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LIST OF ABBREVIATIONS 

ACRONYM DESCRIPTION 

ADBE Adaptable/dynamic building envelope 

BEMS Building Energy Management System 

BIM Building Information Modelling 

BIPV Building-Integrated Photovoltaics 

BMS Battery Management System 

BoM Bill of Materials 

CAD Computer Aided Design 

DCP Device Configuration Platform 

ETICS External Thermal Insulation Composite System 

HEX Heat exchanger 

HVAC Heating Ventilation and Air Conditioning 

IAQ Indoor Air Quality 

IoT Internet of Things 

MDF Medium Density Fibreboard 

OSB Oriented Strand Board 

PCM Phase Change Materials 

PLC Programmable Logic Controller 

PP polypropylene 

PU Polyurethane 

PV  Photo Voltaic 

PVC Poly Vinyl Chloride 

RED Radio Equipment Directive 

RoHS Restriction of Hazardous Substances 

RP Renovation Package 

TES Thermal Energy Storage 

UV Ultraviolet 
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2.1.1 Compressor 

The selected compressor is of semi-hermetic piston type, Dorin H4000cc. This compressor is 
suitable for HVAC and refrigeration applications. 

 

Figure 2: The Dorin H4000cc semi-hermetic piston compressor.  

 

2.1.2 Heat exchangers 

The dimensioning was based on the specifications of the shell and tube heat exchangers 
produced by FARAD company. Figure 3 illustrates the type of the shell and tube HEX that was 
designed for the specific requirements. 
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Figure 3: Drawing of the shell and tube heat exchangers as condenser (up) and evaporator (down).  

 

2.1.3 Air-cooler/heater 

PSYCTO develops and manufactures its air-source evaporators and condensers and has 
developed its own design software for this purpose. For the design of the air-cooler, the available 
software has been applied, which provides the specifications that are used afterwards for the 
design process. The specifications of the air-cooler as provided by the design software are given 
in the following figure. 
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Figure 4: Technical specifications of the air-cooler. 
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The air-cooler has been designed by PSYCTOTHERM, according to the above specifications and 
the design is presented in the following Figure 5, taking into account also the availability of the 
space for the installation. 

 

Figure 5: 3D drawing of the air-cooler.  

 

2.1.4 Accumulator 

The accumulator is an important component in heat pumps, as it ensures that the fluid that will 
be sent to the compressor will be exclusively in a gaseous state, to protect the compressor. The 
container chosen as an accumulator in this unit is from the company OCS COLD, with a volume 
of 30 litres. 

 

Figure 6: Accumulator OCS COLD of the unit. 

 

2.1.5 Electrical/control panel 

The electric panel hosts all switches, electrical breakers, relays, the controller of the electric 
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expansion valve, and other minor parts. The main components of the panel are the inverter that 
controls the speed of the air fan of the air-cooler and the Programmable Logic Controller (PLC) 
that monitors and controls the heat pump operation.  

2.1.5.1 PLC unit 

The PLC that was selected is the Mitsubishi FX5U-32MR-ES with 16 digital inputs and 16 digital 
outputs, while there are integrated two channels with analogue input and 1 analogue output (12 
bit (0-10 V DC input/output). The PLC unit is depicted in Figure 7. 

 

 
Figure 7: The Mitsubishi FX5U-32MR-ES PLC unit. 

The operating ambient temperature of the PLC is 0 to 55oC for an operating ambient humidity 
between 5 and 95%. Its rated voltage is from 100 to 240 V AC and the power consumption is up 
to 30 W. The generic specifications of the PLC are shown in Figure 8. 

 

 
Figure 8: Generic specifications of the Mitsubishi FX5U-32MR-ES. 

 

2.1.5.2 Inverter 

The inverter type that was selected is the Mitsubishi Inverter Drive FR-D740-160, three-phase 
400 V with IP20 and motor output up to 7.5 kW. The frequency range that is allowed is up to 25 
Hz, in order to ensure an adequate oil lubrication of the compressor parts. The inverter is shown 
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over the supply of the loads instantly.  

 

Figure 14: The proposed MultiPlus 24/3000/70 

2.2.4 MPPT Controller 

The MPPT controller that will be installed in the ADBE system will gather the energy produced by 
the PV system and store it in the battery system. It will constantly monitor the voltage and current 
output of the panels and maximize the energy harvest. The control system allows charging of the 
batteries in the shortest time, increasing the efficiency of the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: The proposed solar charge controller MPPT 150/35 
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2.2.5 Energy Storage System 

The excess energy produced by the photovoltaics when the load demand is met will be stored in 
a battery storage system. In total a battery stack of 12 units will be installed in the building to 
supply the load indicated by the demo site. The proposed batteries are shown in Figure 16. It is 
worth noting that the initially proposed battery type has been replaced with a new battery storage 
system, type 2V 6 RES OPzV 935, manufactured by Sunlight. This change was made because 
the production has stopped by Victron Energy and therefore the batteries are unavailable in the 
market. The newly selected system is similar to the initially proposed, is compatible with the 
inverter and controller units and does not affect the performance of the whole ADBE system. It is 
tested by the manufacturer and complies with the European and National Standards. 

 

 

Figure 16: The battery energy storage system, type 2V 6 RES OPzV 935  

 

2.3 RP3 SMARTWALL COMPONENT BREAKDOWN 

The generic version of SmartWall that was designed for the REHOUSE project and for the specific 
demonstration building of Kimmeria, Greece, is indicated in the figure below. The basic 
components of the REHOUSE SmartWall will be an L profile steel frame, an insulation material 
and a cladding, which is usually a cement board when the SmartWall is placed externally and a 
gypsum board when the SmartWall is placed internally. In addition, in specific SmartWall panels 
and depending on their positioning on the building, some other components will be integrated, 
such as a ventilation system, an active fire protection system, a PV panel, a window with 
integrated blinds and a toolbox containing sensors and other electromechanical components for 
the control of the different technologies. 

One unit of SmartWall for the Rehouse Project is defined as a panel of 3.30 m (h) x 1.60 m (l) x 
0.7 m (w) and incorporates a window of (W) 1240 mm, (H) 1250 mm. Additionally, the SmartWall 
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Figure 24: Flow distributor flange 

 

 
Figure 25: PCM 4°C data sheet 
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Figure 34: Data dashboarding 

2.5 RP5 MULTI-PURPOSE FAÇADE COMPONENT BREAKDOWN 

Renovation Package 5 (RP#5) is an innovative variant of the ETICS (External Thermal Insulation 
Composite System) façade system. This advanced system integrates the active energy efficiency 
of BIPV (Building-Integrated Photovoltaics) with thermal-acoustic insulation, offering a 
comprehensive solution for both active and passive energy efficiency. 

By incorporating natural insulation materials made from bio-based fibres, RP#5 achieves a 
reduction in CO2 emissions starting from the production phase. Additionally, the integration of 
photovoltaic modules provides a renewable energy source to meet the heating and air 
conditioning demands of the building, further decreasing its overall CO2 footprint. 

 

Figure 35: Rendering of the components of RP#5 
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Table 9: Constituent components of renovation package 5 and their quantity 

NR. 
NAME OF THE 
COMPONENT 

MATERIAL QUANTITY 

1 SUB FRAME  Aluminum 2.340  Kg 

2 INSULATION Hemp 677 m² 

3 CASING Aluminum 1.416 Kg 

4 CLADING Cement Fibre 51 m² 

5 BIPV Polycrystalline Glass 342 m² 

 

2.5.1 Subframe 

The substructure of the Multi-Purpose Facade was meticulously designed to accommodate 
insulation panels, facilitate natural ventilation, and support both PV modules and finishing fibre 
cement panels.  

The substructure is constructed from commercially available materials and offers versatile 
mechanical properties that simplify installation. Its modular design ensures it can be replicated on 
the facades of the demonstration site and other buildings, enabling the envelope's widespread 
use in future renovations. 

A critical design requirement was the digitization of the entire RP#5 through a BIM model. The 
substructure components are so divided into three distinct subfamilies:  

- A - fasteners,  

- B - anchors,  

- C - supports.  

The table below outlines the quantities, characteristics, and references extracted from the Bill of 
Materials (BOM) developed for the renovation package. 

 

Table 10: Substructure quantities, characteristics, and references extracted from the Bill of Materials 
(BOM). 

REF. BIM FAMILY DESCRIPTION SHAPE MATERIALE Quantity 

1.1.1 B SUPPORT BRACKET 

 

ALUMINIUM 

EN_AW-5052 1.041 pc 

1.1.2 A 

SCREW-DOWEL 

D 8 x 100 mm 

S 6 x 105 x 8 mm 
 GALVANIZED STEEL 2.129 pc 
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issues. Made from mature elements, it avoids toxic emissions, maintains ideal indoor 
temperatures, and reduces CO2 emissions. Additionally, it offers cost-saving benefits. 

For this insulation component, the digital family in the BIM model is categorized into two 
subfamilies: 

- A - fasteners 

- D - insulators.  

Table 11 details the quantities, characteristics, and references extracted from the Bill of Materials 
(BOM) developed for RP5. 

 

Table 11: Insulation panels quantities, characteristics, and references extracted from the Bill of Materials 
(BOM). 

REF. BIM FAMILY DESCRIPTION SHAPE MATERIAL QUANTITY 

2.1.1 D 

HEMP 
MULTIDENSITY 

INSULATION PANEL 

600 x 1100 x (80+20) 
mm 

 

HEMP 677 m² 

2.1.2 A DOWELS 

 

STEEL & POLYMERS 3.081 pc 

2.1.3 D 
CONNECTING TAPE 

PCF 10 
 

TNT 2.230 ml 

2.1.4 D 
MEMBRANE 

SSTS0 
 

FELT & POLYMERS 60 m² 

 

2.5.3 Casing 

At the Margherita di Savoia demonstration site, as in any renovation project, casing systems are 
essential to ensure the continuity of the façade. 

Architectural elements such as windows and balconies require seamless integration. To achieve 
this, aluminum trim covers were chosen during the design phase to maintain architectural 
coherence. 

The BIM family created for these casing components is divided into two subfamilies: 

- E - flashings and covers 

- F - flashings. 

Table 12 provides the quantities, characteristics, and references extracted from the Bill of Materials 
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(BOM) developed for RP5, similar to the previous cases. 

 

Table 12: Casing quantities, characteristics, and references extracted from the Bill of Materials (BOM). 

REF. BIM FAMILY DESCRIPTION SHAPE MATERIAL QUANTITY 

3.1.1 

3.1.1 

3.1.2 
E 

CORNER CASING 

312 x 312 x 1,8 mm 

342 x 170 x 1,8 mm  

90 x 70 x 1,8 mm  

 

ALUMINIUM 385 kg 

2.1.2 E 

HORIZONTAL 
CASING 

331 X 362 X 1,8 mm 

16 X 300 X 1,8 MM 

70 X 360 X 1,8 mm  

ALUMINIUM 660 kg 

3.3.1 

3.3.2 

3.3.3 
F 

CONNECTING TAPE 

PCF 10 

 

ALUMINIUM 347 kg 

2.1.4 A 
SS SELF DRILLING 

PH SCREW  
GALVANIZED STEEL 3.129 pc 

 

2.5.4 Cladding 

For the construction of the ventilated façade, following the installation of structural elements and 
insulating panels, the cladding must be applied. This façade will feature colored glass photovoltaic 
modules. To balance production needs and aesthetics, non-active colored glass dummy modules 
will also be used. 

Architecturally, the decision was made to match the lower part of the building with the motif of 
adjacent buildings. Therefore, a band of fibre cement panel cladding was installed. In areas 
accessible to people, active energy-producing modules were avoided to prevent shading and 
mitigate risks associated with the active part. 

To align with the project's innovative digitization process, the façade cladding family was divided 
into two subfamilies: 

- G - Flashing and cladding panel covers 

- F - Flashing 

Table 13 outlines the quantities, characteristics, and references extracted from the Bill of Materials 
(BOM) developed for RP#5, as in previous cases. 

 

 



34 Co-funded by the 
European Union 

 D2.6 / Guidelines for the manufacturing process of 8 renovation packages  

 

 

 

Table 13: Cladding quantities, characteristics, and references extracted from the Bill of Materials (BOM). 

REF. BIM FAMILY DESCRIPTION SHAPE MATERIAL QUANTITY 

3.5.1 

3.5.2 

3.5.3 

3.5.4 

3.5.9 

3.5.10 

3.5.11 

G 

TECTIVA  

CLADDING 

 SYSTEM 

730 X 1100 X 8 mm 

610 X 110 X 8 mm 

590 X 1100 X 8 mm 

290 X 1100 X 8 mm 

730 X 760 X 8 mm 

730 X 820 X 8 mm 
 

FIBERCEMENT 
PANEL 55 m² 

3.6.1 A RIVET UNI-RIVET 

 
STEEL & POLYMERS 1.768 pc 

3.6.2 A STOP GASKET 
 

POLIMERS 456 pc 

3.7.1 C VERTICAL SUPPORT 
 

FELT & POLIMERS 53 kg 

3.8.1 C VERTICAL BRACKET 

 
ALUMINUM 49 kg 

3.9 A 
SS SELF DRILLING 

PH SCREW  
GALVANIZED STEEL 264 pc 

 

2.5.5 BIPV 

SUNAGE's colored BIPV module serves as the outer cladding of the RP#5 system, offering an 
optimal balance between aesthetics and efficiency. Among the various finishes and colors 
provided by SUNAGE, the "SUNCOL RED" color was selected for the Italian demonstration site. 

As part of the project, SUNAGE collaborated with RI and PW to develop a product designed for 
quick, safe, and tailored installation to a prefabrication-oriented approach. An innovative fastening 
system was developed for the BIPV modules and applied to the back of the PV modules during 
production. This system utilizes three specially designed aluminum profiles, ensuring fast and 
secure installation without the need for adhesives typically used in PV module applications with a 
sealing system called back rail. 

This adhesive-free mechanical fastening system offers several advantages: it improves 
environmental sustainability by facilitating future disassembly, reuse, and disposal, reduces costs 
and production time, and minimizes environmental impact. Additionally, the system's flexibility 
allows for the easy removal and replacement of individual modules in case of malfunction. The 
"sun puzzle" system ensures adaptability to different sizes of both active (ACTIVE modules) and 
DUMMY photovoltaic modules. 
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A photovoltaic module size of 730 x 1100 mm for the Italian demonstration site was chosen. This 
size provides a good balance between coverage flexibility and weight, allowing for faster 
installation. Operators can handle and fix the cladding either manually or using manual and 
electric suction cups. 

In line with the project's digitization process, the BIM family was created and divided into two 
subfamilies: 

- H - PV panel 

- F - Blind panel 

Table 14 details the BIPV cladding quantities, characteristics, and references extracted from the 
Bill of Materials (BOM) developed for RP#5. 

 

Table 14: BIPV quantities, characteristics, and references extracted from the Bill of Materials (BOM). 

REF. BIM FAMILY DESCRIPTION SHAPE MATERIAL QUANTITY 

3.10.1 

3.10.2 

3.10.3 

3.10.4 

H 

SUNCOL BIPV 
SYSTEM 

730 X 1100 X 7 mm 

730 X 460 X 7 mm 

590 x 1100 x 7 mm  

610 x 1100 x 7 mm  

POLYCRISTALINE 
GLASS 342 m² 

3.10.5 

3.10.6 

3.10.7 

3.10.8 

3.10.9 

I DUMMY 

 

POLYCRISTALINE 
GLASS 1.768 pc 

3.11 A NO HEAD SCREW 
 

INOX 1.776 pc 

3.12 A 
SS SELF DRILLING 

PH SCREW  
GALVANIZED STEEL 418 pc 

3.13 C 
PROFILES 

B 
 

ALUMINUM 100 kg 

3.3.14 C 
PROFILES  

A  
ALUMINUM 70 kg 
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Figure 36: Wooden structure of the panel 

2.6.2 Thermal insulation 

The panel insulation is made of wood fibre, with a density of 80 kg/m³ and a thickness of 50 mm. 
with a thermal conductivity set at 0.038 W/mK. In the case of a PanoRen with 5 layers of wood 
fibre (250 mm), the thermal transfer coefficient U thermal conductivity is 0.18 W/m²K (without 
counting the cladding elements). This corresponds to the configuration which will be implemented 
on the Saint-Dié demonstrator. 
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Figure 37: Insulation of the panel (in yellow on the diagram) 

2.6.3 Glue 

The glue is made of polyurethane (PU) and is applied between each fold of the panel to ensure 
its structural strength. It holds all the wood together. 

 

 

Figure 38: Panel gluing (gluing areas in red in the diagram) 
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2.6.4 Rain screen 

The panel's rain screen is made of polypropylene (PP) and makes the panel watertight. It has a 
UV resistance of 1,000 h (3 months) and can be adapted to suit the cladding used. In general, it 
is installed on both sides of the panels to protect the insulation because in most cases, the existing 
structure of the building to be renovated provides the function of a moisture barrier. 

 

Figure 39: Rain screen of the panel 

2.6.5 PanoRen fixing system 

As part of the REHOUSE project, a new type of Panobloc fixing is being tested. Conventionally, 
the fixing points in the facade of the building to be renovated are installed and take up the entire 
weight of the Panobloc. In the present case, this involves stacking the modules on top of each 
other, the fixings in the walls are then sized to avoid the modules tilting (i.e. wind and seismic 
stresses). This new type of fixing will reduce installation time. It will not completely replace the 
current system but will complement it in cases where it can be implemented. 

The fittings are made of steel with an anti-rust paint finish. The top fitting is fixed to the panel and 
the bottom to the building structure. It holds the façade panels to the structure of the building. 
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Figure 40: Fitting solution 

2.6.6 Ventilation system integrated into PanoRen 

The ventilation pipes will be directly integrated into the PanoRen on the side of the existing wall 
in order to limit thermal losses. It will therefore be a question of carrying out double-flow ventilation 
in order to maximize thermal performance. 

The ventilation ducts integrated inside the PanoRen are made of PVC and have a cross-section 
of 40 mm x 100 mm (equivalent of a diameter 80 in circular section, which makes it possible to 
supply a single blowing point per circuit). It is inserted into the last fold of the panel and then 
connected to the central ventilation. 

 

Figure 41: Ventilation duct of the panel 

Blower outlets are currently being developed and will be described in later deliverables. In 
particular, they will have to incorporate a flow adjustment function based on the same principle 
as the following figure, developed by SVE. The aim is to balance the ventilation network without 
the user having access to the device, so as not to unbalance the network. This type of device is 
located upstream of the air vent. 
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Figure 42: Example of balancing system / sound trap 

 

 

Figure 43: Installation of ventilation pipes 

Vertical routing depends mainly on two parameters: the number of dwellings to be supplied and 
the type of distribution (parallel or serial). The following figure shows an example of a building 
close to the demosite. Depending on the size of the building, the pipes may or may not be 
integrated into the PanoRen. 
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Figure 44: Integration of vertical tubes (in purple and green on the diagram) 

 

2.6.7 Second life PV modules 

The goal here is to integrate second-life PV modules in order to improve the environmental impact 
of the installation. 

In general, the supply of second life modules is variable and depends on available deposits. As 
part of the REHOUSE project and in particular for the installation on the demonstrator, the 
selected references are as follows: Solarworld modules (SW 270 Mono) with a peak power of 270 
W and manufactured in 2013/2014. The modules are reconditioned by the company Solreed 
which is a spinoff from the CEA. 

 

 

Figure 45: Second life module qualification protocol 
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Figure 46: Photovoltaic panel SW 270 Mono 

The electrical architecture is basically variable and depends on the size of the plant, possible 
shading problems for example, there will therefore be either micro-inverters or classic inverters. 

The integration system chosen is that developed by Mecosun company. This integration system 
was originally developed for metal roofs (e.g. storage sheds). Here it is slightly adapted to be 
positioned in front of the rainscreen. Low and high ventilation carried out using folded sheets 
allows good ventilation of the modules in order to limit heating during summer. 
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Figure 47: Details of the Mecosun integration system 

 

It should be noted that an integration system developed with Techniwood is currently being 
evaluated as part of the project. If the durability of the wooden profiles proves conclusive, they 
could replace the Mecosun system. 

 

 

Figure 48: Development of proprietary integration system 
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chain. The second most abundant component in the raw material is lignin, which can make up 
anywhere from 30% to 70% of the total composition. In wood, lignin content is typically lower, 
while it is higher in tree bark. 

Lignin is a three-dimensional macromolecule with a less regular structure compared to cellulose. 
Like cellulose, it contains a high amount of carbon, but it also incorporates a wider variety of other 
atoms in addition to hydrogen, giving it distinct chemical properties. Lignin's complex structure 
plays a key role in providing rigidity and resistance to decomposition in plant materials. 

 

 

 

Figure 50: Structure of lignin 

 

Lignin plays a crucial role in binding parallel cellulose chains together, forming strong connections 
that are difficult to break without damaging the molecules. While lignin can be removed from 
cellulose through chemical treatments, UV radiation, heating, compression, or a combination of 
these methods, its presence in insulation material production is generally not problematic as long 
as the cellulose content is sufficiently high. 

Hemicellulose, which is structurally similar to cellulose, does not require further discussion here. 
The third group of components consists of molecules not classified under cellulose or lignin, 
known as incrustations. These vary by species; for example, black locust contains robinetin, while 
oak contains quercetin. This group also includes ash content, which typically accounts for 1-2% 
in wood, but can reach 3-4% in tree bark. 

As previously mentioned, cellulose can form bonding bridges, but it must first be activated to do 
so. 

2.7.2 Water and vapor resistive additive 

The second key component of activated cellulose insulation is the additive used to enhance 
resistance against water and vapor. Insulation materials face considerable exposure to moisture, 
even beneath the siding of exterior walls. At the Hungarian demo site, the average relative 
humidity is around 70% throughout the year, which poses a significant risk to the integrity of the 
insulation panels. Absorbed moisture can lead to substantial changes in thermal conductivity, as 
well as impact the size, weight, and potential biodegradation of the insulation material. 

Moisture can infiltrate the insulation either by occupying the air spaces or by directly bonding to 
the cellulose fibers through free radicals, primarily the hydroxyl groups. Since water has a much 
higher specific heat compared to other molecules, the transfer of vapor can result in significant 
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from fireproof composite and smaller parts are made from steel. To minimize air flow between the 
closed sliding window and the frame, plastic brushes are applied on the appropriate elements of 
the frame. 

 

Figure 51: 3D drawing of frame.  

 

2.8.2 Mounting console 

To integrate the intelligent windows system into the building, the frame is fixed on the wall by 
multiple L-shaped EJOT Iso-Corner mounting consoles. This solution ensures that practically no 
thermal bridge exists along the mounting elements. 

 

2.8.3 Sliding window 

To establish optimal thermal control through the windows of the building, the intelligent windows 
system utilizes a double-paned sliding window which is filled with Argon gas between the glass 
panes and has special low-emissivity layers on the glass surfaces to minimize heat loss. This 
window can be moved in horizontal direction using two hanging trolleys rolling on a horizontal rail 
which is part of the frame. The trolleys are fixed to the top edge of the window by custom aluminum 
profiles glued to the window. The exposed vertical edge of the window is sealed with a plastic 
edge trim to avoid possible human injury and has a brush fixed on it to improve thermal control 
by reducing air flow when the sliding window is closed. 

 

Figure 52: 3D drawing of the moving window.  
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Figure 56: Sheets of metal and copper pipes during the stress process. 

 

After this procedure, the sheets were bent in different shapes and configurations, by using suitable 
tooling. Once assembled, the casing was manufactured and the fans were placed on the 
assembly. 

 
Figure 57: Metal sheets of the air-cooler casing. 
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The integrated air-cooler is presented in the following Figure. 

 

Figure 58: The completed air-cooler. 

 

Then, the metal base for the unit was manufactured using metal beams combined accordingly. 
When the casing was prepared, the selected components were attached on it. Subsequently, all 
the components and the connections among them were added to the unit. 
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Figure 59: Piping for suction and discharge line of the compressor. 

 

 

Figure 60: Evaporator with temperature sensors at inlet and outlet. 
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Figure 61: Piping for the accumulator. 

 

Figure 62: Connection of the 4-way valve with the suitable lines. 
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Figure 63: Condenser of the heat pump with temperature sensor. 

 

Then, the installation of the electrical part of the unit was completed, including the PLC and the 
whole electrical panel of the unit, which controls and monitors the heat pump operation. 

 

Figure 64: Electrical panel of the unit. 

 

Finally, the integrated unit is ready to be tested at the premises of PSYCTOTHERM, before the 
heat pump is transferred to be tested in real environment at the facilities of DUTH. 
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assembly. 

The smart rubber produced by K-flex gains its responsiveness to the external environment as a 
result of the application of suitable additives responsible for: i. phase transformation with respect 
to temperature, ii. signal amplification by modifying the electrical conductivity of the rubber 
material. For this reason, the processing of the insulating product is no different to conventional 
processing and consists of two stages: I. mixing the ingredients in a mixer, II. shaping by 
calendaring.  

In the following sections, in which further descriptions of the manufacturing processes are 
reported, it must be considered that Intellectual property rights do not allow to present more 
detailed information. 

3.4.1.1 Tank and accessories 

Laser cutting: This technique is used for shaping form sheets all the steel components of the 
PCM TES (e.g., the tank and the collectors) based on the dimensions and specification evaluated 
during the design phase. 

   

Figure 72: Laser cutting process. Source[1] 

 

Bending: This process is used for bending the elements resulting from the previous step in order 
to provide the right angles and shapes for seamless assembly. 

                                                
[1] [Online]. Available: https://easyspray.co.uk/cnc-laser-cutting-machine/. [Accessed 28 10 2024]. 
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Figure 73: Bending process. Source [2] 

 

Welding: Where needed, to permanently assemble the components processed during the 
previous steps TIG/MIG laser welding technique is used for reaching required high precision and 
clean welds.  

 

Figure 74: MIG/TIG laser welding process Source [3] 

 

Mechanical assembly: These steps include all the actions that allows to combine, manually or 
with the support of automatic actions, individual components to form a complete, functional 
product. This stage is crucial in manufacturing as it ensures that all parts fit and work together 
seamlessly. The primary goal of mechanical assembly is to ensure the integrity and functionality 
of the final product. This involves meticulously aligning and fastening parts, verifying their 
operational compatibility, and performing quality checks to detect any defects. By achieving these 
objectives, mechanical assembly enhances the durability and performance of the product, 
ensuring it meets the necessary standards and specifications.  

                                                
[2] [Online]. Available: https://waykenrm.com/blogs/sheet-metal-bending-the-basic-guide-and-tips/. [Accessed 28 10 
2024]. 

[3] [Online]. Available: https://selmach.com/knowledge-base/how-does-an-ipg-lightweld-laser-welder-compare-to-
traditional-mig-or-tig-welding/. [Accessed 28 10 2024]. 
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Figure 75: Mechanical assembly. Source [4] 

3.4.1.2 PCM encapsulation 

The encapsulation process of the Phase Change Material (PCM) within the internal components 
involves several critical steps to ensure optimal performance and durability. The initial stage 
focuses on material pre-treatment, which includes both melting and freezing procedures. This 
step is crucial to stabilize the PCM before it undergoes vacuum packaging, a process where the 
solid and liquid PCM materials are enclosed securely to prevent contamination and ensure 
longevity. The vacuum packaging is key to maintaining the integrity of the PCM, ensuring that it 
can effectively store and release thermal energy as required. 

Following the vacuum packaging, the next phase involves mechanical assembly, integrating the 
encapsulated PCM into the designated system. This stage requires precision and attention to 
detail, as the encapsulated PCM must be positioned correctly within the system to function as 
intended. The overall process ensures that the PCM encapsulation is robust and reliable, capable 
of withstanding various environmental conditions while providing efficient heat storage and 
release capabilities. 

 

Figure 76: PCM encapsulation samples 

3.4.1.3 Smart rubber 

The production of advanced rubber materials involves sophisticated techniques to ensure the final 
product exhibits the desired properties. Two critical stages in this process are the mixing of 
ingredients in a mixer and the shaping by calendaring. These steps are essential for producing 
materials like the smart rubber developed by KFLEX, which is responsive to environmental 
changes. 

The initial step in manufacturing rubber materials is the thorough blending of ingredients. This 
process, referred to as mixing, ensures that the additives are uniformly distributed throughout the 

                                                
[4] [Online]. Available: https://www.linkedin.com/pulse/frp-storage-tank-production-process-boyce-lau/. [Accessed 28 
10 2024]. 
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Figure 79: Graphic of the Main Technologies of RP#5  

3.5.1.1 Bio-based insulation 

The production process of hemp panels consists of two distinct stages: 

- First Stage: 

The process begins with raw materials that are processed by a specialized industrial belt 
machine. This machine mixes, presses, cuts, and forms the fibre panels. 

- Second Stage: 

In this artisanal process, operators work on the fibre panels to create varying densities. 
After these steps, a special mixture of hemp wood, lime, and water is pressed onto the 
panels to achieve the final product in different thicknesses. 

   

a) First stage belt machine b) Second stage fibre panels 
c) Second stage artisanal 

process 

Figure 80: Bio based insulation manufacturing process 
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The manufacturing process consists of the following operations: 

- PV strings welding and bussing to create the PV module circuit (series connection 
usually). 

- PV modules assembling back glass, encapsulating layers, PV cells, front glass. 

- PV module lamination. 

- Junction box application and welding. 

- Performance evaluation and quality control. 

- IN - LOCO Fixing system application. 

- Packaging. 

3.5.2 Special technology or material needed for manufacturing 

3.5.2.1 Bio-based insulation 

The insulation material, BIOCANAPANEL MULTIDENSITY, constitutes an ecological solution 
combining good thermal and acoustic insulation with high dehumidification and thermo-
hygrometric regulation properties of hemp fibres.  

The solution is conceived as a stratified insulating panel with a variable density increasing from 
the inside to the outside in order to guarantee an effective coupling with standard fixing systems 
and to foster high performances in terms of impact resistance and durability.  

Hemp panels: Energy of production is about 2 kW/m2. 

3.5.2.2 Subframe 

The extrusion of alloys such as aluminum requires a significant amount of primary energy, with 
approximately 17,000 kWh needed to produce one ton of the material. Despite this high energy 
demand, aluminum's numerous advantages make it a preferred choice in architecture. Its 
strength, lightness, and stability are unparalleled, making it highly suitable for various 
applications. 

A crucial advantage of aluminum is its 100% recyclability, offering an almost infinite life cycle. 
This recyclability offsets the initial high energy expenditure, contributing to long-term 
sustainability. 

For the substructure, producing approximately four tons of extruded aluminum requires an 
estimated 60,000 kWh. 

3.5.2.3 BIPV 

The production process of photovoltaic modules involves highly specialized machinery and 
advanced technology. Specifically, for the photovoltaic glass modules' production, both the 
photovoltaic and glass manufacturing processes must be considered. 

3.5.2.3.1 Photovoltaic cells 

Photovoltaic cells, predominantly produced in Asia, are created from raw materials through the 
production of ingots and wafers. These are then processed into photovoltaic cells using 
specialized machinery. SUNAGE's production cycle incorporates advanced quality control 
machines, such as electroluminescence photography equipment and performance evaluation 
tools. 
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the largest particles do not exceed 18-20 mm and the smallest are no smaller than 1-2 mm. 

Defibration can be achieved through various methods. Since lignin does not negatively affect the 
insulation panels, its presence actually improves material yield and increases the volume of 
insulation produced. Mechanical fiberization is the simplest method, and although the resulting 
cellulose quality is lower compared to chemical processes, it is far more environmentally friendly 
and consumes less energy. Depending on the initial size and distribution of the raw material, 
multiple fiberization steps may be required, with the fibre size decreasing after each step. 

Fiberization is conducted in wet conditions, and the moisture content of the raw material 
determines the appropriate amount of water to be added for optimal processing. 

 

 

Figure 85: Defibration device 

 

The fiberization technology is well known and widely used for paper making or medium density 
fibreboard (MDF) and high density fibreboard panels. There are various technologies available 
for fiberization, but when it comes to Activated Cellulose insulation, the specific method used is 
not critical. Mechanical pulping, however, has the advantage of requiring simpler equipment and 
does not involve the need for chemical regeneration. 

Once fiberization is complete, the pulp must be formed using a sieve mould. 

 

Figure 86: Shema and the prototype of mold for forming matt 

 

The pulp is poured into the mold, and the top surface must be leveled to ensure the insulation 
mat has a uniform and regular shape.  

After forming the insulation mat, the curing process takes 3-5 days in a closed chamber. 
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4 RP ASSEMBLY PROCESS AND PREPARE FOR 
DELIVERY 

4.1 RP1 MULTI-SOURCE HEAT PUMP 

4.1.1 Prefabrication and preparation for delivery 

The prefabrication and preparation of the RP#1 for delivery to the demo site involve meticulous 
planning and precise execution to ensure that the unit is fully functional and ready for installation 
upon arrival. During the prefabrication phase, all major components, including compressors, heat 
exchangers, control systems, and piping, are assembled and integrated according to the detailed 
design specifications. The system undergoes rigorous quality checks, including pressure testing, 
electrical integrity verification, and functional performance evaluations under simulated conditions 
to validate its operation. Following successful testing, the heat pump is insulated, mounted on a 
robust frame, and fitted with all necessary connections to facilitate easy on-site installation. The 
unit is then securely packaged to protect it during transit. 

 

 
Figure 89: Preparation for the delivery of the RP#1 
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a) BIPV modules packaging, box creation b) final BIPV modules packaging 

Figure 95 BIPV packaging 

 

This systematic approach ensures efficient on-site assembly and minimizes potential issues 
during installation. 

4.6 RP6 PANOREN 

4.6.1 Prefabrication and preparation for delivery 

PanoRen is completely prefabricated to reduce site times and facilitate installation. The panels 
are manufactured on the factory's own production line: 

- Ply formation 

- Gluing the plyers  

- Panel pressing 

- Panel machining 

 

The panel is then covered with waterproofing membranes, the fittings are fixed to the edges and 
the lifting straps are also fitted. 

 

The finishing is then applied: 

- Fitting the joinery 

- Fitting the cladding 

- Fitting the ventilation ducts (PanoRen-integrated tubes only) 

- Fitting the photovoltaic panels 

For the first part of the project, on the test building at the CEA, the various stages were completed 
right through to installation. 
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Figure 96: Laying waterproofing membranes / fitting joinery and cladding 

 

Figure 97: Fitting the photovoltaic panels 

 

Finally, the panels are grouped together to form blocks and then transported by lorry to the 
demonstrator. The modules are then unloaded and positioned on the building one by one using 
a crane. 
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Figure 98: Transport of panels by lorry and unloading at the FACT site 

 

Figure 99: Installation on FACT 
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Figure 101: Formation of the Activated Cellulose side forming 

 

 

Figure 102: One type of final format (hexagonal) 

 

Packaging and Transport: For transport, panels are typically bundled in groups of 5, 10, or 20. 
Special attention is required during packing and securing, as the edges of the panels are vulner-
able to damage from mechanical stress. In comparison, polystyrene insulation, commonly avail-
able on the market, is usually packaged with a plastic covering, which offers limited protection 
against mechanical damage. Although Activated Cellulose insulation has higher mechanical 
strength than polystyrene, it is also denser and therefore requires more robust handling. 

Storage: It is recommended to store Activated Cellulose insulation in a dry, covered area to pro-
tect it from rain. However, slight moisture exposure does not harm the product. 
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