or roof membranes. Concerns include managing overheating on
the rear side and addressing wind loads. Moreover, when directly affixing thin film to roof membranes,
compliance with fire safety norms becomes a critical consideration, necessitating the maintenance of a
minimum distance to the roof for safety adherence. This perspective from stakeholders underscores the
multifaceted nature of thin film technology opportunities and the need for comprehensive solutions to
address associated challenges.

3.3.6 Feedback on MC2.0 archetypes

The stakeholder feedback on the archetypes analysed in this project was collected. The same approach as in
the previous chapter was used, to draw the conclusions on the observed advantages, disadvantages and
opportunities for the given 4 archetypes The survey interviewees responses are summarized in the further
section.

Archetype 1 — PV Facade observed advantages were in line with the responses on thin-film solutions — the
advantage of low weight, which allows easier installation due to module handling and lower dead load on
the wall structure. Other advantages were related to the fact, that the aluminium cassette solution is a
familiar mounting solution forfacade builders, which could lead to easier adoption in construction projects.

Some disadvantages that were mentioned are cabling complexity related to lower voltage of CIGS, a solution
for dummies is mandatory to finish the facade, a single colour could be a limiting factor, solution for vertical
gap water tightness, the format of the cassette might be not optimal due to length of the panel, much low
power output if compared to crystalline silicon modules, the metal cassette seems to be a bit too advanced
for the target market, application limitations.

On the other hand, the opportunities are as follows: if appropriate marketing and value proposition is

demonstrated, the right application with the right cost targets are selected this kind of solution created some
positive emotions from the interviewees.

Archetype 5 — PV roof tile had some clear positive feedback on the fact that the steel roof profiles are a well-
known roofing solution and can be easily adapted by standard roof installers. The looks were also that of a
standard curved metal roofing due to the flexible film bonded to the metal profile. Another advantage is that
it is easy to understand the economy behind such a solution and can simply be an investment decision for a
potential client. Also, the advantage is that the CIGS film is walkable and lightweight.
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The disadvantages are as follows: due to the size and the type of PV technology, wiring could be an obstacle,
electrical safety of metal sheets, the replacement procedure, the curved shape is rising a risk due to adhesion
quality and the CIGS is sensitive to shading.

The market opportunity for this kind of solution is for building renovation applications, for markets where
metal roofing is common, this could be an alternative product. The opportunity exists if the costs and ROl are
acceptable for these markets.

Archetype 7, 8 and 9 — PV IGU was identified as clever smart building material with the opportunity to
provide the electricity for appliances near to the fagade. The disadvantages noted were lack of technical data
about the product, potentially the PV area is too small, concerns about cabling, not obvious advantages over
fritted windows, could be challenging if a project has many sizes, and not enough information about the cost
and embodied carbons.

The opportunity for this solution identified by the interviewees was that this product could be promoted as
a smart building material with PV as an add-on and could be promoted as a part of an intelligent facade
solution. It would help to be associated with a bigger construction material producer, since the stakeholders
for these applications will probably be looking for warranties, trust, certificates and guaranteed delivery
terms. Other challenge is the visual performance due to the polymeric film, which can be an opportunity as
well, but more data needs to be available on standard IGU characteristics, like U, SHGC, visual transmittance
and the electrical parameters of the PV part, among other parameters.

Archetype 10,11 and 12 - Solar Window advantages are that it protects the venetian blind slats and PV
elements from high wind loads, UV and other environmental loads since it is inside the IGU cavity. This in
turn means, that it could be a promising solution for BIPV for high rise buildings.

The noted disadvantages were as for the PV IGU, lack of thermal and electrical data and datasheets of the
product, which is necessary for feasibility studies. The identified risks were potential mechanical failures of
the active components inthe blind system, not clear about the budget stability forbuildings with high number
of IGU dimensions thus expected risk of high cost. From thermal performance of the perimeter zones point
of view, exterior blinds demonstrate better heat removal factorand in terms of BIPV integration on fagade,
the assumption that the stakeholders interviewed were drawing, is that the opaque area BIPVs are much
easier to integrate.

The interest from the stakeholders was clear which in means there is an opportunity for Solar Window, but
the key is to provide high level, clear and standard datasheets, installation manuals, warranties and
potentially certificates, which were requested by the interviewees. The physical and operation parameters
need to be clarified. Some stakeholders mentioned, that being a part of a bigger glass provider would expose
this solution to more estimators and architects, since it is crucial to allow the designer to choose the
appropriate window-to-wall ratios and evaluate the overall facade performance at an early stage of a project,
to select the appropriate technologies. Some stakeholders mentioned that long term warranties would be
expected with roughly 200 Euro/m? increase in cost if compared to a solution without PV that results in a ROI
of max 20 years.

3.4 Conclusions

Assessing the size of the market and its growth potential is a very difficult task. In recent years, numerous
market research and industry analysts like Bloomberg, Grand View Research Inc., Global Industry Analysts
Inc., n-tech Research, PVsites.eu, the IEA (International Energy Agency) and other renowned universities have
all made predictions of exaggerated growth and market size. There are several reasons for this:
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e There is no unanimity on the definition of the term BIPV which makes studies unreliable and

inconsistent

e There is a great deal of confusion about the industry behind BIPV. Market share statistics are too
often derived from the Solar market.

e Despite its enormous potential, the building materials industry incorporating photovoltaic
technology remains a nascent industry, poorly structured and still in search of a mature and
sustainable business model.

From the survey analysis several key parameters for BIPV products and their producers were identified. The
parameters were requirements for BIPV products, requirements for BIPV providers, identification of key
stakeholders in the BIPV value chain, key drivers in a project and feedback on the thin film BIPV product
solution and feedback on the archetypes analysed in MC2.0 project.

It is important to address the limitation of this kind of survey by acknowledging that the amount of
stakeholders interviewed in these interviews was not covering fully the global or even the European
stakeholder map, but rather some key members of various markets, like Scandinavia, Germany, Benelux,
Switzerland, etc were interviewed. Out of total of 34 interviewees, it was identified, that both the
stakeholders’ expertise levels, geography and type was enabling to sufficiently cover the global stakeholder
map to obtain confident results. It is assumed that the selected interviewees were high level professionals in
their fields and were representing the market adequately. However, it is important to acknowledge that for
statistical accuracy purposes a full stakeholder map coverage per selected market would be a logical next
step to improve the survey results and get a better overview of the key parameters analysed within this
Market Demand task for BIPV and Thin-film BIPV products.

The key results can be interpreted in various ways. For example, according to the survey the key parameters
for BIPV products are Aesthetics (1st), Cost (2nd), Certification and Compliance to norms (3rd), High Quality
(4th) and Clear available technical data (5th). These are quite self-explanatory and obvious requirements that
are imperative to address in a BIPV product development and are confirmed by the market demand survey
analysis. What is important, is to overlay these requirements for the product with the requirements for the
producer, since a lot of times a new BIPV player in EU market is a small start-up. The requirements for the
BIPV producers are ability to give trust to the market (1st), have an adequate business model and be visible
(2nd), demonstrate and deliver high level of expertise for partners (3rd) and to be able to give a clear product
offering (4th).

Linking these results can be an interpretation and somewhat subjective depending on various parameters of
the BIPV producer profile and their offering, but itis undeniable that the market demands a trustable supplier
that is able to deliver a product with an acceptable cost, aesthetics and adequate quality product with clear
description of the offering and high-level support. The weighting factors depend on the market, stakeholders,
applications and projects, which will be in turn an opportunity for a future study.

Like mentioned earlier, the market growth for BIPV is impossible to quantify, since the growth rate linked to
standard cheap industrial PV market is not representative to BIPV products. What is however notable, is that
there is a significant push globally to address the global sustainability issues, in turn rapidly working on
decarbonizing the construction industry, as well as improving Europe’s energy independence and aspirations
to gain leadership in any or as many as possible PV industry sectors globally, which is a push all the way from
the EU ministerial level agendas. The sustainability as a parameter for BIPV product will become increasingly
more important and this adds to the advantage of the thin-film in the BIPV market, given the other key
parameters are addressed adequately.
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4 Stakeholders’ analysis

4.1 Introduction

The stakeholders mentioned in the chapter 3.3.3 are part of the general stakeholder map developed within
this chapter. In order to create a BIPV stakeholder map several standard stakeholder lists were merged as
described below. Gray & Larson (2009) stakeholder map is shown per project phases, which are: i) Definition,
ii) Planning, iii) Execution, iv) Delivery and v) Recycling. The general classification of stakeholders in a project
according to (IESE 2002) suggestion is to split into 3 types based on the stakeholder level in a construction
value chain:
e Contractual level:
o Clients
o Financial institutions
o Suppliers and subcontractors
e Contextual level:
o Public administration
o Local communities, countries and societies
o Creators of opinions and knowledge
e Consubstantial level:
o Strategic partners
o Employees
o Shareholders and investors
A proposal of stakeholders in a BIPV value chain was made by Dorian Frieden splitting the main stakeholder
groups into 5 key ones:
e Financial sector
e Regulator
e Grid and Electricity
e Construction and Real estate
e Solar (BI)PV
The goal of this research is to expand the existing stakeholder maps with this proposed BIPV value chain
stakeholder map including a more complete overview of the key stakeholders involved in a BIPV project using
a “cradle-to-crave” approach. There is a lack of targeted detailed BIPV stakeholder maps and a development

of such a list would potentially inform on the wide technological and administrative value chain reach the
BIPV solutions are covering.

4.2 Stakeholder analysis — General stakeholder map in construction and BIPV value
chain

The stakeholder classification proposed follows a general construction project development process logic,
but not necessarily applicable universally (Figure 14). In Table 6 is shown a general stakeholder map. The key
groups are as follows:

1. Clients / End users
2. Government and Regulation bodies
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Finance and investors

Raw material producers / Product manufacturers
Design and engineering
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Operation and Maintenance

3.
4.
5.
6.
7.
8.

9. Stakeholders involved in the renovation process

Stakeholders involved in the demolition process

A discussion on each group is as follows in next parts.

Clients & End

7 users —

Demolition
process

Design &
: Engineering

Figure 14 Construction process map.
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Clients / End users

The key stakeholder in a construction project is a client. The client/end user makes the final decisions for
their project based on their requirements and project vision, financial and other capacities. Depending on
the type of client, different requirements are placed on the product. Residential clients normally try to see a
short ROl and a reasonable upfront investment, depending on their financing capabilities. In a residential
project the architect is not playing a key role, but more the local installer / product provider ecosphere
influencing the residential client decisions. The industrial building owners are also usually driven by the same
motives as residential clients, but the aesthetical part plays a lesser role. Commercial clients, purchasers in
construction and energy industry are usually working behind a bigger organisation that can have different
driving motivations to apply PV or BIPV in their project.

Government and Regulation bodies

The regulatory bodies, authorities and politicians are a type of stakeholder that can catalyse a market with
incentives or national level energy or sustainability strategies, but would not necessarily drive a BIPV product
adoption, unless the specific solution is heavily incentivized. A regulation related to safety, for example, could
delay a project adoption, until the necessary technical parameters are met, but it would not necessarily drive
or break a BIPV project, if the market offering is so attractive and the client already has made a decision to
apply a specific product in his project.

Nevertheless, the regulatory and government bodies have a huge influence on the public perception of a
certain technology or strategy related to sustainable development and products used with certain
environmental targets in mind. Since BIPV is becoming more and more widely spread, more and more its
adoption is being regulated, from integration and safety points of view. This is important point to address in
the BIPV community to not delay the projects. The high-level expertise and understanding of their product
performance under various conditions is crucial, to be able to defend the high-quality requirements to both
clients and regulators.

Finance and investors

Finance and investor group in the BIPV stakeholder map includes stakeholders like Insurers, Financing
organizations, like banks or 3™ party investors, investors in real estate and project sponsors. It is a crucial
group, since one of key product parameters is cost and ROl and in a BIPV adoption decision making process
in certain cases, a BIPV product can demonstrate the ability to be strictly a financial investment or a business
case tool.

Raw material producers & Product manufacturers

Raw material producers and product manufacturers include all the ecosystem of the construction production
process value chain, from glass, wafer, polymer, aluminium and other raw material producers to IGU, Roof
tile, BIPV, Curtain wall and other construction products producers that are ready to be applied in a
construction project.

This stakeholder group is not so much involved in a BIPV project application decision making process, but
more in the ability to create an attractive high-quality offering for the clients and investors and comply with
regulator needs for adoption of the BIPV solutions in projects. Which in fact then become a key stakeholder
group and the developer of the BIPV market and industry. This is possible when a visionary developer or
producer is manipulating the stakeholder in this group adequately to create the optimal offering for the
momentary global techno/eco/socio climate satisfaction.
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Design and Engineering

The appliers of the technologies that participate in the construction industry have to deal with a number of
technical challenges related to architectural, structural, facade, 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 Design and 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, design and engineering optimisation tasks and a high level of risks that are
already prevalent in projects, before even considering the application of a BIPV.

Construction

The construction group is a bit like the design and engineering group, just that the focus of the stakeholders
in this group is the execution of the project according to the planned design, budget and planning. Again, the
same point has to mentioned asfor the design and engineering group, the more disruptive the BIPV solution
is for the construction process stakeholders, the less likely this solution will have any acceptance in the circle
of potential adopters. So, the necessity to have a minimally disruptive solution with a clearly explained or
understandable manipulation orinstallation with adequate support, minimal potential risks is imperative for
the success of a BIPV solution in the construction industry. The stakeholders in this group are architects,
engineers, project managers or contractors in general, facade, electricity, roof, facade or PV fields, site
supervisors and logistics experts.

Operation and Maintenance

The stakeholders in this group are maintenance companies of building facade/envelope, building operation
or operators, occupants. The BIPV as a solution, after project execution, like any other product can have
operation particularities, like power output issues, like quality of the product, like breakage on site after
installation, like structural failures, etc. The operation part for the BIPV industry is one of the most important
and overlooked parts of the overall lifecycle performance of BIPV products. If the BIPV installation is installed
on the facade, but not operating well, not maintained, not repaired, not understood and the operation is not
supported by the producer or after sales expert, this can form a make-or-break scenario forthe BIPV industry
as a whole. The project driving factors like Greenwashing or company image, sometimes do not focus on the
actual BIPV output and the proper ROI’s as per design. This can undermine the BIPV image in a negative light
and the notion, that a BIPV can be a solution to the building energy or sustainability goals, can be
misunderstood or negated by anybody, who actually enters the building operation data or carries out the
building refurbishment or other. It is absolutely important to put pressure on clients and building operators
to make sure, that the BIPV systems are functioning, working and producing towards the planned energy and
economical goals. The next step is the documentation and demonstration of good cases and success stories,
which is key information to the market to limit the “greenwashing” or “not reliable” image of the technology.

Demolition processes

The demolition and recycling group can present solutions for BIPV and standard PV systems that improve the
sustainability and reduce the lifecycle CO2 emissions or contribute to an opportunity to recycle the products
Adequate solutions could present a huge opportunity to the overall BIPV/PV industry. The potential to recycle
or reuse the BIPV 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
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requirements for safety, acceptable processes and permits, facade and general demolition companies, PV
decommissioning and demolition companies, recycling industry, dumping grounds with their rules,
companies dealing with recycling, etc. that are working in the PV / BIP product refurbish, reuse, recycle value
chain. A crucial stakeholder group to make the BIPV and PV industry a truly sustainable and cost effective
one.

Renovation processes

Renovation process is similar to demolition process in terms of stakeholder types in the group, which are
facade, roof or general renovation companies, authorities granting permits, electricians, BIPV or PV suppliers.
The objective of this process is the extension of the operation duration of a BIPV power plant, which can in
turn result in better overall income for the client or investor. Durability and long lifecycle of operation of BIPV
installations is also a contribution to the notion, that BIPV and PV systems can operate like standard
construction materials for extended period of times. In certain cases, an intervention to renovate the BIPV
system is quite beneficial if the extension of the life cycle is an objective and from innovative BIPV product
development point of view, it is important to take this option of accessibility for replacement and
maintenance into consideration, when designing a good BIPV product with claims of long-term
performances.

4.3 Stakeholder maps for each archetypes / technological system

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. The following
tables have been meticulously examined to support this initiative:

e Table 7: Archetype 1 (PV facades — Schweizer)

e Table 8: Archetype 5 (PV roof tiles — BMI)

e Table 9: Archetype 7, 8 and 9 (PV IGU — G2P)

e Table 10: Archetype 10, 11 and 12 (Solar window —iWin)
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Table 7 Stakeholder map for the archetype 1 (PV fagade)
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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 infire 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

Table 8 Stakeholder map for archetype 5 (PV roof tiles)

Clients and
End users

Government and
Regulation bodies

Finance and investors

Raw material producers
Product manufacturers

Designand engineering

Construction

Operation and
Maintenance

Demolition processes

Renovation
processes

Industrial building

Engineers (site

Maintenance

Regulatory bodies (safety,

Facade renovation

Local authorities Insurers Glue companies Structural engineers R R R R
owners supervisor) companies (facade) permits, processes) companies
Purchaser“s n Certification Flnan(.:lng. . - . General project MalnterTance _— Facade demolition . .
construction or R organizations (third Aluminium producers Facade engineers companies (building X Renovation permits
. companies . managers . companies
energyindustry party invertors) operation)
Regulatory

organizations for
structural safety

Investors in real estate

Cabling manufacturers

Electrical engineers

Facade project
managers

Occupants (building
mangers)

PV plant decommissioning
and demolition

General contractors

Regulatory
organizations for
electrical safety

Aluminium transformers
and processor

PV engineers

Electrical project
managers

Recycling companies
(PV modules)

Electricians

Regulatory authorities
(municipality and
permits)

Manufacturers of BIPV
product

PV and BIPV engineers

Electricity contractors

Containers and dumping
grounds

Regulatory authorities
(electrical integration
permits)

Mounting system
manufacturers

Experts in fire safety

Safety (site supervision)

Storage of used PV panels
and other construction
materials

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

Inverter manufacturers

BIPV consultants

PV contractors

Monitoring manufacturers

BIPV contractors
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Table 9 Stakeholder map for archetypes 7, 8,9 (PV IGU)

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

Commercial building

Architects (execution

Maintenance

Regulatory bodies (safety,

Facade renovation

energyindustry

organizations (banks)

supervisor)

operation)

companies

Politicians Insurers Polymer companies Architects . R R R
owners supervisor) companies (facade) permits, processes) companies
Purchasers in . . . . Maintenance -
. Financing . Engineers (site h _— Facade demolition . .
construction or Lobby groups PV cell producers Facade engineers companies (building Renovation permits

Central governments

Financing
organizations (third
party invertors)

Glass producers

Sustainability engineers

General project
managers

Occupants (building
mangers)

General demolition
companies

General contractors

Local authorities

Investors inreal estate

Aluminium producers

Electrical engineers

Facade project

Occupants (residents)

PV plant decommissioning

Electricians

managers and demolition
. . . . Electrical project Occupants (office Recycling companies
Regional regulators Project sponsors Cabling manufacturers PV engineers
managers personnel) (PV modules)

EU regulators

Ingot and wafer suppliers

Energy system designers

Facade contractors

Containers and dumping
grounds

Regulatory
organizations for
electrical safety

Raw material suppliers
(silicon, copper, etc.)

PV and BIPV engineers

Electricity contractors

Regulatory
organizations for
sustainability

Aluminium transformers
and processor

Embodied energy and
carbon footprint
evaluators

Control and operation
contractors

Regulatory authorities
(municipality and
permits)

Glass transformersand
processor

Experts in fire safety

Safety (site supervision)

Regulatory authorities
(electrical integration
permits)

IGU producers

BIPV consultants

Logistic experts

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

Manufacturers of BIPV
product

Sustainability consultants

PV contractors

Inverter manufacturers

BIPV contractors

Monitoring manufacturers
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Table 10 Stakeholder map for archetypes 10, 11, 12 (Solar window)

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

Architects (execution

Maintenance

Regulatory bodies (safety,

Facade renovation

Politicians Insurers PV cell producers Architects . R R R
owners supervisor) companies (facade) permits, processes) companies
Maintenance
Commercial buildi Financin . Engineers (site h _— Facade demolition . .
ne Lobby groups e Glass producers Facade engineers s ( companies (building Renovation permits

owners

organizations (banks)

supervisor)

operation)

companies

Purchasers in
construction or
energyindustry

Central governments

Financing
organizations (third
party invertors)

Aluminium producers

Sustainability engineers

General project
managers

Occupants (building
mangers)

General demolition
companies

General contractors

Local authorities

Investors in real estate

Venetian blind producers

Electrical engineers

Facade project

Occupants (residents)

PV plant decommissioning

Electricians

managers and demolition
. X . . Electrical project Occupants (office Recycling companies
Regional regulators Project sponsors Cabling manufacturers PV engineers
managers personnel) (PV modules)

EU regulators

Raw material suppliers
(steel, cement, etc.)

Energy system designers

Facade contractors

Containers and dumping
grounds

Regulatory
organizations for
electrical safety

Ingot and wafer suppliers

PV and BIPV engineers

Electricity contractors

Regulatory
organizations for
sustainability

Raw material suppliers
(silicon, copper, etc.)

Embodied energyand
carbon footprint
evaluators

Control and operation
contractors

Regulatory authorities
(municipality and
permits)

Glass transformersand
processor

Experts infire safety

Safety (site supervision)

Regulatory authorities
(electrical integration
permits)

IGU producers

BIPV consultants

Logistic experts

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

Manufacturers of BIPV
product

Sustainability consultants

PV contractors

Inverter manufacturers

BIPV contractors

Monitoring manufacturers
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5 Integration of BIPV archetypesinto facade construction processes

5.1 Introduction

In the previous chapter, an exhaustive analysis of stakeholders within the construction and BIPV value chain
was conducted. This chapter drives the attention to a comprehensive examination of traditional construction
processes and their BIPV counterparts across the design, manufacturing, and construction stages, focusing
on building facades.

Building upon insights from non-photovoltaic case studies, the analysis meticulously delineates, scrutinizes,
and draws comparisons between conventional construction methods and analogous BIPV installation
processes for building facades. This comparative study encompasses various facets, including construction
phases, timelines, the spectrum of stakeholders engaged, and the identification of potential challenges and
opportunities. Additionally, stakeholders from the construction value chain and PV manufacturers will
engage in roundtable discussions to collaboratively identify and address daily operational issues.

Furthermore, it was delved into an assessment of the roles and responsibilities of stakeholders within the
value chain, aiming to provide a comprehensive view of the facade construction process while highlighting
the distinctive features of BIPV installations. The culmination of these efforts will manifest in a set of
comprehensive guidelines, designed to foster dynamic and fruitful collaboration between the PV sector and
the building and infrastructure industry. The subsequent phase of this project involves a detailed cost
perspective analysis, building upon insights gained from our case studies.

In summary, the analysis emphasizes distinct construction phases and working categories mapping base on
real business cases. Through an examination of the construction process in reference case studies and
technological systems, and in contrast to conventional procedures, few distinctions surfaced with the
incorporation of BIPV solutions. The analysis seeks to reveal a landscape where photovoltaic integration and
traditional construction coexist, forging a path toward a more sustainable and energy-efficient future.
Further studies may include the analysis of BIPV roof construction process.

5.2 Methodology

The process involved the stakeholder mapping approach presented in the previous chapter, emphasizing
specific construction phases and working categories as shown in Figure 15:

e Raw material producers and Product manufacturers;
e Design and engineering;
e Construction.

To improve the precision of delineating construction stages, a more intricate subcategorization has been
suggested. The equivalent stages proposed by the RIBA Plan of Work 2020 are outlined below (Figure 15):

e Building Design (Strategic definition, Preparation and brief, Concept design)
e System Design (Spatial coordination)

e Mock-up Manufacturing (Spatial coordination, Technical design)

e Testing (Spatial coordination, Technical design)

e Detailed Design (Technical design)

e Procurement and Manufacturing (Manufacturing and construction)
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Installation (Manufacturing and construction)

Clients & End
users

Government &
Regulation
bodies

Renovation
process

Demolition Finance &
process Investors

Raw material &
Product
manufacturers

Operation &

Maintenance

AN

Design &
= Engineering

Construction

Figure 15 Construction process map. Highlighted in orange the stages considered for this analysis

Three workshops were organized, incorporating key stakeholders, namely:

A facade maker with large international experience in building facade (Focchi);

A research institute specialized in active building envelope and BIPV research (SUPSI);

Three PV manufacturers representing distinct products/archetypes asi) PV facade (archetype 1-
Schweizer), ii) PV IGU (archetype 7, 8, 9-G2P), iii) Solar window (archetype 10, 11, 12-iWin).

The research methodology was structured around three key steps within each workshop:

Definition of case studies: For each selected PV archetype, a case study was meticulously defined,
emphasizing a comparative analysis with a similar traditional, non-photovoltaic fagade construction
solution. This step aimed to highlight both the commonalities and disparities between BIPV and
conventional construction methods.

GANTT chart preparation: Subsequent to case study definition, the research team engaged in
planning and preparing GANTT charts for each scenario. These charts outlined the primary
stakeholders involved, their interconnections, linkages, and the temporal alignment of activities
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throughout the construction process. The collaborative effort of the facade maker and the research

institute was instrumental in developing a comprehensive visual representation of the construction
timelines and dependencies.

e Workshop conduct and result analysis: The workshops were conducted collaboratively, involving
key participants such as the fagade maker, research institute, and PV manufacturers. These
sessions facilitated in-depth discussions, knowledge exchange, and strategic planning related to the
integration of BIPV archetypes into facade construction processes. Following the workshops, the
research institute undertook a detailed analysis of the results, assessing the insights gained and
identifying key trends, challenges, and opportunities.

The method's limitations stem from its focus on specific steps within the facade construction process,
primarily based on target buildings. It is acknowledged that these buildings may not fully represent the
diversity of the entire market portfolio. For example, incorporating a metal cassette (archetype 1) into an
industrial building could lead to a distinct construction process, eliminating the need for mock-up
manufacturing and testing. This shift may also involve a different set of stakeholders, excluding roles such as
architects and facade makers. To address this, future analyses will expand the scope to encompass a broader
range of building types, both photovoltaic and non-photovoltaic. This expansion aims to explore additional
market scenarios, various construction situations, and diverse business cases to provide a more
comprehensive understanding of the integration of BIPV into the broader construction landscape.

5.3 Case studies

5.3.1 Deansgate Square: Case study for Archetype 1 (PV facades — Schweizer)

Deansgate Square is a high-density residential development in Manchester, England, designed by Simpson
Haugh and Partners and developed by Renaker (Figure 16). Itis located on the site of a former public car park
area and consists of four towers, the tallest of which is 67 stories and 200 meters high and it will be the use
case of reference. The development provides 1508 homes and a range of amenities, including a tennis court,
swimming pool, cinema, gym, studios, and three basement car parking levels. It also benefits the public with
cafés and restaurants and new pedestrian links via new public spaces at the base of each tower and
immediately adjacent to the River Medlock. Tower A will be used as a market reference for analysis related
to substitute the metal panel used with a reference metal PV facade. However, it is important to acknowledge
certain limitations in this case study, particularly its primary focus on the integration process of laminated PV
into a metal cladding system. When evaluating building-specific parameters, such as the technological system
type and cladding material, additional considerations come into play. The inclusion of combustible materials
in a facade may be restricted and subjected to specific fire tests. This is because building materials are
categorized based on regulated tests, and combustible materials may not comply with the resistance to fire
requirements specified for the building.

In order to better understand the application of a metal fagade cladding system suitable for combination
with lightweight, glass-free PV modules (Chapter 2.3.3), an example of a BIPV case study and process is
presented in Chapter 6.
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Figure 16 Deansgate square’s towers at the left, Manchester, UK. Source: Focchi.
The reference facade module for the application of a metal PV facade is the purge vent unit. The purge vent
unit is a bespoke designed ventilation panel for high-rise buildings. It is typically 750mm wide and 2850mm
high, with a natural anodised aluminium door frame and an insulated panel. The frame has a bi-coloured
finish, with a natural anodised finish on the inside and a black anodised finish on the outside. The external
structural fall-arrest barrier of the Purge Vent Unit consists of a 4mm anodised aluminium alloy panel in two
shades of light and dark grey. It is perforated with a pattern specifically designed by the architect to create a
strong play of cast shadows. This barrier guarantees protection from falling and has been statically calculated
and tested to withstand a linear load of 0.74 kN/m and a concentrated point load of 0.5 kN (in compliance
with BS6180) without any permanent deformation. This anodised aluminium alloy panel is evaluated for the
replacement with IPV metal panel.

Considering the purge fagade unit, the component to be substitute with an IPV metal sheet is the external
alloy panel. The panel is an aluminium alloy EN-AW 5005 with anodising quality- temper H14 with a finiture
Anolok Il medium Blue Grey B715 - CL25. With reference to the related shop drawing, some simplifications
are needed to move to an IPV metal sheet. In particular, the architectural design of the pattern realized
through metal panel machining open to two options:

e Eliminating the pattern and use a PV film for the whole panel, optimizing the IPV metal sheet
manufacturing process, time and cost, but losing the architectural pattern requested by the
designers. This solution is more oriented to Schwarzer IPV product.

e Replicating the pattern using circles PV film for the whole panel, matching the architectural pattern
requested by the designers, but increasing the IPV metal sheet manufacturing process, time and
cost. This solution is more oriented to architectural IPV product matching.

The options object of evaluation is eliminating the pattern and use PV film for the whole panel.

For the purpose of the project to validate MC2.0 production line, the major amount is considered. As a
consequence, the metal sheets object of analysis are:
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160090LA0306 707 61°N—241°N 727 X2827
160090LA0307 686 61°N—-241°N 715X2827
TOT: 1393 - -

The two dimensions represent 88,61% of all metal sheets and with similar size (8 mm of difference in one
dimension while the other is the same) so they represent a valuable case for the validation process.

5.3.2 C4Tower "The Blade" — Case study for Archetypes 7, 8 and 9 (PV IGU — G2P)

Crown Street Phase Two is a new development on the edge of Manchester City Centre (Figure 17 and Figure
18). It consists of two residential towers, each 51 stories tall, a new city centre park, and other public
structures. The towers have been designed to provide large and high-quality apartments with breath-taking
views of the city. They are the same height as the adjacent Elizabeth Tower and create a gateway cluster on
this important southern approach to the city. Tower C (the use case), also called The Blade, is centrally
positioned in the development. It has been designed to present a slender profile to the park, allowing the
maximum amount of sunlight between the buildings. The tower has a mix of different types of glass and
metal panels, which create a visually interesting effect. C4 Tower will be used as a market reference for
analysis related to substitute the used TGU with a reference PV TGU.

T e —

Figure 17: Daily render of the “Blade” tower in Figure 18: Night render of with the “Blade” tower in
Manchester, UK. Source: Focchi. Manchester, UK. Source: Focchi.
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The reference fagade module forthe application of G2P’s IPV TGU is the vision-vision fagade unit. The vision-
vision facade unit with TGU used in The Blade is a state-of-the-art system that offers a number of benefits,
including energy efficiency, natural light and it is a fully transparent glazed unit with anodised aluminium
frame typically 750mm wide and 2850mm high.

Considering the typical vision-vision facade unit, the glass typologies most used have a stratigraphy consisting
of 88.2/16/5/16/66.2 annealed glass panes with heat strengthened glass mid-pane with HP coating #2, LOW-
E coating #5 and #7 and argon. The elevation in Figure 19 shows the relevance for the building use case of
the glasses identified and consequently of the IPV fagade opportunity. Considering similar stratigraphy and
most used vision-vision fagade unit, two glass typologies are considered references for the substitution with
IPV TGU. These stratigraphy typologies address to specific glasses installed at each facade, having clear
insights about sizing and orientation. In total, 34 glass sizes have been identified forthe related project.

For the purpose of the project, only the major number of glasses is considered as average window reference.
As a consequence, the glass configurations object of analysis are:

| QUANTITY |  STEPPED LXH | ORIENTATION
GLP-101 1515 NO 726X2826 109° - 289°
GLP-103 660 NO 706X2826 19°-199°

The two dimensions represent 66,10% of all glasses and with similar size (20 mm of difference in one
dimension while the other is the same) so they represent a valuable case for the validation process.
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Figure 19: East, south and north elevation of “Blade” tower in Manchester, UK. The elevation shows the vision
fagade units to be considered as reference for the evaluation of the IPV TGU. Source: Focchi
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5.3.3 Focchi Headquarter —Case study for Archetypes 10, 11 and 12 (Solar window —iWin)

The Focchi Group Headquarters is an office building in Italy. The office building of the Focchi Group
Headquarters was designed by architect Mario Cucinella to relocate executive, administrative, and design
services together in a single settlement with the manufacturing plant Figure 20. The building's facade system
is a curtain wall with structural silicone glazed modules. The aluminium mullion performs only safety and
sealing functions of the building envelope. In 2016, the building underwent a series of interventions to move
towards an integrated facade-plants-BMS solution. This solution combines TGU with venetian blinding in the
external chamber and have been introduced sensors to manage fan coils based on a software properly. The
building exploits the facade as an interface and environmental management element, working in connection
with the heating/cooling system, the lighting system, and other automatisms that can be implemented on
the facade by controlling and measuring the environment. This ensures energy savings in the building and
increases user comfort. Focchi HQ's new offices will be used as a market reference for analysis related to
substitute the shading system used with the solar window of iWin.

Figure 20 Focchi HQ, Poggio Torriana, Italy. Source: Focchi.

The reference fagade module for the application of iWin’s IPV venetian blind is the new office’s facade. The
facade is a multifunctional fagade, integrating active technologies as actuator to open vent, venetian blind
within a Closed Cavity Fagade (CCF) and mechanical ventilation system. The fagade is managed by a property
automation system based on embedded IoT sensors and an edge-Al to address users multidomain comfort
(thermal, visual, IAQ and acoustic). The facade module is typically 1380 mm wide and 3450 mm high, with a
silver anodised aluminium frame with a TGU structural sealed and an external laminated glass with antifog
coating.

The venetian blind component currently integrated in the facade is a motorized model with a colour finish in
silver. The motor cable exits from the left side when viewed from the inside. The venetian blind 25mm wide
slats (lamellae) and it is supplied with a 10-meter-long cable. The overall tolerances are +0/+1 mm. The
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lamellae have an anti-fog treatment applied. The elevation in Figure 21 shows the relevance for the building
use case of the venetian blind identified and consequently of the IPV facade opportunity.

For the purpose of the project to validate MC2.0 production line, the major amount is considered. As a
consequence, the venetian blinds object of analysis are:

| SB QUANTITY ORIENTATION LXH
000043SB0500-004 22 229°N 1370x1934
0000435B0500-007 21 229°N 1480x1934
TOT: 42 - -

The two dimensions represent 69,35% of all venetian blinds and with similar size (110 mm of difference in
one dimension while the other is the same) so they represent a valuable case for the validation process.
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Figure 21 South-West (229° North) elevation of Focchi HQ. The elevation shows the venetian blinds in the fagade units
to be considered as reference for the evaluation to become IPV venetian blinds. Source: Focchi.
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5.4 Results

The outcomes of the workshop are elucidated in the following paragraphs, with specific emphasis on:

e Construction processes for BIPV products, tailored to the PV facade (archetype 1) Figure 22;

e Construction processes for BIPV products, tailored to the PV IGU (archetypes 7, 8, 9) Figure 24;

e Construction processes for BIPV products, tailored to the solar window (archetypes 10, 11, 12)
Figure 28;

e Key stakeholders engaged in selected stages of the BIPV process and their pertinent activities,
applicable to the PV facade (archetype 1) Figure 23;

o Key stakeholders engaged in selected stages of the BIPV process and their pertinent activities,
applicable to the PV IGU (archetypes 7, 8, 9) Figure 27;

e Key stakeholders engaged in selected stages of the BIPV process and their pertinent activities,
applicable to the solar window (archetypes 10, 11, 12) Figure 29;

e Insights derived from the workshops, organized by stages, relevant to the PV facade (archetype 1)

Table 11;

e Insights derived from the workshops, organized by stages, relevant to the PV IGU (archetypes 7, 8,

9) Table 12;
e Insights derived from the workshops, organized by stages, relevant to and the solar window
(archetypes 10, 11, 12) Table 13.
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5.4.1 BIPV construction processfor Archetype 1 (PV facades — Schweizer)
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*Referred to the case study building Deansgate square's towers, Manchester, United Kingdom

Source SUPSI, Focchi
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Figure 22 Construction processes for the integration of facade BIPV products (Archetype 1 — Solar facade).

The facade construction process shown in Figure 22 is tailored to the building typology featured in the case
study. Chapter 6 illustrates a BIPV case study and process, providing an example of a metal facade cladding
system compatible with lightweight, glass-free PV modules (see Chapter 2.3.3). From the analysis shown in
Figure 22 and in contrast to the conventional procedure, several distinctions become evident.

e The initiation of BIPV integration is recommended early in the construction timeline, preferably
during the initial phases of building design.

e To navigate through the stages, architects and designers may seek the guidance ofa BIPV consultant,
ensuring continuous collaboration with BIPV manufacturers and other stakeholders in the value
chain.

e During the system design phase, in cases where the BIPV manufacturer lacks electrical engineering
capabilities, a BIPV system engineer may be subcontracted. Throughout this phase, the BIPV
manufacturer is expected to provide comprehensive technical information on PV products to the
facade maker. Subsequent to a thorough review, the fagcade maker makes the critical decision on
whether to proceed with the chosen BIPV manufacturer.

e Following the mock-up and testing stages, akin to traditional processes where the BIPV manufacturer
exclusively supplies PV materials, the system engineer finalizes the electrical plan, specifying details

69

D3.3 — Market Archetypes report and competitiveness



Project funded by
Schweizerische Eidgenossenschaft Federal Department of Economic Affairs,
Education AER
State Secretariat for Education,
Research and Innovation SERI

RCEl Funded by
the European Union

such as cables and strings. At the culmination of this phase, all particulars must be conclusively
settled, leaving no room for further deliberation.

e The subsequent procurement, manufacturing, and installation stages align with established norms in
construction processes. During the procurement and manufacturing stage, the BIPV manufacturer
heavily relies on the supply of semi-fabricates. In the installation phase, the BIPV manufacturer must
provide comprehensive installation manuals and training for the installer.

Figure 23 illustrates the incorporation of new BIPV stakeholders throughout the examined BIPV construction
stages, while Table 11 shows a comprehensive assessment of the construction processes for the seamless
integration of BIPV products into facades.
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PV needs to be included at the very beginning of this stage

BIPV consultant: preliminary energy, economic

and technical assessment to ensure the project

feasibility.

Architect: after the demonstration of the

preliminary feasibility and together with the BIPV .

consultant, the architect assesses PV product STAGE 2: System desi gn

technical and economic information by The BIPV system engineer needs to be involved at this

commissioning to the fagade maker feasibility stage to avoid additional delays on the construction

study from the fagade maker.
! b BIPV system engineer: ifthe BIPV manufacturer

BIPV manufacturer: the BIPV manufacturer has no capacity toengineering the systemin
provides technical information and a preliminary terms of electrical draws, string connections,
economic estimation to the architect. cabling, etc., a BIPV system engineer might be
Facade maker: the facade maker performs the subcontracted from this stage, which might be a
feasibility study with the input of the other distributor of the BIPV manufacturer.
stakeholders involved and decides if continuing B1PV manufacturer: the BIPY manufacturer

the colEiBoraSuiin BRI R S AC S furnishes technical information on PV products to

the fagade maker. The BIPV manufacturer
provides tothe fagade maker an early BIM model
with a low level of detail.

Facade maker: following a thorough review of the
I ) technical information and building norms, the
The BIPV manufacturer supplies the material fagade maker selects for the BIPV manufacturer.
BIPV manufacturer: the BIPV manufacturer
supplies the PV material needed for the mock-up.
F acade maker: the fagade maker manufactures the

mock-up including the PV elements.

Standard tests for facades are performed

F acade maker: the fagade maker conducts
standard tests onthe facade and its components,
such as EN 13830:2005, and may need to verify
the operation of the PV product both before and
after the testing process.

5 : : BIPV manufacturer: the BIPV manufacturer
STAGE 5: Detailed desi gn conducts specific tests on the PV product prior to
The cable and stringing must be done 100% by PV designer, further stages in the process.
facade company and electrician

F acade maker: allnecessary design information

has been finalized. Thefagade maker delineates

the items tobe supplied in the subsequent stage
and formulates the construction plan.

BIPV system engineer: the system engineer
concludes the electrical plan, covering aspects
such as cables, strings, etc. At the culmination of

this stage, all details must be unequivocally

settled, leaving no room for further discussion. The PV manufacturing depends onthe semi-fabricate supply
BIPV manufacturer: the BIPV manufacturer supplies the
material needed. The PV product is supplied tothe fagade
maker.
Facade maker: the facade maker assembles the facade off site
and delivered it to the construction site. The fagade maker
makes a quality check on the product.

STAGE 7: Installation

The facade maker is the first responsible of the PV system
quality

Facade maker: the fagade maker bears the
responsibility for both the installation and the overall
quality of the fagade system.

Electrician: The electricianis responsible for
completing the electrical connections within the
building, including cabling, inverters, optimizers,
etc. Additionally, they provide support tothe facade
maker in the event of any system failures.

BIPV manufacturer: the BIPV manufacturer
provides the electrician with training and furnishes
an installation manual for guidance.

Figure 23 Relevant activities and roles of stakeholders, with new BIPV stakeholders highlighted in red (Archetype 1 —
Solar facade).
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Table 11 Comprehensive assessment of construction processes for the seamless integration of BIPV productsinto
facades (Archetype 1 — Solar facade). The insights presented are derived from in-depth interviews with the project
partners. It is important to note that certain details may pertain exclusively to partner products.

1.1 The BIPV consultant assesses the preliminary energy, economic and technical performance to ensure the project feasibility

1.2 According to the customization rate of the PV product, the product might or might not be customized, requiring architects
or designersto assess the geometry of the building

1.3 Essential information required by architects includes technical solutions, energy production details, aesthetic
considerations (colour), electrical interconnection specifics, and basic cost estimates

1.4 The system-levelinformation can be provided in advance, with the involvement of an expertfor the electrical aspect. Basic
PV cabling guidelines must be established during this stage.

1.5 Asa traditional building material, the product must adhere to project specifications, and the necessary specifications will be
provided by the BIPV manufacturer.

STAGE 2 - SYSTEM DESIGN

2.1 The BIPV manufacturer, directly or through a third-party, is responsible for PV engineering and product manufacturing.

2.2 If the BIPV manufacturer has no capacity to engineeringthe systemin terms of electrical draws, string connections, cabling,
etc., a BIPV system engineer might be subcontracted from this stage.

2.3 The BIPV manufacturer's objective is to identify a distributor capable of handling the design, supply, and engineering
services for the project.

2.4 An early BIM modelis required at this stage, with a low level of detail meeting the facade maker's needs.

2.5 BIPV manufacturer selection occurs at the end of the system design stage.

2.6 Paymentagreements may be made for work in the design and system design stages.

3.1 The BIPV manufacturer acts as a supplier in this stage.

3.2 Afull-scale mock-upis required in approximately 10 weeks.

3.3 The facade maker performs standard tests on the facade on the mock-up.
STAGE 4 - TESTING

4.1 Testing takes 1-2 weeks, focusing on conventional aspects.

4.2 Coordination between fagade design and PV testing is emphasized.

4.3 PV testing should ideally be finalized before electrical design.

4.4 The PV components, as a traditional building material, is tested in advance by the BIPV manufacturer.
STAGE 5 - DETAILED DESIGN

5.1 The design manager collects information from the system designer.

5.2 The facade maker delineates the items to be supplied in the subsequent stage and formulates the construction plan.
5.3 Cable and stringing details are finalized without any discussions.
5.4 The nextstage's supply is defined.

STAGE 6 - PROCUREMENT AND MANUFACTURING

6.1 BIPV manufacturing heavily relies on the supply of semi-finished materials.

6.2 The BIPV manufacturer supplies the material needed to the fagade maker.
STAGE 7 - INSTALLATION

7.1 Fagade installation takes place.

7.2 The electrician handles electrical connections based on detailed design.
7.3 The facade maker holds responsibility for the quality of the PV and PV system.
7.4 The BIPV manufacturer provides training and installation manuals to the electrician/PV installer.

7.5 Intermediate tests may be conducted during the installation stage.
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- Strategic definition
- Preparation and brief
- Concept design

- Spatial coordination

- Spatial coordination
- Technical design

- Spatial coordination
- Technical design

- Technical design

- Manufacturing and
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- Manufacturing and
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The system engineer The cable and siringing
PV needs to be needs to be involved at A fully functional PY facades: the facade should be done 100% The facade maker The facade maker is
N N - product may not be maker might require to - .
included at the very this stage to avoid necessary for the check the eperation of by the PV designer, makes a quality check the first responsible of
beginning of this stage additional delays on Ty 4 facade company and of the PV product the PV system quality

FACADE BUILDING PROCESS FOR ARCHETYPES 7-8-9

BIPV consultant

BIPV manufacturer

BIPV consultant

Facade maker
System engineer

BIPV manufacturer
Glass manufacturer

BIPV manufacturer Facade maker

System engineer
|

BIPV manufacturer
Glass manufacturer
Facade maker

System engineer
Facade maker

Architect techn

supply

v 7

Facade maker BIPV manufacturer

Facade maker

Facade maker

TIMING REQUIRED*

26Weeks | | 22Weeks | | 22Weeks | | 6Weeks | | 27Weeks | | 57Weeks | | 88Weeks
ACCEPTABLE TIMING FOR BIPV*
5 Weeks 1 Week 10 Weeks 1-2 Weeks 3 Weeks 14 Weeks/lot 8 Weeks

*Referred to the case study building Blade Tower, Manchester, United Kingdom

Source SUPSI, Focchi

Figure 24 Construction processes for the integration of facade BIPV products (archetype 7,8,9— PV IGU).

Compared to the standard process, few differences are observed in Figure 24.

D3.3 -

BIPV integration should commence early in the construction process, ideally during the building's
preliminary design. Architects and designers may enlist the assistance of a BIPV consultant to
navigate various stages and maintain connections with BIPV manufacturers and other value-chain
stakeholders.

In the system design phase, a BIPV system engineer may be subcontracted if the BIPV manufacturer
lacks the capacity for electrical engineering. Throughout this stage, the BIPV manufacturer should
furnish technical information on PV products to the fagade maker (e.g. Figure 25). Following a review,
the facade maker decides whether to proceed with the BIPV manufacturer.

After the mock-up and testing stages, similar to traditional processes, the system engineer finalizes
the electrical plan, detailing cables, strings, etc. At this stage's conclusion, all details must be
conclusively settled, allowing no room for further discussion (e.g. Figure 26).

The procurement, manufacturing, and installation stages align with standard construction processes.
During installation, the BIPV manufacturer must supply installation manuals and training to the
installer.
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Figure 27 illustrates the incorporation of new BIPV stakeholders throughout the examined BIPV construction
stages, while Table 12 shows a comprehensive assessment of the construction processes for the seamless

integration of BIPV products into facades.
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Figure 25 Stratigraphy of a typical vision-vision fagade unit. Source: Focchi.

B B SEZ B8
ALTO - -
g PE4100-001 H
g g
-
S S S
= 3 =
2 < 2
(=4 [rel (=3
¥ vesmasor| ¥ vesaoser g
w w w
o o o
Al A
BASSO B | PE4000-001 B |

SEZ. A-A

LM = 1500

HM = 2850

GU2500-003
PN1010-001

1001985/
TOSEPNERC

Data Rey

Emesso

verticalo Descrzione

e | 11615@ A3 L

POS L

Lz
vadi prospatio

P ——f—
vedi prospetia

HM= 2850

PN1011-001 —,

PN1010-001

1001885/
TOSEPNERO

i a

GUA010-001

00
750

GU4110-001

P 750
" LM = 1500

[ !!@‘ V ,

Figure 26 Drawing of a typical vision-vision facade unit CE5040 “Blade” tower in Manchester, UK. Source: Focchi.
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PV needs to be included at the very beginning of this stage

BIPV consultant: preliminary energy, economic

and technical assessment toensure the project

feasibility.

Architect: after the demonstration of the

preliminary feasibility and together with the BIPV .

consultant, the architect assesses PV product STAGE 2: System design

technical and economic information by The BIPV system engineer needs to be involved at this

commissioning to the fagade maker feasibility stage to avoid additional delays on the construction

study from the fagade maker.
g 4 BIPV system engineer: if the BIPV manufacturer

BIPV manufacturer: the BIPV manufacturer has no capacity toengineering the system in
provides technical information and a preliminary terms of electrical draws, string connections,
economic estimation to the architect. cabling, etc., a BIPV system engineer might be

F acade maker: the facade maker performs the subcontracted from this stage.

izl study with e Qf thg other. . BIPV manufacturer: the BIPV manufacturer

Sl G SN 1) celdkalieeiiy furnishes technical information on PV products to
the collaboration with the BIPV manufacturer. the fagade maker. At this juncture, the design

process must ensure the creation of a product
that fully adheres to the specified requirements.

Facade maker: following a thorough review of the
technical information and building norms, the

fagade maker selects for the BIPV manufacturer.
It might not need a fully working PV product for the mock-up
BIPVmanufacturer & Glass manufacturer: the BIPV
manufacturer and the glass manufacturer
collaborate to produce the insulated glazing unit
(IGU) needed for the mock-up.

Facade maker: the fagade maker manufactures the

mock-up including the PV elements. S s e

F acade maker: the fagade maker conducts
standard tests onthe facade and its components,
such as EN 13830:2005, and may need to verify
the operation of the PV product both before and
after the testing process.

. : f BIPV manufacturer: the BIPV manufacturer
STAGE 5: Detailed desi gn conducts specific tests on the PV product prior to
The cable and stringing must be done 100% by PV designer, further stages in the process.
facade company and electrician

Facade maker: allnecessary designinformation

has been finalized. Thefagade maker delineates

the items tobe supplied in the subsequent stage
and formulates the construction plan.

BIPV system engineer: the systemengineer
concludes the electrical plan, covering aspects
such as cables, strings, etc. At the cumination of

this stage, all details must be unequivocally

settled, leaving no room for further discussion. The facade maker makes a quality check of the PV product
BIPV manufacturer & Glass manufacturer: the BIPV
manufacturer and the glass manufacturer collaborate to

produce theinsulated glazing unit (IGU) needed. The PV
product is supplied tothe fagade maker.

Facade maker: the fagcade maker assembles the facade off site
and delivered it to the construction site. The fagade maker
STAGE 7: Installation makes a quality check on the product.
The facade maker is the first responsible of the PV system
quality
Facade maker: the fagade maker bears the
responsibility for both the installation and the overall
quality of the fagade system.

Electrician: The electricianis responsible for
completing the electrical connections within the
building, including cabling, inverters, optimizers,
etc. Additionally, they provide support tothe facade
makerin the event of any system failures.

BIPV manufacturer: the BIPV manufacturer
provides the electrician with training and furnishes
an installation manual for guidance.

Figure 27 Relevant activities and roles of stakeholders, with BIPV stakeholders highlighted in red (Archetype 7,8,9 —
PV IGU).
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Table 12 Comprehensive assessment of construction processes for the seamless integration of BIPV productsinto
facades (Archetype 7, 8, 9 — PV IGU). The insights presented are derived from in-depth interviews with the project
partners. It is important to note that certain details may pertain exclusively to partner products.

1.1 The BIPV consultant assesses the preliminary energy, economic and technical performance to ensure the project feasibility.

1.2 PVintegration in the preliminary design phase requires comprehensive information from the BIPV manufacturer, covering
sizes (min-max), achievable performances, application constraints, and simulation data (energy, thermal/visual
performance).

1.3 The architect or design support contacts the BIPV manufacturer for "design specifications," encompassing technical-product
specs and budget details.

1.4 The facade maker evaluates the preliminary information from the BIPV manufacturer to assessfeasibility within the tender
period.

STAGE 2 - SYSTEM DESIGN

2.1 Afterproject signing, the facade maker designeridentifies unchangeable constraints for facade design, technical
components, shop drawings, and BIPV engineering.

2.2 If the BIPV manufacturer has no capacity to engineeringthe systemin terms of electrical draws, string connections, cabling,
etc., a BIPV system engineer might be subcontracted from this stage.

2.3 Technical information related to cabling, stringing, and IGU design is obtained from the facade maker.

2.4 Execution drawings, including electrical details, are finalized in this stage.

2.5 BIPV manufacturer selection occurs at the end of the system design stage.

2.6 Paymentagreements may be made for work in the design and system design stages.

3.1 The facade maker performs standard tests on the mock-up.
3.2 Testing, including thermal performance checks, is conducted.
3.3 Electrical performance details are not yet designed.

STAGE 4 - TESTING

4.1 Facade-related testing involves technical details, Low-E coating, solar PVB, and j-box position.

4.2 Testing takes 1-2 weeks, focusing on conventional aspects.
4.3 PV testing should ideally be finalized before electrical design to avoid additional delays on the construction.
STAGE 5 - DETAILED DESIGN

5.1 The design manager collects information from the system designer.

5.2 The fagade maker delineates the items to be supplied in the subsequent stage and formulates the construction plan.
5.3 Cable and stringing details are finalized without any discussions.
5.4 The nextstage's supply is defined.

STAGE 6 - PROCUREMENT AND MANUFACTURING

6.1 The BIPV manufacturer supplies glass and materials to the fagade, not the building.

6.2 Anything inside the building is the responsibility of the electrician.
6.3 The BIPV manufacturer's supply timeline is approximately 14 weeks, with quality checks performed by the facade maker.
STAGE 7 - INSTALLATION

7.1 Fagade installation takes place.

7.2 The electrician handles electrical connections based on detailed design.

7.3 The facade maker holds responsibility for the quality of the PV and PV system.

7.4 The BIPV manufacturer provides training and installation manuals to the electrician/PV installer.

7.5 Intermediate tests may be conducted during the installation stage.
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5.4.3 BIPV construction process for Archetypes 10, 11, 12 (Solar window —iWin)

STAGE 1 STAGE 2
S BUILDING SYSTEM
2 DESIGN DESIGN
I - Strategic definition ~ .
% - Preparation and brief Spatial coordination
S - Concept design
T

STAGE 3

MOCK-UP
MANUFACTURING

- Spatial coordination
- Technical design

STAGE 4

TESTING

- Spatial coordination
- Technical design

STAGE 5

DETAILED
DESIGN

- Technical design

STAGE 6

PROCUREMENT &
MANUFACTURING

- Manufacturing and
construction

STAGE 7

INSTALLATION

Manufacturing and

construction

The system engineer
needs to be involved at
this stage to avoid
additional delays on
the construction

PV needs to be
included at the very
beginning of this stage

The facade maker
requires that all the
electrical components
are supplied

Standard test for
facades: the facade
maker might require fo
check the operation of
the PV product before
and after the test

Enhancement of indoor
comfort and energy
production
optimization.

The Biplies to the
facade maker or glass
manufacturer in
accordance with the
business model of the
facade maker.

The facade maker is
the first responsible of
the PV system quality

BIPV manufacturer
System engineer

BIPV consultant

BIPV manufacturer
Glass manufacturer
Facade maker

Facade maker

System engineer
Facade maker

BIPV manufacturer
(Glass manufacturer)

Facade maker
System engineer

FACADE BUILDING PROCESS FOR ARCHETYPES 10,11,12

Architect

supply

System integrator

BIPV manufacturer Facade maker (Glass manufacturer) BIPV manufacturer

Facade maker

Facade maker
BIPV consultant

TIMING REQUIRED*

26Weeks | | 32Weeks | | 19Weeks | | 6Weeks | | 12Weeks | | 21Weeks | | 13 Weeks
ACCEPTABLE TIMING FOR BIPV*
5 Weeks 1 Week 10 Weeks 1-2 Weeks 2 Weeks 14 Weeks/lot 1 Week

*Referred to the case study building Focchi HQ, Poggio Torriana, Italy Source SUPSI, Focchi

Figure 28 Construction processes for the integration of facade BIPV products (archetype 10,11,12 — Solar window).

Compared to the standard process, several distinctions emerge (Figure 28).

e The integration of BIPV ideally commences early in the construction process, particularly during the
preliminary building design stage. To navigate the various stages, architects and designers may
engage a BIPV consultant, maintaining crucial connections with BIPV manufacturers and other
stakeholders in the value chain.

e In the system design phase, if the BIPV manufacturer lacks electrical engineering capacity, a BIPV
system engineer may be subcontracted. Throughout this stage, the BIPV manufacturer should
provide technical information on PV products to the facade maker.

e During the mock-up manufacturing, the facade maker requires the direct supply of all electrical
components. After a thorough review, the facade maker decides whether to proceed with the BIPV
manufacturer.

e Following the mock-up and testing stages, mirroring traditional processes, the system engineer
finalizes the electrical plan, specifying cables, strings, etc. At this stage's conclusion, all details must
be conclusively settled, allowing no room for further discussion. Simultaneously, a system integrator
may commence work on the design of the indoor comfort and energy production optimization plan.
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e The procurement, manufacturing, and installation stages align with standard construction processes.
The BIPV manufacturer supplies materials to the facade maker or glass manufacturer in accordance
with the facade maker's business model.

e During installation, the BIPV manufacturer is responsible for providing comprehensive installation
manuals and training to the installer.

Figure 29 illustrates the incorporation of new BIPV stakeholders throughout the examined BIPV construction

stages, while Table 13 shows a comprehensive assessment of the construction processes for the seamless
integration of BIPV products into facades.
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PV needs to be included at the very beginning of this stage

BIPV consultant: preliminary energy, economic and
technical assessment toensure the project
feasibility.

Architect: after the demonstration of the preliminary
feasibility and together with the BIPV consultant, the
architect assesses PV product technical and
economic information by commissioning to the
fagade maker feasibility study from the fagade
maker.

BIPV manufacturer: the BIPV manufacturer provides
technical information and a preliminary economic
estimation to the architect.

F acade maker: the fagade maker performs the

feasibility study with the input of the other
stakeholders involved and decides if continuing the

Stat :
Research and Innovation SERI

STAGE 2: System design

The BIPV system engineer needs to be involved at this
stage to avoid additional delays on the construction

BIPV system engineer: if the BIPV manufacturer
has no capacity toengineering the systemin
terms of electrical draws, string connections,
cabling, etc., a BIPV system engineer might be
subcontracted from this stage.

BIPV manufaeturer: the BIPV manufacturer
furnishes technical information on PV products to

collaboration with the BIPV manufacturer. the facade maker. At this juncture, the design

process must ensure the creation of a product
that fully adheres to the specified requirements.

Facade maker: following a thorough review of the
technical information and building norms, the
fagcade maker selects for the BIPV manufacturer.
The facade maker requires that all the electrical components
are supplied to them

BIPV manufacturer: the BIPV manufacturer supplies
the PV product to the fagade maker or glass
manufacturer in accordance with the business model.

=

Glass manufacturer: ultimately, the glass
manufacturer incorporates the PV product into the
Insulating Glass Unit (IGU) and then provides the
finished product to the facade maker.

Standard tests for facades are performed

Facade maker: the fagade maker conducts
standard tests onthe facade and its components,
such as EN 13830:2005, and may need to verify
the operation of the PV product both before and
after the testing process.

BIPV manufacturer: the BIPV manufacturer
conducts specific tests on the PV product prior to
further stages in the process.

Facade maker; the fagade maker manufactures the
mock-up including the PV elements.

STAGE 5: Detailed design

Indoor comfort and energy production optimization

Facade maker: allnecessary designinformation
has been finalized. The fagade maker delineates
the items tobe supplied in the subsequent stage
and formulates the construction plan.

BIPV system engineer: the system engineer
concludes the electrical plan, covering aspects
such as cables, strings, etc. At the culmination of
this stage, all details must be unequivocally

settled, leaving no room for further discussion.

System integrator: at this stage the system The BIPV manufacturer provides the PV material to facade
integrator might be introduced to optimize the maker or glass manufacturer

indoor comfortand the energy production of the BIPV manufacturer: the BIPV manufacturer supplies the PV

system product to the facade maker or glass manufacturer in
accordance with the business model.

Glass manufacturer: ultimately, the glass manufacturer
incorporates the PV product into the Insulating Glass Unit (IGU)
STAGE 7: Installation and then provides the finished product to the facade maker.
F acade maker:; the fagade maker assembles the facade off site
kSRRt responsilBofhag\isysien and delivered it to the construction site. The fagade maker
gliality makes a quality check on the product.
Facade maker: the fagade maker bears the
responsibility for both the installation and the overall
quality of the fagade system.
Electrician: The electricianis responsible for
completing the electrical connections within the
building, including cabling, inverters, optimizers,
etc. Additionally, they provide support to the fagade
maker in the event of any system failures.

BIPV manufacturer: the BIPV manufacturer
provides the electrician with training and furnishes
an installation manual for guidance.

Figure 29 Relevant activities and roles of stakeholders, with BIPV stakeholders highlighted in red (Archetype 10, 11, 12
—Solar window).
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Table 13 Comprehensive assessment of construction processes for the seamless integration of BIPV productsinto
facades (Archetype 10, 11, 12 — Solar window). The insights presented are derived from in-depth interviews withthe
project partners. It is important to note that certain details may pertain exclusively to partner products.

1.1  The BIPV consultant assesses the preliminary energy, economic and technical performance to ensure the projectfeasibility.

1.2 The BIPV manufacturer furnishes technical information to the architect or engineering firm, involving RAL colours of slats,
optical/thermal details, thermal information, including glare and temperature within the glazing unit, and all relevant
electrical output data. Cost analysis and Return on Investment (ROI) figures are also provided.

1.3 The architect relies on this information to persuade the client/developer/building owner to invest in the PV solution.

1.4  Beforeincluding the BIPV manufacturer in the tender, the client tasks the facade maker with evaluating the BIPV
manufacturer. This involves budget estimates from the BIPV manufacturer, sharing preliminary sizes and quantities with
the fagade maker, and a commitment request to execute the project. Technical details are sought to assess the BIPV
manufacturer's capabilities and mitigate risks.

1.5 The agreementbetween the facade maker and the building owneris signed during this stage
STAGE 2 - SYSTEM DESIGN

2.1  Afterprojectsigning, the facade maker designeridentifies unchangeable constraints for facade design, technical
components, shop drawings, and BIPV engineering.

2.2 If the BIPV manufacturer has no capacity to engineeringthe systemin terms of electrical draws, string connections,
cabling, etc., a BIPV system engineer might be subcontracted from this stage.

2.3 Technical information related to cabling, stringing, and IGU design is obtained from the facade maker.

2.4  Execution drawings, including electrical details, are finalized in this stage.

2.5  BIPV manufacturer selection occurs at the end of the system design stage.

2.6 Paymentagreements may be made for work in the design and system design stages.

3.1 If necessary,a mock-upis created, upon client request, to validate design quality and prevent production issues.
3.2 Tests, including mechanical and potentially thermal assessments, are conducted on the glazing units.
3.3  The facade maker insists on the direct supply of all electrical components.

STAGE 4 - TESTING

4.1 Standard facade testing is primarily conducted, with the facade maker assuming responsibility for the facade.

4.2 PV testing should ideally be finalized before electrical design to avoid additional delays on the construction.
STAGE 5 - DETAILED DESIGN

5.1 The fagade maker manages the facade design, while the BIPV manufacturer designs their product for execution.

5.2  Defining the operational pattern is crucial to meeting promised ROI figures established during the commercial stage.
5.3  Asystemintegrator may beintroduced at this stage to optimize indoor comfort and energy production.

5.4  Cable and stringing details are finalized without any discussions.

6.1 If the facade maker handles IGU supply, the BIPV manufacturer directly supplies PV materials. Alternatively, if the facade
maker isn't responsible for IGU, the BIPV manufacturer supplies materials to the glass manufacturer, who then provides
the IGU to the facade maker
STAGE 7 - INSTALLATION

7.1  Fagade installation takes place.

7.2 The electrician handles electrical connections based on detailed design.
7.3  The facade maker holds responsibility for the quality of the PV and PV system.

7.4  The BIPV manufacturer provides training and installation manuals to the electrician/PV installer.
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6 BIPV case study: ElectroSol building — Thin film metal cassette

To gain a deeper insight into the utilization of a material fagade cladding system compatible with lightweight,
glass-free PV modules (Chapter 2.3.3), it is presented a BIPV case study and its associated process.

Building application - Facade opaque

Technological system | - Rainscreen

Semi-fabricate - CIGS cells with
polymeric
protective layer

MC2.0 archetype - Archetype 01

Active cladding surface | m? 134

Orientation - N; E

Tilt ° 90

Nominal power kWp 10.1

System power density | Wp/m?| 75.4

BIPV technology - Cassettes in

semi-hard

aluminum sheet
PV technology - Flexible CIGS
Customization in size - On demand
Customization in colour | - On demand

Situated in Cossonay, Switzerland, this installation
showcases a state-of-the-art photovoltaic system
seamlessly integrated into the northern and
eastern facades of an industrial wooden building.
The integration entails embedding the
photovoltaic panels within a ventilated metal
cassette. To complement the active PV modules,

D3.3 — Market Archetypes report and competitiveness

Figure 30 North and east fagade equipped with CIGS panels in the form of ventilated metal cassette.

custom dummy modules (cassettes only) were
meticulously crafted to precisely fit once the
active modules were installed.

Figure 31 Detail of the substructure.
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In the Table 14 is described the construction value chain and the GANTT for the specific case study, which

involved the participation of three stakeholders:

e Stakeholder 01 as BIPV system owner, Project manager, Electricity contractor;

e Stakeholder 02 as Structural contractor;

e Stakeholder 03 as Fagade contractor.

Table 14 Working plan on construction stage.

Activity Stakeholder | Time (days)
Wood lath assembly 2 3
Cabling preparation 1 1
Assembly of aluminium profiles for PV modules 1 1
Assembly of inter-module trunking 3 1
PV module assembly and connection 1 3
Finishing sheet assembly 3 2

In collaboration with Stakeholder 01, we have identified and delineated the challenges encountered
throughout the construction process, along with an assessment of potential risks.

Electrical planning complexity: The electrical planning for a photovoltaic installation utilizing CIGS
technology modules differs significantly from that of Silicon modules. Voltage and current values
necessitate shorter strings and a greater number of strings in parallel.

Connector compatibility: Ensuring compatibility between the DC connectors in the PV modules,
string connectors, surge protection boxes, and inverters is crucial to maintain system functionality
and safety.

Waterproofing measures: Despite the decision not to use trunking between two columns of
modules, some had to be installed to guarantee watertightness, addressing a potential vulnerability
in the system.

Aesthetic considerations: The supporting structure and sub-covering become visible on clear days.
To mitigate this aesthetic concern, inter-module trunking has been implemented.

Delamination risk: There is a potential risk of PV modules becoming detached from the metal casing,
although, as of now, no instances of delamination have been detected.

Profile alignment: Special attention is required for the alignment of profiles for PV modules,
especially as they are not installed continuously along the entire length of the facade. Vigilance in
this aspect is crucial to maintaining structural integrity and aesthetic coherence.
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7 Discussion

This deliverable poses the challenge of demonstrating the market competitiveness that effectively
communicates the attractiveness of the BIPV sector and underscores the skill enhancements required for
both traditional and emerging professionals across the construction value chain, as well as end-users and
decision-makers. In particular, have been presented compelling business cases, outlining a market-entry
roadmap, and identifying key drivers that facilitate the seamless integration of PV technologies into buildings.

The main achievements are the following:

Chapter 2 “BIPV market offer as archetypal building technologies”: based on the building
application, technological systems, and PV semi-fabricate, it was identified and delineated 12 distinct
BIPV archetypes to characterize the current BIPV market offer. These archetypes not only function
as benchmark categories within the construction sector but also wield significant influence in shaping
new business models, determining market allure, and establishing a robust groundwork for
subsequent project phases. Furthermore, the MC2.0 project has introduced a spectrum of innovative
products, which have been strategically analysed as archetypes to offer comprehensive insights to
diverse stakeholders, including designers, decision-makers, and building owners.

Chapter 3 “BIPV market demand”: The market demand assessment, derived from a comprehensive
survey, highlights key parameters for BIPV products and producers. These include product requisites,
provider expectations, stakeholders in the BIPV value chain, project drivers, and feedback on thin
film BIPV products and MC2.0 archetypes. The key results can be interpreted in various ways. For
example, according to the survey the key parameters for BIPV products are Aesthetics (1st), Cost
(2nd), Certification and Compliance to norms (3rd), High Quality (4th), and Clear technical data (5th)
emerge as top priorities aligning with market demand, influencing product development. Crucially,
considering the rise of small start-ups in the EU BIPV market, producers must fulfil prerequisites:
instilling market trust (1st), having a viable business model and visibility (2nd), demonstrating
expertise to partners (3rd), and providing a clear product offering (4th). Interpreting these results is
subjective based on the BIPV producer's profile, but the market inherently seeks a reliable supplier
delivering an aesthetically pleasing, cost-effective, and high-quality product with clear descriptions
and robust support. The weight of these factors varies with market dynamics, stakeholders,
applications, and projects, paving the way for future in-depth studies.

Chapter 4 “Stakeholders’ analysis”: due to the absence of comprehensive stakeholder maps for the
BIPV process, this activity endeavours to offer a more intricate comprehension of the diverse
stakeholder landscape associated with each archetype. The creation of such a detailed list holds the
potential to shed light on the extensive technological and administrative value chain encompassed
by BIPV solutions. The proposed stakeholder classification aligns with the logical progression of a
typical construction project process, although its universal applicability may vary. The identification
of both new and traditional professionals within the BIPV-related value chain is complemented by
the articulation of specific requirements and potential areas for upskilling. This analysis lays the
groundwork for the subsequent project stage, strategically crafted to enhance the involvement of
stakeholders throughout the building process.

Chapter 5 “Integration of BIPV archetypes into facade construction processes”: The analysis
emphasizes distinct construction phases and working categories mapping base on real business
cases. Through an examination of the construction process in reference case studies and
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technological systems, and in contrast to conventional procedures, few distinctions surfaced with

the incorporation of BIPV solutions. Key findings and recommendations include:

O

Initiation timing: recommending the early integration of BIPV during the initial phases of
building design.

Guidance for architects and designers: advocating collaboration with BIPV consultants
throughout the stages, ensuring continuous engagement with BIPV manufacturers and other
stakeholders in the value chain.

System design phase: suggesting the potential subcontracting of a BIPV system engineer in
cases where the BIPV manufacturer lacks electrical engineering capabilities.

Finalization of system design: emphasizing the need for conclusive settlement of particulars
at the culmination of the system design phase, leaving no room for further deliberation.
Installation phase: highlighting the importance of comprehensive installation manuals and
training provided by the BIPV manufacturer for the installer.

Limitations of the method arise from its focus on specific steps within the fagade construction
process, primarily centred on target buildings. Future analyses will expand the scope to encompass
a broader range of building types, both photovoltaic and non-photovoltaic.
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