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EXECUTIVE SUMMARY 

The principle of sustainability demands the overall view of the products, not only from cradle to grave, 

but also beyond, focusing on the handling of products components after the end of their life cycle. 

The shortage of raw materials and the high embodied energy required for production emphasise the 

need to recover as much material from the product as possible. From the outset of the REHOUSE 

project, it was emphasised that the design of Renovation Packages (RP) should consider 

environmental aspects and sustainability, including what should be done with the materials after the 

life span in current renovation scenarios.  

Generally, the primary production of materials needs the highest embodied energy, whereas 

secondary and subsequent uses consume much less energy during the transformation or 

manufacturing of new products. This deliverable defines the methodologies of reuse, recovery, and 

recycling potentials of the materials used in different RPs.  

Reuse focuses on extending the life of products by repurposing them without alteration, minimizing 

waste and resource consumption. Recovery involves extracting valuable components or energy 

from waste materials, reducing landfill use and environmental impact. Recycling processes waste 

into new products by breaking down materials, conserving resources, reducing energy use, and 

decreasing pollution by diverting waste from landfills. 

The primary goal is to reuse materials recovered from RPs in their original form at the end of their 

life cycle. If direct reuse is not feasible, the next option is recovery. Should recovery also be 

impractical, recycling is the final step, allowing these materials to be repurposed for new products. 

This deliverable fits logically into a series of structured deliverables, starting with D2.5 “Guidelines 

for integrating the models in retrofitting design-tools”, followed by D2.6 “Guidelines for the 

manufacturing process of 8 renovation packages”, and D2.7 “Guidelines for installation of 8 

renovation packages”, concluding with this report. Together, these four deliverables 

comprehensively describe the full cycle of the REHOUSE RPs, from initial use to recycling, 

highlighting future potential applications. 

 
KEY WORDS: Renovation Packages (RP), guideline, sustainability, material recovery, reuse, 
recycling, environmental footprint. 
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1 INTRODUCTION  

1.1 PURPOSE AND SCOPE OF THE DOCUMENT 

This deliverable has several objectives, all focused on sustainability and fulfilling the requirements 

of a circular economy, which are crucial for the sustainable development. The primary goal is to 

demonstrate the material recovery potential from the Renovation Packages (RPs) developed or 

further refined within the REHOSUE project. In some cases, this recovery is achieved through 

standard technologies, while in other cases, specialized techniques are required, as outlined in 

the relevant RPs. A secondary goal is to provide guidelines for the use of recovered materials. 

This follows a prioritized approach, starting with reuse in a similar form and for the same purpose, 

if possible. Recovery, which generally requires more energy investment, is considered the next 

option, although it still consumes far less energy than producing new materials. Recycling is 

considered the last option, transforming materials into new products when reuse and recovery 

are not viable. 

This deliverable addresses all RPs, focusing on materials present in substantial quantities. It 

explores opportunities for material decomposition in Section 2, and in Section 3, it deals with the 

reuse, recovery, and recyclability of these components. In several cases, specialized 

technologies are required for recycling, and this is addressed where applicable in the context of 

RPs. 

 

1.2 CONTRIBUTIONS OF PARTNERS 

Table 1: Partners’ contribution to D2.8. 

PARTICIPANT SHORT NAME CONTRIBUTIONS 

PSYCTO RP1 – Multi-source heat pump 

RENEL, CERTH RP2 – Adaptable/Dynamic Building Envelop 

AMS, NTUA RP3 – SmartWall 

STT, K-FLEX, TERA, RINA-C, 

SUNAGE 
RP4 – Centralized Holistic Renovation Kit 

RI, SUNAGE, PW RP5 – Multy-Pupose Facade 

TWR, CEA RP6 – PanoRen 

WOODS 
RP7 – Activated Cellulose, 

RP8 – Intelligent Windows System 

CARTIF Support in writing the deliverable 

 

 



2 Co-funded by the 
European Union 

D2.8 / Guidelines for recycling the components of 8 renovation packages 
 

 

1.3 RELATION TO OTHER ACTIVITIES IN THE PROJECT 

Deliverable D2.8, "Guidelines for Recycling the Components of the 8 Renovation Packages," 

plays an essential role in closing the lifecycle of renovation packages by focusing on sustainable 

end-of-life processes. It builds on previous deliverables, starting with D2.2 [1], which provides the 

specifications for each renovation package and its components, forming a basis for defining their 

recycling pathways. BIM-based models from D2.3 [2] offer structural insights that facilitate 

incorporating recycling into design practices, while D2.4 [3] and D3.3 [4] supply performance data 

crucial for assessing material durability and reuse potential. D2.8 complements D2.5 [5], D2.6 [6], 

and D2.7 [7] by addressing recycling after installation, thereby completing the material lifecycle 

and supporting sustainable disposal strategies. Additionally, D2.9 [8] and D4.3 [9] digital assets 

allow the integration of these recycling guidelines, enhancing their practical use throughout the 

renovation process. Insights from D3.6 on design improvements further will refine D2.8 by 

promoting package modifications that facilitate recycling. Finally, D4.7 focus on construction and 

installation ensures that recycling considerations are embedded from the outset, enabling a fully 

circular approach to renovation package management. 

 

Table 2: Connection with other activities of the REHOUSE project. 

ACTIVITY  DESCRIPTION 

T2.2/D2.2 Detailed specification of 8 renovation packages and their components 

T2.3/D2.3 Detailed models of 8 renovation packages (BIM-based) 

T2.4/D2.4 Report of the Long-term performance tests of the components of the RPs 

T2.5/D2.5 Guidelines for integrating the models in retrofitting design-tools  

T2.5/D2.6 Guidelines for the manufacturing process of 8 renovation packages 

T2.5/D2.7 Guidelines for installation of 8 renovation packages 

T2.6/D2.9 Digital products in REHOUSE RPs Repository 

T3.3/D3.3 Definition of the Long-term perf. tests of the components of the RPs 

T3.6/D3.6 
Recommendations to improve the RPs: learnings from the evaluation and 
impact assessment stage 

T4.3/D4.3 Digital Twins of the 4 buildings of the 4 demos 

T4.4/D4.7 
Report of the construction activities pre-fabrication, off-site construction, 
installation of components of the RPs […] 
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2 MATERIAL COMPOSITION OF MAIN COMPONENTS 

This section provides a detailed breakdown of the materials constituting the primary components 

of the 8 renovation packages, offering a comprehensive analysis that will underpin the reuse, 

recycling and recovery recommendations. This information will enable the identification of specific 

techniques to minimize the environmental footprint and optimize the costs associated with 

replacement and valorisation at the end of the components' life cycle, which are explained in detail 

in Section 3.  

This section focuses more on the list of materials rather than the amount of material each 

component contains, such as the quantity of iron, aluminium, glass, etc. 

2.1 RP#1 MULTI-SOURCE HEAT PUMP MATERIALS 

BREACKDOWN 

Heat pumps are designed not only for energy efficiency in mind but also with a focus on 

environmental sustainability, particularly in terms of recyclability. Many of the components used 

in heat pumps, such as metals (copper, aluminium, and steel), plastics, and electronic parts, are 

recyclable at the end of the system’s life cycle. The primary materials, including the metal casing, 

compressors, and heat exchangers, are highly recyclable, allowing for the recovery of valuable 

resources and reducing the overall environmental impact.  

Proper disposal and recycling of refrigerants are also crucial to prevent harmful emissions, which 

is an essential aspect of the sustainable management of heat pumps. Advances in eco-friendly 

designs, combined with a focus on recyclable materials, ensure that the heat pumps contribute 

positively to a circular economy by minimizing waste and promoting resource recovery.  

2.1.1 De-construct the MULTI-SOURCE HEAT PUMP 

When a heat pump reaches the end of its operational life (~15 years), a systematic deconstruction 

and disassembly process is essential to maximize the recyclability of its components. The process 

starts with the safe removal and handling the refrigerants, ensuring they are either reclaimed for 

reuse or disposed of in compliance with environmental regulations to prevent harmful emissions. 

Following the refrigerant removal, the heat pump is disassembled into its main components 

including the compressor, heat exchangers, piping, and electronic controls. Metals such as 

copper, aluminium, and steel are separated for recycling, while plastics and insulation materials 

are sorted by type for appropriate recycling or disposal. Electrical components, including wiring 

and circuit boards, are collected for specialized recycling processes due to the valuable metals 

they contain, such as copper, gold, and silver.  

This careful disassembly process not only maximizes the recovery of valuable materials but also 

minimizes environmental impact by ensuring that valuable materials are recovered and 

hazardous substances are properly managed and do not enter the waste stream. By adhering to 

these deconstruction guidelines, the life cycle of the materials is extended, supporting the 

principles of a circular economy. 

Table 3 shows the main components, materials and quantities.  
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Table 3: Main components with their specifications. 

Nr. Name of the component Material 
Quantity  

[kg, m3, litre…] 

1 
Dorin H4000cc semi-hermetic 

piston compressor 
Steel 249 kg 

2 
Water Condenser (shell and 

tube) 

Steel (Shell), Copper 

(tubes) 

31 lt (tube side), 64-70 

(shell side) 

3 
Water Evaporator (shell and 

tube) 

Steel (Shell), Copper 

(tubes) 

15.5 lt (tube side), 43.1 

(shell side) 

4 Air cooled HEX (fin and tube) 
Aluminium (Fins) / 

Copper (tubes) 

Coil internal volume: 

49.9 lt 

2.1.2 Steel 

The steel components of a heat pump, including structural frames, casings, and various internal 

parts, play a significant role in the unit’s recyclability. During the disassembly process, steel parts 

are carefully separated from other materials such as plastics, copper, and aluminium. After 

separation, the steel is sent to a recycling facility in partnership with Psyctotherm, where the 

recycling process continues. 

2.1.3 Copper tubes 

Copper is a critical material in heat pumps, primarily used in components such as heat 

exchangers, piping, and wiring due to its excellent thermal and electrical conductivity. During the 

recycling process, copper is carefully separated from other materials during the disassembly of 

the heat pump. This includes removing copper tubing, coils, and electrical wiring from steel and 

aluminium parts. Once separated, the copper is cleaned of any residual oils, refrigerants, or 

coatings to ensure purity. Recycling copper from heat pumps not only conserves natural 

resources and reduces the environmental impact of mining but also significantly lowers energy 

consumption compared to producing new copper from raw ore. This closed-loop recycling 

process helps manufacturers meet sustainability goals and supports the overall circular economy. 

2.1.4 Plastics 

Plastics and insulation materials in heat pumps are crucial for housing components, providing 

thermal insulation, and protecting internal parts. However, their recyclability requires careful 

handling due to the variety of polymers and insulation types used. During the recycling process, 

plastics are separated from metals and other materials, often sorted by type, such as ABS, PVC, 

or polyurethane foams, which are commonly found in heat pumps. Insulation materials, such as 

expanded polystyrene (EPS) or foam insulation, are also separated and treated accordingly. 
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2.2 RP#2 ADAPTABLE / DYNAMIC BUILDING ENVELOPE –ADBE- 

MATERIALS BREACKDOWN 

The ADBE solution is an aluminium-glass façade made up of prefabricated, multifunctional panels 

with aluminium frames that are mounted on the wall of the building. The panels are combined 

with batteries for energy storage and can be used in different applications. Its modular design 

allows its components to be installed in a variety of building envelopes, including residential and 

non-residential buildings. The under-study system is constructed on the exterior of the existing 

building structure and therefore renovations can be made under normal operation of the building 

and without experiencing any technical issues. 

RP#2 components are described in Table 4. In total, 32 photovoltaic modules will be installed on 

the south façade of a student resident building (Building C2) in Xanthi, Greece. By de-constructing 

the system into its individual components, it becomes easier to understand how they operate and 

how the different parts interact with each other. 

 

Table 4: Overview of the ADBE system components, materials and quantities 

Nr. Name of the component Material 
Quantity [kg, 

m3, litre…] 

1 Photovoltaic Panels 

Photovoltaic (soda-lime) 

Glass: Amorphous Silicon 

(a-Si) 

32 units, 72 kg 

each 

2 Frame for engulfing the PV glass Aluminium 32 units 

3 

Frame to be mounted on the building’s 

envelope and assemble the PV glass 

facade  

Aluminium 32 units 

4 Hook Aluminium 128 units 

5 Wall bracket Aluminium 128 units 

6 Inverter/Charger Aluminium 18 kg 

7 MPPT Controller Aluminium, plastic 1.25 kg 

8 Energy Storage System 
Tubular PLATANe GEL, 

copper 
49 kg 

 

2.2.1 De-construct the ADAPTABLE / DYNAMIC BUILDING ENVELOPE 

Deconstruction of the ADBE system into its components is a disassembly process aiming at 

recovering its elements. The system is divided into its parts, as mentioned above, and therefore 

they can be easily reused or recycled at the end of their life. More details are given in the following 

sections. 

2.2.2 PV module 

The selected PV modules are constructed using soda-lime glass and consist of the following 

layers: 6 mm tempered glass on both the external and internal sides, with 3.2 mm float glass 
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between the front and rear glasses, as depicted in Figure 1 The PV units are custom-made 

according to the available specifications and cut to fit accordingly. 

At the end-of-life scenario the solar photovoltaic glass is manually disassembled from the building 

and will be transported for recycling. The process of crushing is considered to deconstruct the 

modules to their elements, with the junction box and aluminium frame being removed at first. 

Pulverization is another method that could be considered resulting in small granules of the 

modules, which then will be thermally processed to separate the materials of the grains. 

 

 

(a) 

 

(b) 

 

Figure 1: (a) The PV glass panels assembly and disassembly view and (b) configuration of a PV glass unit and 

properties of the glass material 

2.2.3 Framing  

The PV panels will be framed using aluminium profiles before being installed on the building 

façade, as illustrated in Figure 2. A U-Shape aluminium structure (Figure 3) will be created, and 

the glass unit will be inserted properly (Figure 3b). The framing will then be completed according 

to Figure 3c. Once framed, the panels will be mounted on the building’s façade using aluminium 

frames, which will be fixed to the building with fixed bearings. A total of 32 aluminium structures 

will be used. 

In order to de-construct the aluminium framing from the PV panels, proper cutting equipment 

could be utilized during the disassembly process. High-speed cutting tools could be utilized, such 

as laser cutters, to separate the aluminium frames from the PV module. The disassembled 

framing needs to be further processed in order to be reused. 
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Figure 2: Aluminium profiles for the enclosure of the PV glass panels 

 

 

(a) 

 

(b) 

 

(c) 

Figure 3: Fabrication of the PV framing, a) U-Shape creation, b) PV glass insertion and c) frame completion 

2.2.4 Hooks 

The placement of the PV modules on the wall requires the installation of accessories, specifically 

aluminium hooks. These elements have a simple design and can be easily attached to the PV 

units for a proper installation on the wall’s aluminium structure (Figure 4). A total of 128 hooks are 

required for the system’s construction. The deconstruction process is similar to the assembly of 

the aluminium hooks and can be manually de-constructed as shown in the following figure. 
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Figure 4: Hook assembly and disassembly on the PV panels before their placement on the wall structure 

2.2.5 Wall bracket 

The wall brackets serve as accessories for the aluminium frames. They can be easily mounted 

onto the wall structure and are designed to support the PV modules after their installation (Figure 

5a and b). Made from aluminium, they are lightweight and durable. A total of 128 brackets will be 

utilized. Accordingly, the disassembly process involves the disconnection of the wall bracket 

elements from the aluminium frames manually. 

 

(a) 

 

(b) 

Figure 5: a) Wall brackets on the aluminium structure and b) assembly and disassembly of the module brackets 
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2.2.6 Inverter / charger 

The PV modules will be connected to the selected inverter shown in Figure 6. This device 

combines an inverter and a charging unit, and it can be used in both off-grid as well as grid-

connected photovoltaics systems, as well as other energy systems. It prevents overloading of the 

PV generator, and in the event of a failure or when the PV energy is insufficient to meet the load 

demand, the inverter is automatically activated to take over the supply of the loads instantly. The 

inverter also supports the connection of batteries for standalone applications. To enclosure is 

made from aluminium, and the colour is blue (RAL 5012). Through mechanical and chemical 

processes aluminium and copper metals are extracted and recovered, which can then be 

repurposed or recycled. 

 

Figure 6: The selected MultiPlus 24/3000/70 inverter/charger1 

2.2.7 MPPT Controller 

The MPPT controller is an integral part of the ADBE system, with its primary role being to capture 

the maximum energy produced by the photovoltaics and store it in the battery system. This smart 

control unit operates to fully charge the batteries in the shortest possible time, maximizing the 

efficiency of the system. It is constructed using a combination of aluminium and plastic materials 

at the factory. In order to disassembly the controller unit a manual process is followed, where 

cracking the external case is necessary. A hacksaw could be used to carefully cut the aluminium 

housing after removing screws at the external surface. The inside parts, such as the PCB, wiring 

and rubber will be manually removed and will be further processed for recovery. 

                                                

1 https://www.victronenergy.com/inverters-chargers/multiplus-12v-24v-48v-800va-3kva  

https://www.victronenergy.com/inverters-chargers/multiplus-12v-24v-48v-800va-3kva
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Figure 7: The MPPT 150/35 solar charge controller2  

2.2.8 Energy Storage System 

The excess photovoltaic energy will be stored in a battery storage system. A total of 12 battery 

units will be installed in the building to supply part of the load demand. The selected batteries, 

manufactured by Sunlight, are illustrated in the following figures. Each battery consists of a valve, 

a pole, a container, gel electrolyte, and a tubular positive PLATANe. The storage system is fully 

compatible with the inverter and controller units. The batteries have been tested by the 

manufacturer and comply with both the European and National Standards.  

The assembly and disassembly of the battery units is illustrated in Figure 8. The storage system 

consists of the following parts and:  

1. Positive PLATANes; 

2. Negative PLATANes; 

3. Gauntlet; 

4. Bottom bar; 

5. Pole bridge; 

6. Electrolyte; 

7. Separators; 

8. Container/Lid; 

9. Valve; 

10. Sliding poles; 

11. Pole insert; 

12. External intercell connectors; 

13. Monoblocks’ internal intercell connectors. 

                                                

2 https://www.victronenergy.com/solar-charge-controllers/bluesolar-mppt-150-35  

https://www.victronenergy.com/solar-charge-controllers/bluesolar-mppt-150-35
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Figure 8: Assembly and disassembly of the battery units3 

 

 

Figure 9: The Sunlight 2V 6 RES OPzV 935 battery energy storage system3 

 

 

 

                                                

3 https://energypower.gr/wp-content/uploads/2016/10/sunlight-res-opzv.pdf  

https://energypower.gr/wp-content/uploads/2016/10/sunlight-res-opzv.pdf
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2.3 RP#3 SMARTWALL MATERIALS BREACKDOWN 

The SmartWall is a prefabricated façade designed for the renovation of buildings, combining 

multiples functionalities into one unit. Its aim is to improve the energy efficiency of buildings while 

reducing the duration of construction on site and minimizing disruption to the occupants. The 

SmartWall can include a combination of the following elements, as shown in Figure 10 and Figure 

11: 

1. Thermal and acoustic insulation. 

2. Ventilation system. 

3. Windows and balcony doors. 

4. Renewable energy technologies, such as PV panels. 

5. Automation system/toolbox. 

6. A frame that embraces and supports the aforementioned elements. 

7. Finishes (gypsum or cement boards). 

 

Figure 10 Finishes, frame, insulation materials, automations and fire protection system of the SmartWall 

 

Figure 11: Window, ventilation and PV panels integrated in the SmartWall 

In Table 5 are presented in details all the main and secondary elements and materials of the 

SmartWall system.  
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Table 5: The main and secondary elements and materials of the SmartWall system.  

No 
SmartWall 

Components 
Type of Component Type of material 

1 Frame Structural steel members s245 L shaped steel frame  

2 
Insulation 

materials 

Mineral wool blanket Rock-wool type FIBRAN geo BP-70 

VIP 
Turvac Si: fumed silica core integrated into metalized 

multilayer foil 

Silica Aerogel blanket Silica Aerogel  

XPS panel XPS 

3 Finishes 
Exterior or interior 

finishes 

Cement board of type Aquapanel Outdoor board by 

KNAUF 

4 
Automations/ 

Toolbox 

AMScope 

Steel nuts  

Steel screws  

AMScope unit 

Smoke detectors 

Temperature & humidity sensors 

Electrics 

SOLAR BLC wire  

Rubber PVC Terminals Insulated Ring Connector Φ6 

Wire NYL H05VVF  

LEGRAND VALENA power socket 

LEGRAND VALENA Rollers switch 

LEGRAND VALENA cover for switches / sockets 

Neoprene adhesive tape with PVC rubber  

LEGRAND installation box Φ72 

Cable brackets ECLIP Φ16 

Cable brackets ECLIP Φ25 

Inlet power supply 220V (caravan type) 

Thread Nylon Cable Glands Φ16 

Thread Nylon Cable Glands Φ25 

Circuit Breaker rail mount type Hager MCN520 

Circuit Breaker rail mount type Hager MCN110 

Din rail for circuit breakers 

Rail mount interface connectors Hager  

Active fire protection BlazeCut T series tube  

IAQ sensors 
IAQ sensor 

PSU 5VDC 3A USB micro 
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No 
SmartWall 

Components 
Type of Component Type of material 

5 PV panel  

PV panel BAO 100W 

Battery of type VRLA AGM 

Charger PMW MPPT charger controller 

Inverter of type SUNRIOY 

6 Ventilation  PICO ventilation unit HP2 30m3 

7 Windows Window unit 
Aluminium frame window, with low-e glazing and 

integrated venetian blinds 

*Note: Quantity per SmartWall unit: The quantities constitute sensitive information that cannot be shared in a public 

document. Additionally, final quantities will be also determined after the construction of the demo site prototypes, during 

Task 2.4 – Performance assessment for TRL6 demonstration. 

2.3.1 De-construct the SMARTWALL 

In principle, the SmartWall system can be deconstructed into its individual elements from which 

it was manufactured. The following subsections will detail the deconstruction process of:  

(i) the SmartWall unit, consisted of the finishes, frame, and insulation materials,  

(ii) the automation/toolbox, and 

(iii) the add-ons, such as PV panels, ventilation unit, and windows/balcony doors. 

2.3.2 Smartwall unit consisted of the finishes, frame and insulation materials  

The exterior finish is a commercial cement board, while the interior finish is a commercial gypsum 

board. The frame is made of steel, and the insulation materials include mineral wool blanket, VIP 

(fumed silica core in a metallized multilayer foil), silica aerogel blanket and XPS panel as a thermal 

break. Almost all of these layers can be easily unscrewed and removed, as shown in Figure 12. 

At first, the finishes, i.e. the cement or gypsum board are unscrewed from the frame, then the 

insulation materials are also unscrewed from the frame and finally, the XPS is detached from all 

around the steel frame. Since a proper adhesive has been used for the attachment of XPS to the 

steel frame, the removal of XPS needs the use of a scraper and a sand paper for the removal of 

XPS traces. 

 

 

Figure 12: Construction & deconstruction of the SmartWall layers. 
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2.3.3 Automations/toolbox  

The SmartWall can also include automations systems such as sensors and actuators to control 

the heating, cooling, ventilation, and other building functions, as well as a fire protection system. 

The main components of the automations are:  

(i) electrical parts, such as sensors and actuators, wires and power sockets,  

(ii) battery, charger and inverter only in case that a PV panel is integrated in the system, 

and  

(iii) a fire protection system.  

All the above components are installed by a certified electrician into one box (Toolbox) mainly by 

screwing the individual components in the box and are connected to the main electrical supply as 

normal. Therefore, the deconstruction can be realized by simply unscrewing the toolbox from the 

main SmartWall and then, every electrical and other part inside the toolbox can be also easily 

unscrewed, disconnected and recovered. 

 

 
 

Figure 13: Toolbox dismantling. 
Figure 14: Installation and deconstruction of the toolbox 

and its main parts 

2.3.4 Add-ons: PV panels, ventilation unit and windows/balcony doors 

The add-on components of the SmartWall system include any component that can be integrated 

into the main system of the SmartWall, primarily consisting of PV panels, windows/balcony doors, 

and ventilation units (Figure 15). The installation and deconstruction of these systems follow 

standard procedures for installing and removing PV panels, windows/balcony doors, and 

ventilation units.  

The PV panels are unscrewed from the cement board and removed, while the electric 

components, such as cables, inverters, chargers and batteries, are easily disconnected and 

removed from the Toolbox.  

Windows or balcony doors are removed by unscrewing, though light strokes with a chisel may be 

necessary to detach the window frames, as they are also secured with mastic sealant. 

Similarly, the ventilation system can be removed by unscrewing, with light strokes of a chisel 

needed to break/remove the mastic sealant, putty, and silicone. 
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Figure 15: Add-on components of the SmartWall 

2.4 RP#4 CENTRALIZED HOLISTIC H&C RENOVATION KIT 

MATERIALS BREACKDOWN 

For the Stratified PCM Heat Storage Tank (2x), as well as the electronic and smart devices 

included in RP#4, the breakdown structure of the components in terms of materials and their 

corresponding quantities is summarized in Table 6 and Table 7. 

Table 6: Breakdown structure of Stratified PCM Heat Storage Tank. 

Nr. Name of the component Material Quantity [kg, m3, litre…] 

1 Storage tank (2x) Stainless Steel 2 x 150 kg 

2 Flow distributor flange Stainless Steel 2 x 7 x 15 kg 

3 Insulation material XPS  2 x 0.6 m3 

4 Internal heat exchanger Copper 2 x 5 kg 

5  Encapsulated PCM 4°C Biobased organic wax 250 litres 

6 Encapsulated PCM 9°C Biobased organic wax 250 litres 

7 Encapsulated PCM 23°C Biobased organic wax 250 litres 

8 Encapsulated PCM 37°C Biobased organic wax 250 litres 

9 Encapsulated PCM 48°C Biobased organic wax 250 litres 

10 Encapsulated PCM 58°C Biobased organic wax 250 litres 

11 Encapsulated PCM 68°C Biobased organic wax 250 litres 

12 Charge level sensor  Brass, PCM, electronics 2 x 7 pcs 

13 
Small storage tank for 

DHW 
Stainless steel, PCM 8 pcs x 20 litres 
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Table 7: Breakdown structure of electronic and smart devices 

Nr. Name of the component Material Quantity [kg, m3, litre…] 

1 BeetaBox 
Electronic device (edge 

computer) 
max (155 x 150 x 46) mm 

2 GioE 
Electronic device (edge 

computer) 

(159 x 90 x 58) mm 

(without external 

antennas) 

3 Beeta Power Electronic device max (120 x 89 x 61) mm 

4 Multisensor Z-Wave Electronic device max (45 x 45 x 60) mm 

5 Smart plug Z-wave Electronic device max (60 x 60 x 75) mm 

6 Smart rubber insulation Rubber 10 kg 

2.4.1 De-construct the CENTRALIZED HOLISTIC H&C RENOVATION KIT 

For the Stratified PCM Heat Storage Tank, the deconstruction consists on the following key 

operations: 

1. Dismount the tanks for the system; 

2. Delivery to RAEE4 company for the disposal of electronics and small and large household 

equipment; 

3. Separation of the components performed by the aforementioned company, including: 

a. Insulation materials; 

b. External vessels; 

c. PCMs; 

d. Sensors and electronics; 

e. Copper heat exchangers. 

2.4.2 External vessel and flanges of the Stratified PCM Heat Storage Tank 

The external vessels and flanges are made from stainless steel, a 100% recyclable material with 

high commercial value. These components will be fully reused, resulting in zero waste production. 

See Figure 16. 

                                                

4 The acronym "RAEE" stands for Rifiuti di Apparecchiature Elettriche ed Elettroniche, which is Italian for Waste Electrical and 

Electronic Equipment (WEEE). 
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Figure 16 External vessel of Stratified PCM Heat Storage Tank with flanges 

2.4.3 Insulation of the Stratified PCM Heat Storage Tank 

The standard insulation of the Stratified PCM Heat Storage Tank is made of XPS or similar 

materials, which are 100% recyclable. For further developments, bio-based materials will be 

considered as substitutes of XPS. In either case, 100% of these materials will be recycled, 

ensuring zero waste production. 

2.4.4 Internal heat exchangers of the Stratified PCM Heat Storage Tank 

The internal heat exchangers are made entirely of copper, which is 100% reusable with very high 

commercial and environmental value, producing zero waste. 
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Figure 17 Detail of the DHW heat exchanger 

2.4.5 PCMs of the Stratified PCM Heat Storage Tank 

The PCMs used inside the Stratified PCM Heat Storage Tank are 100% bio-based, fully 

recyclable, and can be repurposed for energy production, resulting in zero waste. 

2.4.6 Charge sensors and electronics of the Stratified PCM Heat Storage Tank 

The charge sensors and other electronics will be sent to the specialized recycling company for 

proper disposal and recovery (RAEE company for electronics and small and large household 

appliance). 

 

Figure 18 Charge level sensor 
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2.5 RP#5 MULTI-PURPOSE FAÇADE MATERIALS BREACKDOWN 

The RP#5 renovation package focuses on creating an innovative facade that integrates cutting-

edge products, such as advanced insulation materials and photovoltaic cladding systems for 

facades. This includes natural thermoacoustic insulation panels made from hemp and novel 

photovoltaic modules specifically designed for building integration. The package is supplied with 

a dedicated substructure and custom fastening components developed for its assembly. 

The multi-functional facade package developed in RP#5 consists of three primary components, 

summarized as follows: 

• Metal structure; 

• Natural insulation made from bio hemp; 

• Façade finish with integrated photovoltaic technology. 

In the following sections, the façade will be broken down into these three main components, each 

of which will be further divided into its individual elements, detailed in Table 8. It is important to 

emphasise that while this breakdown specifies types of materials and components used, the 

successful implementation of the façade requires a high level of skill and expertise. Any lack of 

this could compromise the overall quality and performance of the façade. 

Table 8: Constituent components of RP# 5 and their quantity. 

Nr. 
Name of the 
component 

Material Quantity [kg, m3, litre…] 

1 SUB FRAME  

Aluminum  2.340 kg 

Galvanized STELL 400 Kg 

2 INSULATION Hemp 677 m2 

3 CASING Aluminum 1.416 kg 

4 CLADING Cement Fibre 51 m2 

5 BIPV 
Glass – Encapsulant – PV 

cells – Plastic – Copper 
342 m2 

2.5.1 De-construct the MULTI-PURPOSE FAÇADE 

From a deconstruction perspective, the multi-purpose facade should be dismantled in reverse 

order of its installation process. The process begins by removing the outer cladding, consisting of 

glass-glass photovoltaic modules. Once the cladding is fully disassembled, the next step is to 

remove the facade finishing elements that ensure continuity with adjacent elements, such as 

windows. Following this phase, the substructure supporting the cladding can be disassembled. 

Afterward, the insulation layer is removed by detaching the individual insulation panels. The 

structural frame remains. At the end of the deconstruction process, the building’s original masonry 

remains without its cladding. 

The following sections will detail each phase, including the materials present, moving from the 

exterior inward.  
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2.5.2 BIPV panels 

The innovative fastening system used in RP#5 for the installation of photovoltaic modules enables 

the replacement of individual modules without needing to dismantle the entire facade or column 

of modules. This system utilizes mechanical fastenings and interlocking joints, eliminating the 

need for silicones and allowing straightforward assembly and disassembly. 

For full facade dismantling, the process begins from the top down, with the initial step being the 

removal of the safety fixing latch. Once this latch is removed, each panel can be detached through 

a manual mechanical action by disengaging the interlocking profile and applying upward force to 

release it. 

Before completely removing each module, it is essential to disconnect the cables that link the 

modules together. All disassembly must be carried out with the electrical system powered off to 

safely disconnect the connectors forming the photovoltaic strings. 

Once the BIPV modules are removed, the supporting substructure—composed of rails fixed with 

screws—will remain in place and can be unscrewed for removal. This will then expose the hemp-

based insulation layer beneath. 

In Table 9 the BIPV cladding component of the RP5 - MULTI-PURPOSE FAÇADE is listed. The 

quantities reported here, refer to the total amount needed for the Margherita di Savoia demo case. 

Table 9: Constituent components of BIPV panels, with their fixing components and quantity 

Ref. Description Shape Material Quantity 

3.10.1 

3.10.2 

3.10.3 

3.10.4 

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 
 

Laminated Glass 342 m2 

3.10.5 

3.10.6 

3.10.7 

3.10.8 

3.10.9 

DUMMY BIPV 

SYSTEM 

 

Laminated Glass 1.77 m2 

3.11 No Head Screw 

 

Inox 1776 pcs 

3.12 
SS Self Drilling PH 

Screws  
Galvanized Steel 418 pcs 

3.3.14 Profile B 

 

Aluminum 100 kg 

1.4.1 

ALUMINUM 

HORIZONTAL PANEL 

SUPPORTS 

“SUN 24” 

PROFILES  

ALUMINIUM 250 Kg 
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The screws and aluminium profiles cannot be further broken down into additional sub-

components (Table 10). However, the BIPV laminated modules, both ACTIVE (with PV cells) and 

DUMMY (without PV cells) can be subdivided into their respective components. For clarity, 1 

square meter of ACTIVE PV module is considered, with this reasoning easily extended to the 

entire BIPV surface used in the Margherita di Savoia demo case. 

Table 10: Division in sub-components used in BIPV module – sample on 1 m2. 

Nr. Name of the component Material 
Quantity  

[kg, m3, litre…] 

1 Front glass 3 mm extra-clear satin glass 1 m2 

2 Back glass 3 mm float clear glass 1 m2 

3 Front encapsulation layer - EVA EVA 1.2 kg 

4 PV cells SBC M6 Half-cut Si-mono 72 pcs 

5 Back encapsulation layer - POE POE 0.4 kg 

6 Cells connection ribbon Sn60Bi39Ag1 0.3 kg 

7 Strings connection ribbon Sn62Pb36Ag2 0.06 kg 

9 Junction boxes, wires and 

connectors 

Plastic and copper  2 pcs 

10 Glue (silicon to fix JBox) Single-component silicone 0.01 l 

2.5.3 Insulation Hemp 

The multi-density hemp panels are composed of two distinct layers, each with different densities, 

bonded together (Table 11). The outer layer, which has a higher density, consists of a mixture of 

wood hemp and lime. The second layer, with a lower density, is composed of hemp fibres. 

 

Table 11: Constituent components of insulation material, with their fixing components and quantity. 

Ref. 
BIM 

Family 
Description Shape Material Quantity 

2.1.1 D 

HEMP MULTIDENSITY 

INSULATION PANEL 

600 x 1100 x (80+20) 

mm 

 

HEMP ≈700  m² 
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Ref. 
BIM 

Family 
Description Shape Material Quantity 

2.1.2 A DOWELS 

 

STEEL & POLYMERS 3.081 pc 

2.1.3 D 
WURTH FIRE-PROOF 

SILICONE 

 

POLYMERS 2.230 ml 

2.1.4 D 

MEMBRANE 

STAMISOL PERFORM 

FI (FACADE BRETHER 

MEMBRANE) 
 

FELT & POLYMERS 60 m² 

The main material used is hemp, processed in various sizes, densities, and textures. Both the 

woody and fibrous parts of the plant are utilized, which, when combined with lime and water, are 

pressed and moulded to form the panels. 

These multi-density panels are integrated into the steel structure and, for added safety, will be 

securely fastened to the existing wall using anchor bolts. Fire-resistant silicone (Wurth) will be 

applied between the panels, and a façade membrane will be installed around windows and 

exposed areas for enhanced fire protection. 

When dismantling the insulating panels made from bio-hemp, the process typically proceeds from 

the top of the facade downward, as with the BIPV cladding, though the sequence is not strictly 

fixed; alternative approaches may also be feasible for detaching the insulation panels. 

The procedure is as follows: 

• First, the anchoring bolts securing the panels to the existing wall must be removed. Then, 

using specialized cutters, the fire-resistant silicone sealant is cut away. Around window 

areas where protective membranes were applied to enhance fire resistance, they will have 

to be detached, and if necessary will be cut. 

• After these preparatory steps, each insulation panel can be detached from the existing 

wall and the supporting frame by applying outward perpendicular force to separate it from 

both the masonry and the supporting substructure. 

Once the hemp panels are fully removed and the BIPV cladding has been dismantled, only the 

primary support structure will remain. 

2.5.4 Aluminum 

The metal structure used in the development of RP#5 is categorized in Table 12 and Table 13 its 

main components, including profiles, supports, brackets, and assembly materials such as screws 

and fasteners. 

The deconstruction of the aluminium support structure for the hemp and BIPV components is 

straightforward. The process involves unscrewing the fasteners securing the horizontal and 

vertical profiles, as well as the brackets, and gradually dismantling the entire structure in 

sequence until it is fully disassembled. 
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Table 12 Constituent components of metal structure (sub frame) and their quantity 

Ref. Description Shape Material Quantity 

1.1.1 SUPPORT BRACKET 

 

ALUMINIUM 

EN_AW-5052 
1.041 pc 

1.2.1 

HORIZONTAL 

SUPPORT 

 “T”  

PROFILES 

120 x 80 x 1,6 mm  

ALUMINIUM 

6063-T66 
191 Kg 

1.2.1 

HORIZONTAL 

SUPPORT 

 “T”  

PROFILES 

80 x 60 x 1,6 mm  

ALUMINIUM 

6063-T66 
271 Kg 

1.2.2 

ANGULAR  

“L” 

PROFILE 

40 x60 x 1,8 mm 
 

ALUMINIUM 

6063-T66 
117 Kg 

1.3.1 

ALUMINUM 

VERTICAL 

SUPPORTS 

“Ω” 

PROFILES 

40+40+40+40 x 1,8 

mm 
 

ALUMINIUM 

6063-T66 
1.112 Kg 

 

Table 13: Finishing components of metal structure and their quantity. 

Ref. Description Shape Material Quantity 

1.1.2 

SCREW-DOWEL 

D 8 x 100 mm 

S 6 x 105 x 8 mm 
 GALVANIZED STEEL 250 Kg  

1.2.3 

PH WH SELF 

DRILLING SCREW ZN 

5,5 x 25 mm   
GALVANIZED STEEL 150 Kg 

 
All finishing elements are included as part of the same façade component, as corners pieces are 
used at the edges and additional materials are required for window finishing. These elements 
ensure seamless cladding, continuity, and enhance the overall aesthetic of the façade. 
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In this case, as well, the disassembly operations follow the same procedure. By loosening the 

fastening screws, all finishing elements can be removed systematically. 

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

Ref. Description Shape Material Quantity 

3.1.1 

3.1.1 

3.1.2 

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 

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 

CONNECTING TAPE 

PCF 10 

 

ALUMINIUM 347 kg 

2.1.4 
SS SELF DRILLING 

PH SCREW 
 

GALVANIZED STEEL 3.129 pc 

 

The same approach has been applied to the non-innovative cladding (without photovoltaic 

components) used to complete the façades (Table 14). These materials ensure continuity in areas 

where BIPV glass panels will not be installed. 

For the disassembly process, as outlined for the BIPV system, the procedure begins with the 

removal of the outer cladding. In this case, with no screws or interlocking fasteners, the first step 

is to remove the retaining rivets and then detach the cladding panels. 

For the hemp insulation layer and the support structure, as previously described, the fasteners 

will be loosened and removed to fully disassemble these components. 

 

Table 15: Cladding quantities, characteristics, and references extracted from the Bill of Materials (BOM). 

Ref. 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 

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 
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Ref. Description Shape Material Quantity 

3.6.1 RIVET UNI-RIVET 

 

STEEL & POLYMERS 1.768 pc 

3.6.2 STOP GASKET 

 

POLIMERS 456 pc 

3.9 
SS SELF DRILLING 

PH SCREW 
 

GALVANIZED STEEL 264 pc 

 

2.6 RP#6 PANOREN COMPONENT BREACKDOWN 

PanoRen is an innovative BioSource façade system, based on the Panobloc®. Some of the 

innovations that will be incorporated are the following: 

-        Biosourced materials; 

-        Second life solar panels for cladding and roofing; 

-        Optimization of the Panobloc® structure: increase the thermal insulation; 

-        Integration and control of roller shutter; 

-        Ventilation duct integration (heat exchange double flow mechanical ventilation). 

In the following sections, the different quantities of components correspond to 1m² of PanoRen. 

i.e. 1m² of façade. 

 

Table 16 shows the different components of RP#6. Each of these components will be explained 

in detail in the following subsections. 

Table 16: Constituent components of RP#6 and their quantity. 

Nr. Name of the component Material 
Quantity  

[kg, m3, litre…] 

1 Wooden structure Wood 0.05 m³ 

2 Insulation Wood fibre 0.25 m³ 

3 Structural glue Polyurethane glue 0.1 L 

4 Rain screen Polypropylene 2 m² 

5 Fitting Steel 1 kg  

6 Ventilation duct PVC 0.1 m² 

7 Photovoltaic panel Multimaterials 0.5 m² 

2.6.1 De-construct the PANOREN 

To dismantle PanoRen, first unscrew the panels to remove them from the building. The procedure 

will be the same as for mounting the panels. 

The next step is to remove the fittings, cladding and joinery, which can be reused or recycled, the 



27 Co-funded by the 
European Union 

D2.8 / Guidelines for recycling the components of 8 renovation packages 
 

 

waterproofing membranes and finally the insulation and wood, which can be recycled or 

transformed. 

The various components are described below. 

2.6.2 Wooden structure of PanoRen 

The structure of the panel is made of spruce, classified as mechanical class C24, with cross-
section of 50mm x 100mm. This framework provides the majority of the mechanical strength from 
the PanoRen renovation package. Once the façade has been completely dismantled, the wood 
is the last element to be disassembled as it forms the structure of the panel. It can be re-cycled 
or transformed into other wood-based products such as particle board. The wood can be recycled 
or reused in wood-based panels or other wood-based components. 

2.6.3 Thermal insulation 

The wood fibre has a thickness similar to that of wood (50 mm) and is distributed between the 

uprights to create the different layers of the panel. Like wood, it can be recycled into wood or 

wood fibre components once the façade has been completely dismantled. 

 

 
Figure 19: Wood fibre 

2.6.4 Glue 

The glue is made of polyurethane (PU) and is applied between each fold of the panel to ensure 

structural strength, holding all the wood together. The glue cannot be reused due to cross-linking, 

which is activated by contact with air. 

2.6.5 Rain screen 

The panel's rain screen is made of polypropylene (PP) and makes the panel watertight. It has UV 

resistance of up to 1,000 hours (3 months) and can be adapted to suit the cladding used. 

Generally, it is installed on both sides of the panels to protect the insulation, as the existing 

structure of the building to be renovated often serves as the moisture barrier. The rain screen is 

not recyclable due to its multi-component plasticized base and fibre reinforcement, which makes 

the separation of these components very complex. 
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Figure 20: Rain screen 

2.6.6 PanoRen fixing system 

As part of the REHOUSE project, a new type of Panobloc fixing is being tested. Conventionally, 

the fixing points in the façade of the building to be renovated are installed to bear the entire weight 

of the Panobloc. In this case, the modules are stacked on top of each other, with the wall fixings 

sized to prevent tilting due to 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, holding the façade panels 

securely to the building. 

 

Figure 21: Fitting solution 

Fittings can be recycled as steel-based components, like other elements in this composition, 

through remelting and remodelling once the façade has been completely dismantled. 

2.6.7 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. A double-flow ventilation system will be implemented to maximize 

thermal performance. 

The ventilation ducts integrated within the PanoRen are made of PVC and have a cross-section 

of 40 mm x 100 mm (equivalent to a diameter 80 in circular section, allowing for a single air outlet 

per circuit). The ducts are inserted into the final layer of the panel and then connected to the 

central ventilation system (see Figure 22). 
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Figure 22: Ventilation duct of the panel 

Blower outlets are currently under development and will be described at a later stage. In particular, 

they will need to incorporate a flow adjustment function, based on the same principle as shown 

in Figure 23, developed by SVE. The aim is to balance the ventilation network without the user 

having access to the device, thereby preventing any imbalance in the network. This type of device 

is positioned upstream of the air vent. 

 

Figure 23: Example of balancing system / sound trap 

2.6.8 Second life PV modules 

The aim of integrating second-life PV modules is to reduce 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 specifically for the installation on the 

demonstrator, the selected modules are as follows: SolardWorld modules (SW 270 Mono) with a 

peak power of 270W and manufactured in 2013/2014. The modules have been reconditioned by 

Solreed, a spin-off from the CEA. Figure 24 shows the qualification protocol of the second life 

module. 
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Figure 24 Second life module qualification protocol 

Figure 25: Photovoltaic panel SW 270 Mono 

 

The electrical architecture is essentially variable and depends on factors such as the size of the 

plant and potential shading issues. Therefore, either micro-inverters or classic inverters will be 

used. The integration system chosen is the one developed by Mecosun company. This system 

was originally designed for metal roofs (e.g. storage sheds), but has been slightly adapted here 

to be positioned in front of the rainscreen. Low and high ventilation, achieved using folded sheets, 

ensures good airflow around the modules to prevent overheating during the summer months.  
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2.7 RP#7 ACTIVATED CELLULOSE COMPONENT BREACKDOWN 

Activated Cellulose is a natural based insulation manufactured with an innovative technology, 

however a similar one is used already in the paper industry. The advantage of this material is that 

no adhesive is used, although the finished insulation panels are rigid enough for cutting or even 

for compression load. The placement of the insulation is under the siding of the wall, and by so is 

protected from weather conditions excluding temperature and humidity. 

The expected life span of activated cellulose is the same than that of the building which means 

50 to hundred years. During this time a minimal decomposition can happen. The risk of biological 

damage is the highest in case the insulation become wet regularly which favour to the fungus. 

After the life span the material can be reused easily. In general, thermal insulation serves the 

building for its entire lifespan. In this case, a century-old building will be insulated with fibre-based 

insulation, made partly of natural based fibres and stone fibres. 

2.7.1 De-construct the Activated Cellulose 

The insulation is mechanically fixed to the wall using plastic pins, and a metal frame fastens the 

insulation panels. The advantage of this method is that no adhesives or surface finishes are used, 

meaning there is no contamination of the insulation.  

Since the surface of the renovated wall is a glassrock PLATANe with plaster, the insulation 

remains clean. For deconstruction, the covering glassrock PLATANe simply needs to be 

removed, and the insulation can be taken out without significant alterations, apart from the 

locations where the fixing pins were attached. This technology greatly facilitates the recycling and 

reuse of the insulation material. Table 17 shows in detail the components. Each of these 

components will be explained in detail in the following subsections. 

Table 17: Components and quantity of Activated Cellulose Insulation. 

Nr. Name of the component Material Quantity [kg] 

1 Grinded mix of wood waste Cellulose, lignin, hemicellulose 7.5  

2 Water and vapor resistive 

additive 

Natural wax 0.225 

3 Rockwool insulation Basalt and minimal amount of fenol 7 

2.7.2 Natural based fibre 

A ground mix of wood waste is available in large quantities throughout the wood processing chain, 

from forest cutting to the finishing of wood products. The size of the waste particles is crucial. In 

wood cells, the fibres are located in the cell wall and have a strong anatomical orientation along 

the length of the fibre. The fibre length is especially important for obtaining longer cellulose chains, 

known as “alpha cellulose” in paper industry. The cellulose has an ability because of the hydroxyl 

free radicals able to connect to another cellulose chain. This connection can be untied and that is 

the key factor from the aspect of recycling. Usually the secondary used cellulose quality is lower 

than that of the primer one, but can used again without any further consequence.  

The key material is the cellulose, and beside this there is another main component called lignin. 

Both are described in Deliverable 2.6 “Guidelines for the manufacturing process of 8 renovation 

packages”. 
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2.7.3 Wax 

The second component of the activated cellulose insulation is an additive used to increase the 

resistance to water and vapor. The insulation material is exposed to considerable moisture, even 

under the siding of the exterior wall. The average relative humidity at the Hungarian demo site is 

around 70% throughout the year, which poses a risk to the condition of the insulation panels. 

Absorbed moisture can cause significant changes in thermal conductivity, size, weight, and lead 

to biodegradation.  

Moisture in the insulation occupies former air spaces or is absorbed directly by the fibres, bonding 

to the cellulose free radicals, primarily the hydroxyl groups. The specific heat of the water is much 

higher than that of other molecules or atoms in the system, so vapor transfer results in a significant 

energy transport alongside mass transfer. Higher moisture content causes the insulation to swell, 

which may lead to structural issues such as buckling. 

To increase vapor resistance, a material is needed to block the free radicals and prevent water 

molecules from bonding to them. For this purpose, wax is used. Wax is commonly applied in 

wood-based boards such as chipboard or OSB panels to serve this function. 

In this case, it was important to use a natural-based material to maintain the insulation as a 100% 

environmentally friendly solution, adhering to the principles of sustainable development and 

keeping the components as close to nature as possible. The wax used comes from cleaned 

beeswax, which is biodegradable and environmental harmless. 

2.7.4 Stone wool 

Stone wool (or rockwool) insulation is made of basalt, which is melted and combined with an 

adhesive, such as phenol resin. The mixture consists predominantly of the basalt component. 

Stone wool is resistant to damage and contamination, except in cases where dust or other organic 

particles mix with the stone fibres. Potential contamination could also come from animals, 

particularly insects or ants, along with the residues they leave behind. 

Since this type of insulation is highly resistant to contamination, its reuse is straightforward, 

making secondary usage easily feasible. 

2.8 RP#8 INTELLIGENT WINDOWS SYSTEM COMPONENT 

BREACKDOWN 

The Intelligent Window System (IWS) offers a practical and cost-effective solution for reducing 

heat loss (or heat gain during summer) through windows. This adapter can be used to renovate 

existing old windows rather than replacing them entirely. The system is installed from the outside, 

minimizing disruption to occupants. The core concept involves adding an extra double-glazed 

layer in front of the existing window. Key components of the IWS, such as glass and aluminium, 

are reusable, enhancing its sustainability. 

2.8.1 De-construct the Intelligent Windows System 

The Intelligent Windows Systems contains multiple components, including the structure, moving 

glass, moving elements, and controllers. Most components are assembled in a way that allows 

for dismantle. Only one adhesive point is used, where the moving glass is attached to the 

aluminium hanging part. The structure, along with the moving chain and electric motor, is secured 

with screws. The use of screws offers a significant advantage, as they allow for disassembly 

without causing damage or requiring excessive mechanical force. Once disassembled, the 
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components can be separated according to their material types. 

The controller panels are soldered, which makes them difficult to disassemble. However, the 

weight and the numbers of control circuits are minimal, with each Intelligent Windows System 

(IWS) unit containing approximately 150 grams of circuitry.  

Table 18 shows the different components of RP#8. Each of these components will be explained 

in detail in the following subsections. 

Table 18: Components and quantity of Intelligent Windows System. 

Nr. Name of the component Material Quantity [kg, m3, litre…] 

1 Frame Aluminum,  15 kg /IWS unit 

2 Window Glass 50 kg 

3 
Mounting console, and 

other holding parts in IWS 
Polyurethane 2 kg 

4 Controller unit 

Plastic (housing), Multiple 

materials of the electronic 

parts and battery 

0,15 kg 

2.8.2 Aluminum 

The structure of the IWS is made of aluminium (Figure 26). The main reasons are its anti-corrosion 

properties, light weight, and high strength. The aluminium used is standard, without any special 

alloy. This makes the reusability of the aluminium components relatively simple, though they need 

to be melted down in a factory for reuse, which requires a significant amount of energy—albeit 

much less than producing new aluminium. 

 

Figure 26: Upper horizontal frame and vertical holder in the right. 
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2.8.3 Glass 

The heaviest part of the IWS is the moving glass, which is double-glazed and filled with argon. 

The size depends of the window that needs to be insulated. In the case of the Hungarian demo, 

the old-type windows are slightly more than 2 meters in height and over 1 meter in width. Each 

IWS contains about four square meters of glass with a thickness of 4 mm. Of course, smaller 

windows require much less glass. This glass is the most common glass used in building industry, 

and consequently the reusability can be done regularly. 

2.8.4 Plastic 

Several plastic components are integrated into the IWS system. The largest part are the hanging 

consoles, which bear the full weight of the IWS. Every IWS requires three plastic consoles, this is 

a special fire retardant polymer. During the assembly process this hanging console is screwed to 

the wall, and the IWS holding beam is screwed to it. This allows the consoles to be recovered in 

their original form and size during disassembly. 

2.8.5 Controller PLATANes 

The controller PLATANes consist of miniature components such as resistors, capacitors, IC 

controllers, and plastic and cooper composite PLATANes, as well as soldering materials. Small 

quantities of these electronic units cannot be recycled efficiently. However, sophisticated 

technology exists to separate the different materials after the components are ground into a fine 

form. Once decomposed, the components can be collected and sent to specialized facilities for 

material separation and recovery. 
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3 REUSE, RECOVERY AND RECYCLING OF RPS 

MATERIALS & COMPONENTS 

This section is focused on the end-of-life phase of materials and components used in the RPs, 

with a focus on reuse, recovery, and recycling. These approaches are key to reducing the 

environmental impact of the RPs by extending the useful life of materials and decreasing the 

demand for new raw resources. Each approach—reuse, recovery, and recycling—offers a unique 

way to manage materials responsibly, ensuring they are utilized to their fullest potential before 

entering waste streams. 

• Reuse: involves taking a product or material and using it again, either for its original 

purpose or for a new function, without altering its physical form. This approach extends 

the lifespan of products and reduces the need for new resources. Reuse is generally the 

most environmentally friendly option because it minimizes waste and resource 

consumption. 

• Recovery: refers to the process of extracting valuable components, materials, or energy 

from waste that cannot be reused in its original form. Recovery is a way to make use of 

waste materials that would otherwise be discarded, thus reducing the overall 

environmental impact, including landfills. 

• Recycling: involves collecting and processing waste materials to create new products. 

This process typically requires breaking down the original material into its basic 

components, then remanufacturing it into something new. Recycling helps to conserve 

natural resources, reduce energy consumption, and decrease pollution by diverting waste 

from landfills and decreasing the need for raw material extraction. 

The following subsections will explore how each of these strategies is applied to the materials 

and components of the RPs, identifying the technologies and process involved and their 

environmental benefits. 

3.1 RP#1 MULTI-SOURCE HEAT PUMP 

Reusability of components and materials in heat pumps is a key consideration for sustainable 

system design, reducing waste and conserving resources. Many parts, such as compressors, 

heat exchangers, and control units, can be refurbished or repurposed in other systems, extending 

their lifecycle. Additionally, materials like copper, aluminium, and certain refrigerants are 

recyclable, allowing for efficient material recovery at the end of the heat pump's service life. This 

approach not only supports environmental goals but also reduces costs associated with 

manufacturing new components. 

3.1.1 Reuse of components 

Not all components of a heat pump need to be recycled; some can be directly reused, extending 

their lifecycle and reducing environmental impact. Tanks, such as accumulators and reservoirs, 

are often made from durable materials like steel or aluminium that can be inspected, cleaned, and 

reused if they remain in good condition. Other parts, such as valves, sensors, and certain 

piping, can also be refurbished or reused in new installations, provided they meet safety and 

performance standards. In some cases, electrical components like control panels, contactors, 

and relays can be tested for functionality and reused, reducing the need for new manufacturing. 

Reusing these components not only minimizes waste but also conserves resources and reduces 
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the overall carbon footprint associated with manufacturing new parts. The production and 

technical departments of Psyctotherm often implement strict quality checks to ensure that reused 

parts perform reliably, making this approach both environmentally and economically beneficial. 

3.1.2 Recovery of materials 

Heat pumps contain a variety of materials that can be reused or recycled, making their end-of-life 

processing environmentally valuable. Materials from a heat pump can be recovered through a 

systematic process of disassembly, sorting, and specialized recycling techniques, allowing 

valuable resources to be reclaimed for future use. Metals, including copper, aluminium, and 

steel, are among the most recyclable components. Copper and aluminium from piping and heat 

exchangers can be reclaimed and reprocessed into new products, while steel from structural 

frames and components can be recycled efficiently through standard metal recycling channels. 

Plastics used in housings and insulation casings can often be sorted by type and repurposed for 

new applications. Additionally, electronic components like sensors and control systems can be 

salvaged for parts or processed to extract valuable elements such as gold and silver. 

Refrigerants can also be recovered and either purified for reuse or safely disposed of according 

to environmental regulations. By focusing on the recovery of these materials, the recycling 

process minimizes waste and supports the sustainable reuse of valuable resources. 

3.1.3 Recycling of materials 

Metals like steel, copper, and aluminium are melted down in furnaces, refined to remove 

impurities, and cast into ingots or other forms suitable for reuse in manufacturing. Plastics are 

shredded, melted, and reformed into pellets that can be used to produce new plastic products. 

3.2 RP#2 ADAPTABLE/DYNAMIC BUILDING ENVELOPE –ADBE– 

Due to the modular nature of the façade, each component can be separated and replaced without 

affecting the whole system. Therefore, reusing, recovery and recycling is possible for the RP#2 

system elements to a high degree. 

3.2.1 Reuse of components 

For solar panels to be reused, they must be carefully separated from each element to avoid 

contamination with other materials. Only materials of high purity can be reused, which make this 

process somewhat difficult to implement. However, PV panels could be reused in various 

situations; as off-grid solutions, such as electric vehicle charging stations, e-bikes, irrigation or in 

remote locations. They can also have a residential usage on rooftops and carports and off-grid 

hybrid systems, e.g. combining storage and photovoltaics. 

Regarding the inverter and solar charge controller units they can be re-used in other solar 

plants after modifications to replace faulty components as long as they are compatible with the 

new system. 

Batteries can be reused at the end of their life to different applications which expands the lifecycle 

of the storage units and embraces circularity to a high degree. Mechanical and electrical parts 

could be redesigned accordingly to ensure compatibility of the system depending on the 

application. Possible applications include charging stations for electric vehicles, microgrid and 

rooftop storage systems. 
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3.2.2 Recovery of materials 

Recovery valuable materials from the end-of-life or damaged PV panels is a crucial step, as these 

elements can be used to produce new panels. Various companies and researchers have 

proposed methods to extract valuable elements from thin film photovoltaics. Depending on the 

structure of the PV panels, the processes such delamination, separation, and purification are 

applied, either physically, thermally or chemically [10]. Regarding the inverter and controller 

units, the electronic parts within them can be separated to recover rare elements like gallium 

and indium, which are essential in semiconductor technology. Other components, such as circuit 

breakers, fuses, wiring, and connectors, can also be properly processed to recover materials 

valuable for other applications. 

The same processes can be applied to battery units to separate copper, plastic, and other 

elements, recovering valuable materials that can be utilized in other applications. 

3.2.3 Recycling of materials 

The PV panels selected for the ADBE system are primarily made of glass, polymers, and 

aluminium. These are non-hazardous raw materials that can be recovered and reintroduced into 

the market during the recycling process. 

Specifically, the PV panels consist of soda-lime glass, a recyclable material that can be remelted 

and reformed to produce new glass products. To ensure compatibility with the manufacturer’s 

product, the glass must be properly processed [11].  

Other materials that are easily recycled include aluminium frames, copper wires, and plastic, 

which are found in the PV panels, structures, and accessories.  

The solar inverter and controller contain electronic parts, such as diodes and transistors, 

which can be recycled. Additionally, materials such as aluminium and copper, which have high 

electrical and thermal conductivity, are highly recyclable and valuable. The plastic housing of 

these components can also be recycled. Lastly, wiring and protective equipment inside the 

inverter and controller units, which are composed of metals and plastics, can be separated 

and recycled, helping to reduce emissions. 

As for the selected battery storage system, it is fully recyclable, consists of metals and plastics 

that can be recycled, aligning with circular economy principles. 

3.3 RP#3 SMARTWALL 

Thanks to the manufacturing process of the SmartWall, most of its individual components can be 

easily dismantled and directed to potential next steps of reuse, recovery, and recycling, without 

requiring additional processes. The majority of the components, i.e. frame, insulation materials, 

finishes, window frames and PVs, can be recycled through a number of processes that are 

described briefly in the following subparagraphs. There are other components, that depending on 

their condition at the time of replacement or demolition, could potentially be reused, such as the 

electrical and electronic parts, the PICO ventilation system, and the PVs. Finally, two good 

examples of material recovery are timber windows frame and the glass panes of the windows.  

3.3.1 Reuse of components 

Depending on the condition of the electrical and electronic parts, the PICO ventilation system, 

and the PV panels, they can either reused in future applications or recycled (see the 

subparagraph “Recycling of materials”, below). After the system has been dismantled, the 
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electrical and electronic parts, the ventilation system and the PVs should be checked by 

experts, i.e. electricians and other technicians to verify that they are reliable enough to be reused 

for similar or different capacity applications. 

 

Testing of second hand electrical and electronic components 

The second hand electrical components should be assessed by certified electricians according 

to the following tests: i) continuity, i.e. the electricity flow through the component, ii) resistance, in 

order to detect any current loss and iii) voltage test. It is also important, that the electrical 

components will be reused in systems of the appropriate capacity. The inspection of second hand 

electronic components involves similar testing methods: visual inspection, continuity test, 

functional testing, voltage and current testing, resistance, capacitance, etc. 

 

Testing of second hand ventilation system 

As long as a ventilation system has not reached its lifespan, it is possible to be reused in 

applications of the appropriate capacity requirements. Some visual inspections, measurement of 

airflow rates, the condition of the filters and some inspection of the control and any alarm systems 

should be performed to assess the second hand system appropriateness.  

 
Figure 27: PICO ventilation system 

 

Testing of second hand PVs 

There are several tests that can be conducted to assess the condition and functionality of a 

second hand PV system. The basic tests include visual inspections, i.e. check for cracks, 

discoloration, delamination, the condition of the frame as well as inspections of the junction box. 

Moreover, an electrical test is needed that involves voltage and current test. In addition, a power 

output test and a test for hot spots that can reveal damaged cells or connection should be 

performed. Once a good condition and the proper functionality of a second hand PV has been 

certified by a technician, then such a system can be reused. 

3.3.2 Recovery of materials 

Timber window frame 

Once a timber frame reaches the end of life, it can be chipped into wood chips, which can be used 

to heat homes or generate electricity.  

 

Window glass  

As for window glass, although it is theoretically recyclable, end-of-life building glass is rarely 

recycled into new glass products. While building glazing could be recycled in glass furnaces, in 

most cases, it is crushed together with other building materials and either sent to landfills or 

recovered alongside other construction and demolition waste. There is a lack properly organized 
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collection and recycling systems what would otherwise be a valuable raw material5 for glass 

production.  

3.3.3 Recycling of materials 

Steel frame 

It is well known that steel is 100% recyclable. Products made of steel can be repeatedly recycled 

without any damage or degradation of their properties, regardless of the new product or form they 

take. Firstly, steel scrap is collected by scrappers or at buy-back centres, and the materials are 

sorted and sent to mills. The steel scrap is melted in furnaces at 3,000oC and purified. Once 

solidified, the steel is ready to be sent to various factories as raw material6.  

 
Figure 28: Steel frame 

 

Cement and Gypsum board 

Cement boards can be recycled into aggregates at the end of their lifecycle. Regarding the 

gypsum boards, the recycling process involves first removing the paper facer, after which the 

gypsum core material can be recycled as an additive to concrete, plaster stucco, or used in new 

gypsum boards. In general, gypsum is a material that can be continuously recycled to make the 

same product. 

 
Figure 29: Cement/gypsum boards 

 

VIP-Si  

The Vacuum Insulation Panel (VIP) for the REHOUSE project was purchased from Turvac (Figure 

30). According to the company’s website, more than 90% of VIPs are recyclable, but no specific 

information is provided regarding the recycling process of the metallic foil and the fumed silica, 

which is the core material of the VIP-Si7. 

 
Figure 30: VIP from Turvac 

                                                

5 https://glassforeurope.com/recycling-of-end-of-life-building-glass/ 

6 https://www.rubicon.com/ 

7 https://www.turvac.eu/products/turvac-si-vip  

https://glassforeurope.com/recycling-of-end-of-life-building-glass/
https://www.rubicon.com/
https://www.turvac.eu/products/turvac-si-vip
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Silica aerogel blanket  

Recycling of aerogels is a relatively unexplored area. Silica aerogel would most likely be crushed 

and disposed of like sand or rocks, as it consists of amorphous silica, which is not carcinogenic. 

Preliminary research suggests that certain types of aerogels, such as silica aerogels, can 

potentially be crushed and reused as a silica source for new aerogels [12] [13] [14]. 

 
Figure 31: Silica aerogel blanket 

 

Mineral Wool 

Used mineral wool can be compressed in specialized equipment and transformed into ‘recycling 

bricks’, which can be used in the production of new Rock Mineral Wool insulation boards8. 

 
Figure 32: Mineral wool 

 

XPS 

In principle, all types of polystyrene foam can be recycled and reused through various methods. 

However, most polystyrene products are currently not recycled due to the lack of incentives to 

invest in compactors and the logistical systems required. Two methods for recycling used XPS 

have been identified. The first involves melting and reintroducing it into the production of new 

extruded polystyrene foam insulation. The second one involves specialized machines that cut the 

XPS scrap into pieces and compresses the foam into ingots, which are then reused through the 

pelletizing process9,10.  

 
Figure 33: XPS panels 

 

PV panels 

The silicon-based PV panels used in the REHOUSE project as part of the SmartWall system can 

be removed and recycled at the end of their life. The recycling process involves disassembling 

the PV system to separate the aluminium and glass parts. Almost 95% of the glass can be reused, 

                                                

8 https://www.knaufinsulation.com/new-era-of-recycling 
9 https://www.greenmaxmachinery.com/xps-recycling-solution.html 

10 https://www.compactor-runi.com/recycling-guides/how-to-recycle-xps 

https://www.knaufinsulation.com/new-era-of-recycling
https://www.greenmaxmachinery.com/xps-recycling-solution.html
https://www.compactor-runi.com/recycling-guides/how-to-recycle-xps
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while all external metal parts are remoulded into new cell frames. The remaining materials are 

treated at 500°C in a thermal processing unit to break the bonds between the cell elements. The 

encapsulating plastic evaporates, leaving the silicon cells ready for further processed. After 

thermal treatment, the green hardware is physically separated. 80% of these can be reused, while 

the remainder is refined. Silicon particles—called wafers—are etched away using acid, and 

broken wafers are melted to be reused in the manufacturing of new silicon modules, resulting in 

an 85% recycling rate for silicon material11. 

 

Window frames 

Window frames can be made from timber, aluminium, or PVC, and all three materials have 

recycling potential: 

• Timber: Once a timber frame reaches the end of life point, the material can be completely 

recycled and made into new products.  

• Aluminum: Aluminum window frames are highly recyclable. Aluminum can be recycled 

repeatedly without losing its quality. In fact, over 75% of all aluminium ever produced is 

still in circulation today. 

• PVC: PVC frames can be recycled many times without a significant reduction in quality. 

Once processed, it can be returned to the manufacturing line and used to produce new 

window frames as well as other kind of products. The only factor that might influence its 

recyclability is the presence of contaminating materials. But, handled and sorted carefully 

into separate waste streams, most of the materials used to make PVC windows can be 

recycled. 

3.4 RP#4 CENTRALIZED HOLISTIC H&C RENOVATION KIT 

The RP#4 centralized holistic H&C renovation kit is made by some standard commercial 

components and some innovative components developed to create easy to use, high efficiency 

renovation kit. In the development of innovative components, and where possible in the definition 

of the commercial one, the possibility to use materials easily to reuse, recovery and recycle. 

The RP#4 as main components to be managed in order to avoid the generation of waste includes 

the parts belonging to the PCM TES. These components are the storage tank, the PCM and the 

insulation of the thermal energy storage. As following described, the stainless steel tank 

could be simply reused for other applications or its material can be used for the generation or 

other devices, the PCM can be both reused of recycled, the tank insulation can be recycled and, 

finally, some of the charge sensor components could be recovered. 

As for the charge sensor, also the other devices being part of the monitoring and control system 

could be part of recovery material processes. 

Instead, refer to the chapters related to RP#5 for the processes involving the BIPV system. 

3.4.1 Reuse of components 

For the Stratified PCM Heat Storage Tank, reuse of the materials can be applied to the external 

envelope tank, which could be repurposed as a standard water storage tank. Additionally, the 

PCM can be reused in similar energy storage applications, provided that the disassembly of the 

tank is not due to any variation of their thermal properties. 

                                                
11 https://www.greenmatch.co.uk/blog/2017/10/the-opportunities-of-solar-panel-recycling 

https://www.greenmatch.co.uk/blog/2017/10/the-opportunities-of-solar-panel-recycling
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TERA is rethinking the monitoring and control devices by introducing strong modularity, especially 

in the hardware. This could involve splitting the electronic boards into two or more units so that 

the computational part can be easily replaced with a new pin-to-pin compatible module. This 

would allow for upgrades after several years, in cases where the original module becomes a 

bottleneck for some applications, without needing to discard the entire product, only the obsolete 

or broken parts could be replaced easily. Similarly, if new communication protocols emerge, the 

telecommunications (TLC) part of the board could be swapped out for clients who need it. In this 

way, we could reduce waste production by about half. 

3.4.2 Recovery of materials 

For the Stratified PCM Heat Storage Tank, material recovery relates to: 

• PCMs; 

• Charge level sensor. 

If the PCMs are no longer suitable for reuse, it can be recovered as material for use in biogas 

generation within an anaerobic digester or can be used directly for energy production. The charge 

sensor and its electronic can be recovered to extract valuable materials, such as copper. 

3.4.3 Recycling of materials 

The product must be trashed separately from the other waste to the end of its life. It is the user's 

responsibility, therefore, to bring the device in the appropriate electronic and electrical waste's 

recycling centres or return it to the producer if the intention is to buy a new equivalent device. The 

appropriate recycling helps both to avoid possible negative effects on the environment and health 

and to promote the reuse of materials.   

Stainless steel and copper that cannot be reused can be 100% recycled. The tank’s insulation 

will also be fully recycled. 

3.5 RP#5 MULTI-PURPOSE FAÇADE 

The RP#5 renovation package includes a wide range of components, with a total of 31 different 

elements selected for its construction, each serving a specific function. To streamline and 

effectively summarize how these components can be reused, recovered, and recycled, a 

comprehensive summary table has been prepared (Table 19 and Table 20). This table details the 

material composition of each component, along with the potential percentage for reuse, 

repurposing, and recovery, providing a clear framework for evaluating the sustainability and 

circularity of the materials used. Figure 34 shows the material components RE-Index. 
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Table 19: Subdivision of each component, along with the potential percentage for reuse, repurposing, and recovery. 

 

 
In Table 20, the various components have been grouped based on their constituent materials, 
with percentages provided for the three key categories: reuse, recovery, and recycling. 
 
 
  

COMPONENT

1-4

SUPPORT BRAKET

HORIZONTAL SUPPORT

ANGULAR PROFILE

VERTICAL SUPPORT 

5 SCREW

6 SCREW

7 MULTIDENSITY INSULATION PANEL

8 DOWELS

9 CONNECTING TAPE

10 MEMBRANE

11

CORNER CASING

HORIZONTAL CASING

CONNECTING TAPE

12 SCREW

13 PANEL

14 RIVET UNI-RIVET

15 SELF DRILLING  SCREW

16

17

18 Front encapsulation layer 

19 PV cells SBC M6 Half-cut

20 Back encapsulation layer 

21 Cells connection ribbon

22 Strings connection ribbon

23 Junction boxes, wires and connectors

24 Glue (silicon to fix JBox)

25 DUMMY BIPV SYSTEM

26 No Head Screw

27 Self Drilling Screws

28 Profile B

29 HORIZONTAL PANEL SUPPORTS

30

31

80%

100%30%

30%

100%

30%

RP#5

PART. 1

PART. 2

PART. 3

PART. 4

PART. 5

Electrical cables
PVC

COPPER

BIPV

EVA

Si-mono

POE

Sn60Bi39Ag1

Sn62Pb36Ag2

Plastic and copper 

SUNCOL BIPV SYSTEM

Silicone

CASING
ALLUMINIUM

GALVANIZED STEL

SUB FRAME

MATERIAL

ALLUMINIUM

20%

20%

20%

20%

do not 

do not 

do not 

do not 

do not 

do not 

do not 

do not 

do not 

100%

100%

CLADING

ALUMINUM 
100% 100%

90%

70%

70%

100%

100%

100%

50%

100%

do not 

70%

100%

Front GLASS

GLASS

INOX

GALVANIZED STEL

do not do not 20%

30%

50%

100%

FIBERCEMENT 90% 90% 100%

STEEL & POLYMERS

GALVANIZED STEL

do not 

50%

80%

100%

100%

100%

100%

BAck GLASS 30% 100% 100%

do not 

do not 

20%

20%

70% 100% 100%

90% 90% 90%

INSULATION NYLON do not 100% 75%

do not 50%

TNT do not 50%

HEMP

FELT & POLYMERS

NYLON

GALVANIZED STEL

REUSE

100%

100%

100%

100%

do not 

100% 80%

do not 

RECOVERY RECYCLING

80%

50%

do not 

100%

100%

50%
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Table 20: Subgroups based on their constituent materials, with percentages of reuse, repurposing, and recycling for 

each one 

 

 

 

Figure 34 RP#5 Material components RE-Index. 

 

3.5.1 Reuse of components 

The reuse of structural components is theoretically possible, though it requires dimensional 

adjustments to meet the specific façade requirements, which vary with each project. 

For the hemp insulation, after removing the anchor bolts and silicone, and reshaping the outer 

surface to eliminate any residual material, the panels can be repurposed. Although their 

dimensions may differ from the original size, they remain functional for insulation purposes. 

Regarding the photovoltaic modules, efficiency loss must be considered, but they can still be 

reused. There are already several examples of installations where decommissioned photovoltaic 

modules have been reinstalled elsewhere, particularly in emerging markets, where these 

discarded panels are installed at low cost despite no longer achieving optimal efficiency. For 

simplicity, the reuse index of the multipurpose facade is reported Figure 35. 
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100%
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BIO BASED
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9
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20%
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90%

100%
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100%
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20%

20%

100%

50%
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do not 

do not 
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100%

100%

100%

100%

do not 
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100%

RECYCLING

100%

30%

100%

do not 
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50%
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Sn
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Figure 35: Multipurpose face reuse index. 

 

3.5.2 Recovery of materials 

Once the components of the multi-purpose facade have been deconstructed from the ventilated 

facade system, they can be recovered for potential recycling or reuse. The removed materials, 

including photovoltaic modules, hemp insulation panels, and the aluminium support 

structure, can be salvaged and preserved for other projects or applications. 

Theoretically, many of the constituent elements can be recovered, although it is essential to 

separate them effectively. As construction products, they must be recovered individually to avoid 

contamination with different materials. For other elements especially polymeric, is not possible to 

have an active recovery. 



46 Co-funded by the 
European Union 

D2.8 / Guidelines for recycling the components of 8 renovation packages 
 

 

 
Figure 36: Multipurpose face reuse index 

3.5.3 Recycling of materials 

When reuse and recovery of the RP#5 multipurpose façade system are not feasible, recycling 

becomes the most critical objective to prevent hazardous materials from being sent to landfills. 

It is important to highlight that the façade structure is made of metallic components, for which 

well-established recycling processes already exist.  

For the insulation system, both the anchor bolts and the membrane can be recycled, with a 

potential recovery rate of approximately 60-75%. 

Regarding the multi-density panels, although they are composed of biologically sourced 

materials, they cannot be fully recycled due to the fire protection treatments applied to enhance 

their reaction to fire. During the recycling process, the achievable recovery rate for these panels 

is approximately 70-80%. 

The photovoltaic modules present a greater challenge due to their composition of multiple 

layers of different materials. Below, we first provide the overall recycling index for the façade, as 

we have done for other categories, followed by a detailed breakdown of the recycling process for 

the photovoltaic modules, organized by the individual materials that constitute them. 
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Figure 37: Multi-purpose façade recycling index 

3.5.3.1 BIPV component 

PV module recycling must be done by only authorized entities spread across the globe. For 

example, in Switzerland, SENS e-Recycling is in charge of this task. 

Regulations stipulate that the required collection rate for waste PV modules is 85%, meaning that 

15% of waste PV modules end up in landfills. 

A specific electricity of 0.056 kWh/kg and 0.0324 MJ/kg diesel consumption is required to 

disassemble and sort the collected PV modules. 

The PV panels are firstly separated from the junction boxes and aluminium frame. They are then 

crushed to separate the glass from the PV cells and encapsulation materials. 

3.5.3.2 GLASS  

The front and back glass used for the RP#5 - MULTI-PURPOSE FAÇADE BIPV component is 3 

mm glass thick. According to SENS’s comments, 74% of the glass can be recycled, with the 

remaining portion being sent to landfill. Further improvements on the recycling process could 

increase the recycled glass percentage to as much as 95%. 

 

Figure 38: Glass 
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3.5.3.3 Encapsulation layer 

The Encapsulation layer for the SUNAGE laminated PV modules consist of: 

• Transparent EVA (Ethylene-Vinyl Acetate) for the front side. 

• Black POE (Polyolefin Elastomer) for the backside. 

According to SENS’s comments, 100% of this component will be headed to Incineration for energy 

production. 

 

Figure 39: Encapsulated layer 

3.5.3.4 PV CELLS 

SUNAGE uses SBC M6 Half-Cut cells for BIPV module production. The Back Contact cell 

technology features all connections on the back side of the PV cells, increasing the active area 

on the front side and ensuring higher energy production. This year is the first time SENS started 

recycling silicon from PV cells, so no data are currently available. However, various studies 

suggest the potential to recover up to 85% of reused silicon. 

 

Figure 40: PV cells 

 

3.5.3.5 Connection ribbons 

Ribbons of various alloys and dimensions are used during the PV module manufacturing stage, 

all containing a high percentage of tin to facilitate the welding process. According to SENS’s 

comments, 100% of this component is concentrated in plastic waste. 

 

Figure 41: Connection ribbon 
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3.5.3.6 JUNCTION BOXES 

The junction boxes, consisting of bypass diodes, wires, and MC4 connectors, are essential 

for connecting PV modules in solar arrays. This component is separated from the PV module in 

the first stage of the recycling process and undergoes a dedicated recycling procedure. During 

this process, the plastic, copper, and diodes are separated. Unfortunately, only a small 

percentage of copper can be recycled, while the other materials are sent for incineration.  

 

Figure 42: Junction boxes 

3.5.3.7 Glue 

To ensure a waterproof connection between the junction box and the back glass, black silicone 

is used. 100 % of this material is concentrated in plastic waste. 

 

Figure 43: Glue 

3.5.3.8 ALUMINUM 

The aluminium coming from the fixing structure components can be largely recycled, up to 94%. 

 

Figure 44: Aluminum profile 

3.6 RP#6 PANOREN 

The improved PanoRen facade aims to promote the installation of ventilation and solar panels on 

facades to facilitate on-site installation while improving the thermal and environmental properties 

of the complex. 

3.6.1 Reuse of components 

The reuse of Photovoltaic modules is possible though the CEA spin-off SOLREED. SOLREED 

gives a second life to photovoltaic panels, reducing environmental impact and ensuring strong 

commitment to integration. These installations come with a guarantee of at least 15 years and 
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utilize cutting-edge technology to ensure safe and reliable operation. 

3.6.2 Recovery of materials 

The various elements of the facade, i.e. the wood, insulation, rain screen, fixings, ventilation 

ducts and photovoltaic panels, are recovered from the facade and separated from each other 

to be recycled or reused. 

3.6.3 Recycling of materials 

Wood recycling involves several main stages. Once collected, waste wood is received at 

processing sites, where it is sorted manually or mechanically, and then shredded into different 

sizes. This waste can be transformed into raw materials for: 

• Particleboard manufacture (slabs, sawdust, and various offcuts, etc.). 

• Manufacture of paper pulp (from sawmill by-products). 

Steel is a recyclable material as it can be remelted. It is melted at around 1,600°C and then 

reused once it has solidified again. 

PVCYCLE offers waste management services for photovoltaic and electrical/electronical waste. 

3.7 RP#7 ACTIVATED CELLULOSE 

One of the main purposes of Activated Cellulose insulation is to use biodegradable material 

derived from a natural, renewable source. Activated Cellulose contains no synthetic or hazardous 

components, making it easy to reuse, recover, or even recycle. 

3.7.1 Reuse of components 

The Activated Cellulose will not degrade after the building’s lifespan, and if deconstruction is 

done carefully, the insulation panels can be retrieved intact and without defects. In this form, the 

panels can be reused in the same way as they were originally produced. During the reuse 

process, the insulation panels can retain their original form, but if adhesive is used to fix them to 

the wall, it may complicate future deconstruction as the insulation PLATANes may break. In 

broken form, the reuse becomes almost impossible. In this case, no adhesive was used, which 

ensures the full reusability of the panels. 

3.7.2 Recovery of materials 

In case of Activated Cellulose, the recovery is possible even if the deconstructed panels break 

or become contaminated with organic or inorganic materials, such as dust or animal residues. If 

the panels are exposed to rain due to missing or poorly installed covering PLATANes, the water-

damaged thermal insulation can be recovered depending on the extent of the damage, either 

as natural fibre or for energy production through incineration.  

The fibres, once separated by hydromechanical treatment or dry defibring, can be used as blown 

insulation for irregular spaces, such as attics. 

3.7.3 Recycling of materials 

Natural-based fibres can be recycled in many forms. Activated Cellulose contains more than 

98% natural fibres, with the remainder mostly consisting of beeswax, which is also 
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environmentally friendly. Hydromechanical refibring is the most common method for producing 

secondary fibres from natural-based insulation. Although the quality of the fibres may degrade, 

they can still be used as raw material for the production of agglomerated wood boards, such as 

chipboard or medium- and high-density fibreboard (MDF and HDF). When used for MDF or 

HDF, the fibre quality meets the requirements of the new product. 

3.8 RP#8 INTELLIGENT WINDOWS SYSTEM 

The intelligent windows system is a multi-component solution containing various materials. Its 

components may be reused in similar scenarios to the current project. In some cases, 

modifications may be required, for example, if the dimensions of the original windows do not 

match those of the new site. Alternatively, the Intelligent Windows System can be disassembled 

into its components, allowing elements to be reused, recovered, or recycled for other purposes. 

The primary goal is to select solutions that minimize environmental impact and reduce energy 

consumption during the reprocessing of these components and materials. 

3.8.1 Reuse of components  

In the optimal scenario, the intelligent windows system can be reused at a new site with minimal 

modifications. Damaged parts or components must be replaced if necessary. If the dimensions 

of the windows do not fit, the frame of the intelligent windows system must be fully disassembled 

and resized before reuse at the new location, including replacing elements that are smaller or 

shorter. Most of the discarded or unused parts of the original system can be reused or recovered 

for other projects, while other materials may be recycled. If not used for its original purpose, the 

sliding window can be repurposed for installation in a new building. 

3.8.2 Recovery of materials 

The intelligent windows system contains a substantial amount of metal components (aluminium 

and steel) in its frame. These can be easily reused with some size modifications for constructing 

supporting structures in other projects. Screws, if undamaged, can be reused for assembling 

metal structures. The chains and DC motor from the driving unit can be reused to support 

constrained movements, such as for windows. 

3.8.3 Recycling of materials 

Some components of the intelligent windows system are made of plastic which can be recycled 

using standard plastic recycling methods. The glass from damaged window panes is fully 

recyclable through remoulding. The mounting console for the frame is made of polyurethane, 

which can be repurposed through recycling to manufacture new insulation or by extracting the 

energy it contains.  

Electronic components should be disposed of at designated collection sites, such as certified 

e-waste recycling centres, where they can be processed using electronic waste recycling 

methods. The battery of the controller unit contains lithium and can be processed by a heat-based 

smelting process (pyrometallurgy) or a liquid-based leaching process (hydrometallurgy).  

No special technology is needed for most of the component of the IWS. The recycling of 

aluminium glass and plastic is well known in recent years. The recycling of electric components 

like control circuit panels also has a technology for separate the materials. 
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4 CONCLUSION 

This deliverable has provided detailed guidelines for the recycling, recovery, and reuse of 

materials and components of the eight renovation packages (RPs) analysed. The assessment 

conducted shows that a significant proportion of the materials used in the RPs can be successfully 

reused, recovered, or recycled. Simpler materials are easier to recycle compared to more 

complex, high-technology materials. Some RPs incorporate specialized materials such as solar 

panels, batteries, or heat pump components. While recycling options for these materials exist, 

they generally require more advanced technologies, additional preparation, and potentially 

greater energy investment. The complexity of certain RPs, where specialized materials are 

combined with simpler, natural-based materials, highlights the importance of the guidelines on 

recovery and separation. These provide useful insights into how to handle the different materials 

effectively. Most of the materials used in the eight RPs can be recycled in either their original or 

modified formats, supporting the REHOUSE project’s objective of being as environmentally 

friendly and sustainable as possible. The techniques, methods, and processes outlined in this 

deliverable aim to drastically lower the environmental footprint of the renovation packages at the 

end of their service life.  
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