
 

 
DRIVE 0 
Driving decarbonization of the EU building stock by enhancing a consumer centred and locally based 
circular renovation process 
 
Contract No.: 841850 
       
Report:   D2.1 Report on the assessment available product and technology developments,  
                                  benchmarking and selection of most favourable and most potential solutions for   
                                  further development to circular renovation products and a list of criteria/KPI’s 
Work Package: WP2  – Task 2.1 Inventory and assessment available product and technology   
                                  developments and benchmarking 
Deliverable:  D2.1 
 
Status:  Public version 
 
 
 
 
 
Prepared for: 
European Commission  
EASME 
Project Advisor: Mr Sylvain Robert  
 
Prepared by: 
Ana Tisov, Peter Op ‘t Veld (HIA), Albin Rohith, Michiel Ritzen, John van Oorschot, Dario Cottafava 
(ZUYD) 
11 November 2020 
 

This project has received funding from the European Union’s H2020 framework programme for research 
and innovation under grant agreement no 841850. The sole responsibility for the content lies with the 
authors. It does not necessarily reflect the opinion of the European Communities. The European Commission 
is not responsible to any use that may be made of the information contained therein. 



                                                                 
 

H2020 DRIVE 0_841850_WP2_D2.1                           2 
 

Summary 
 
The goal of this deliverable 2.1 is to review the state-of-the-art solutions for deep renovations, thus 
including technologies and products, that have been developed, tested and employed over the last 
decade of EU-funded projects. As the basis, the ProGETonE D2.1 Brief Report on state of the art of 
deep renovation to nZEB and pre-fab system in EU deliverable was used (report produced by HIA). 
 
As a general criterion for this state-of-the-art selection, this deliverable specifically focused in including 
projects able to deliver insights on advanced integrated design method, dynamically including 
production, monitoring, control and operation of smart components and systems adopted for deep 
retrofit and prefab systems. However, completeness has not been explicitly pursued where this 
overview is only a first step. Not including products or services in the sample book does not mean that 
they are not applicable for deep retrofits.  
  
These products were then benchmarked on several key performance indicators (KPIs): 

- circularity and potential for circularity (based on the DRIVE 0 D 6.1 ‘Report on benchmarking 
on circularity and its potentials on the demonstration sites’); 

- total performances; 
- cost effectiveness and cost reduction; 
- time reduction in the total renovation process. 

 
A list of criteria and key performance indicators (KPIs) is made (part of Task 2.2) for the further product 
development in Tasks 2.3 – 2.6. An idea for a circular product or service is often shared by several 
product manufactures/suppliers. That is why, the different products were mapped under the same 
product type (generic), and specific (brand) products or services are given as examples. 
 
However, at this stage of the project there are not yet criteria established in the participating countries 
of DRIVE 0, expect for the criterion in the Netherlands where there is a maximum environmental cost 
related to material consumption for a building. 
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1 Introduction 
 
Decarbonisation of the EU building stock is one of the most important and complex targets in EU [1] 
to achieve a decarbonized European society in general. While the built environment is responsible for 
40% of final energy consumption in the EU, embodied energy in buildings accounts for up to 60% of 
the building’s life cycle energy, with collateral embodied CO2. Within the EU more than 50% of all 
extracted materials are attributed to buildings. The exploitation of natural resources and its collateral 
environmental impact is a serious threat to the natural, social and economic systems in the EU. 
Renewable energy technologies as well as reuse and recycling of resources/materials are needed to 
overcome this challenge. Therefore, a transition to both a deep and circular renovation of the total EU 
building stock is necessary to meet the challenge of decarbonisation. 
 

1.1 Need for deep renovation solutions 
Deep Renovation [2–5] refers to energy renovation processes involving the full energy efficiency 
potential of improvements, that combine several necessary measures in one strategy, instead of 
focusing on single standard actions (i.e. windows replacement, wall insulation, new generator with 
greater performances, etc.). 
 
One of the most important lessons learned from the ‘first generation’ pilot projects on deep renovation 
is that the main barriers are not related to specific technical solutions [6-7], cost effectiveness [8-9], 
but deal with the deep renovation and nZEB knowledge, for both the building owners/users [10] and 
for the designers [11]. Although the need for multiple benefits of improved energy efficiency, by a 
holistic approach (i.e. combining energy efficiency with improved indoor environmental quality, health 
and wellbeing, improving moisture safety) are very well known [12-13], these are not yet fully 
integrated in consumer centred business models, necessary to achieve higher rates of renovation to 
decarbonize the building stock in order to meet long-term climate, environmental and energy targets. 
 

1.2 Circularity – a mean to sustainable future 
Hence, in Drive 0 circularity in itself is not a goal. However, it is a mean to maintain a viable 
environment for now and in the future. That is only possible if we ensure that the stocks of raw 
materials, clean water, air and soil, biodiversity and space are preserved.  
 
The DRIVE 0 deep and circular renovation is defined as: ‘A circular deep renovation, which contributes 
to a circular built environment, is based on 100% life cycle renewable energy, and all materials used 
within the system boundaries are part of infinite technical or biological cycles with lowest quality loss 
as possible.’ Drive 0 has a unique concept, offering efficient renovation solutions concerning energy, 
materials and costs, within innovative consumer-centred circular renovation processes.  
 
A commonly used set are the 10 R strategies1. If we see a building as a product, then the most efficient 
approach is to see building as an asset where a new building is not needed – refuse (R0) and through 
enabling a multifunctional use – rethink (R1). Providing building components that can ensure 
multifunctionality and modularity paves the path towards accomplishing circular building. However, 
selecting just a few 'circular' products does not lead to a circular building.  
In DRIVE 0 the idea is to (re)develop well accepted and proven prefab plug & play solutions which have 
proven to be more cost-effective, less time consuming on the building site (envelope renovation of a 
single house is possible in < 1 day) and thus less disruptive. However, the idea is to make it more 
circular & sustainable. A good (circular) design means making choices, on which concept, and on which 

 
1 J Potting, MP Hekkert, E Worrell, A Hanemaaijer. 2017. Circular economy: measuring innovation in the product 
chain.  
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strategies to deploy. This is the only way to create a coherent set of design features. It seems that 
primary the focus in deep renovation solutions is still on the (technical) material cycle. However, with 
few changes circular sustainable building can be realized with the well-considered 'circular' 
applications of existing ‘deep renovation’ products. One example can be on material level, changing to 
less energy- intensive from a life cycle perspective and more environmentally friendly regarding 
applied materials. Minimizing the environmental impact is sought because this also helps to prevent 
the depletion of the stocks. 
Furthermore, designing with future disassembly and reuse in mind and promoting commitment among 
clients and other stakeholders can further help accomplishing circular applications within the built 
environment.  
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2 Methodology for benchmarking 
 
2.1 Introduction 
The first objective of DRIVE 0 is (re)developing proven plug & play prefab deep renovation solutions 
for building elements and building services a step further towards holistic circular renovation products 
and concepts. In several H2020 projects on deep renovation these plug & play prefab solutions for 
renovation of the building envelope and building services have been developed and tested, in most of 
the cases to a TRL of 6 to 7. These renovation concepts are mainly based on improving the operational 
energy performance of buildings (and not yet on embodied energy). These prefab plug & play solutions 
have proven to be effective solutions to come to a substantial: 
- Reduction of both renovation time on site and costs.  
- Reduction of disturbance for occupants during the renovation works.  
- Quality improvement by better quality control during the production process (then on-site works).  
 
The most promising solutions will be developed further to circular renovation products (re-use and 
recycling of materials, bio-based materials) and bring these products to a market ready level with a 
TRL of 8-9. The products to be developed further in work package 2 will be: 
- Prefab plug & play solutions for facades, roofs, and additional modules, both 2D (task 2.3) and 3D 

(task 2.4). 
- Prefab platforms for building services or so called ‘energy modules’ or ‘house engines’ (task 2.5). 
- Smart building and installation details for mounting and de-mounting, ensuring quality during life-

time and re-usability (task 2.6). 
 
As an inception of work package 2, first an inventory is made on a number possible deep renovation 
products and concepts. This inventory is done in three ways: 

1. an inventory of products in a number of recent H2020 projects on deep renovation (section 
3.2); 

2. an inventory of suppliers in the seven DRIVE 0 countries with available circular products 
available and/or with circularity ambitions (section 3.3); 

3. an inventory of circular products and developments of the DRIVE 0 industry partners (section 
4). 

 
Inventory on H2020 projects: 
Over the last years many European projects (especially the first generation of H2020 projects on deep 
renovation) have addressed technological barriers for deep renovation in a comprehensive way. The 
several technological solutions and approaches have been summarized and analyzed in a number of 
documents, for example in ProGETonE, D2.1: Report on the SoA of deep renovation to nZEB and prefab 
systems in EU. Most of these developed products are at a TRL 6 to 7. From these projects the most 
promising solutions will be selected and be benchmarked on both operational and embodied energy 
and assessed on (the potential to develop to) circularity. From there, these products will be further 
developed to circular products and concepts, to a TRL 8 to 9. From the gross list of 27 FP7 and H2020 
projects the most interesting ones are selected. A further inventory is done by direct requests to the 
project coordinators. 
Such a sourcing scenario can also be analysed in order to understand possible synergies and overlaps 
between selected solutions, as well as possible directions of further developments aimed at filling 
eventual gaps that prevent their full (circular) market exploitation. 
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Inventory of national suppliers 
In each DRIVE 0 country an inventory was made of suppliers of circular products, leading to a short list 
of suppliers and products for a further assessment in section 3. DRIVE 0 countries involved: 
Estonia, Greece, Ireland, Italy, Netherlands, Slovenia, and Spain. 
    
Inventory of products of the DRIVE 0 industry partners 
A first inventory of products of the DRIVE 0 industry partners was done during the DRIVE 0 1st Technical 
Workshop at the premise of Knauf Insulation Experience Centre (KIEXC) in Škofja Loka, Slovenia, more 
specifically in WS1: Industries ambitions to come to a circular solution. The outcomes are reported in 
the minutes of the TW1 and are condensed in section 4. 
These are the DRIVE 0 industries involved: 
 

Industry Country Specific product Remarks 
WEBO Netherlands Prefab (timber) panels  
Factory 0 Netherland ‘House Engines’  
Aliva Italy Aluminum-based prefab panels ALIVA starts from partial 

prefabrication (not all 
the assembling phases 
made in the factory) to 
reach a fully prefab 
facade system 
completely realized in 
the factory and installed 
scaffoldless 

Timbeco Estonia Timber frame prefab panels  
Knauf Slovenia Bio-based Ecose applications (rock 

wool with the bio-based ECOSE 
binder) 

 

 
2.2 Benchmarking criteria 
In DRIVE 0 the benchmarking will be done on the following four main criteria: 

- Circularity and potential for circularity 
- Total performances 
- Cost effectiveness and cost reduction 
- Time reduction in the total renovation process 

 
At this stage of the project there are not yet criteria established in the participating countries of DRIVE 
0, expect for the criterion in the Netherlands where there is a maximum environmental cost related to 
material consumption for a building. 

Circularity benchmarking 
This paragraph focuses on the development of a list of criteria and Key Performance Indicators (KPI’s) 
to make a selection of the most suitable and potential solutions for further development to circular 
products/solutions, bringing these to a TRL 8 – 9. 
 
This development fits in the new comprehensive Strategy for a Sustainable Built Environment launched 
by the European Commission. …This Strategy will ensure coherence across the relevant policy areas 
such as climate, energy and resource efficiency, management of construction and demolition waste, 
accessibility, digitalisation and skills. It will promote circularity principles throughout the lifecycle of 
buildings by: 

- addressing the sustainability performance of construction products in the context of the 
revision of the Construction Product Regulation, including the possible introduction of recycled 
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content requirements for certain construction products, taking into account their safety and 
functionality; 

- promoting measures to improve the durability and adaptability of built assets in line with the 
circular economy principles for buildings design and developing digital logbooks for buildings; 

- using Level(s) to integrate life cycle assessment in public procurement and the EU sustainable 
finance framework and exploring the appropriateness of setting of carbon reduction targets 
and the potential of carbon storage; 

- considering a revision of material recovery targets set in EU legislation for construction and 
demolition waste and its material-specific fractions; 

- promoting initiatives to reduce soil sealing, rehabilitate abandoned or contaminated 
brownfields and increase the safe, sustainable and circular use of excavated soils… 

(source: EU Circular Economy Action Plan, 2020) 
 
As a point of leave, the list of criteria and KPI’s is based on the LEVEL(s) framework of the European 
Commission (see Figure 2.1). 



 
Figure 2.1. LEVEL(s) – the framework with its indicator



Most relevant of the LEVEL(s) framework for product development in DRIVE 0 is macro objective 2; 
Resource efficient and circular material life cycles. The description of this objective is to optimize the 
building design, engineering and form in order to support lean and circular flows, extend long-term 
material utility and reduce significant environmental impacts. 
 
Based on the indicators of  macro-objective 2 in the LEVEL(s) framework and the applied indicators in 
the Deliverable 6.1 the following indicators are proposed in a 2 – level approach. This approach has 
been developed based on the experience in DRIVE 0 that throughout and in-depth data acquisition is 
time and effort demanding and might be premature for all solutions..  
 
Level 1 generates a general overview of the level of circularity of a product, based on only a number 
of yes/no questions. In this way, a quick analysis can be conducted if a product has a basis to be or 
become circular, with a maximum of 15 questions to be answered yes. Level 2 generates in-depth 
insights in the level of circularity of a product and improvement potential. For a level 2 circularity 
assessment, a significant amount of data and time effort is necessary. All indicators below refer to the 
renovation product. When applying this list of indicators, the assessor clarifies the scope and boundary 
conditions of the study (e.g. façade element, rooftop element, etc.) and clarifies the relations assessed 
(connection between 2 materials in the element, connection between 2 elements, connection 
between element and building, etc.) in an introductory text.  
 
The level 1 assessment is divided in 4 scopes; general questions, questions related to a material as a 
product, questions related to a product, and questions relevant to multifunctional products. Based on 
the scope and boundary conditions, the selection of questions has to be answered (e.g. for a material, 
the product and multifunctionality scope does not have to be taken into account) 
 
Level 1 circularity assessment: 
 
General questions 
 
G1.  Digital logbook (yes/no) 
G2. EPD/C2C label (yes/no) 
G3. Mass of materials known (yes/no) 
G4. Embodied Energy of materials known (yes/no) 
G5. Embodied CO2 of materials known (yes/no) 
G6. Material division between new, reused and recycled known (yes/no) 
 
Material scope  
 
M1. Elements and parts made of compatible or homogenous materials (yes/no) 
M2. There are established recycling options for materials (yes/no) 
M3. Constituent materials can be easily separated (yes/no) 
 
Product scope 
 
P1. Elements and parts are easily separable (yes/no) 
P2. Number and complexity of disassembly steps between elements and parts are low (yes/no) 
P3. Prefabricated elements and parts (yes/no) 
P4. Standardized dimensions of elements and parts (yes/no) 
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Multifunctionality 
 
F1. If applicable: Future adaptability of functional needs (yes/no) 
F2. If applicable: Use of modular building services (yes/no) 

 
The level 2 assessment is an in-depth continuation of the level 1 assessment. For this assessment, a 
significant amount of data is necessary, as well as a higher level of experience/knowledge of the 
assessor.  
Level 2 circularity assessment (additional to level 1 circularity assessment): 
 

1. Estimation of service life (yrs) 
2. Mass of materials (kg/m2 useful floor area) 
3. Embodied Energy of materials (MJ/m2 useful floor area) 
4. Embodied CO2 (kg/m2 useful floor area) 
5. Material division between new, reused and recycled (% kg, EE, and ECO2) 
6. Type of connections (rating according to report 6.1) 
7. Accessibility of connections (rating according to report 6.1) 
8. Crossings (rating according to report 6.1) 

 
In report 6.1 the results presented showed different interpretation of the indicators between the 
different demonstrators, giving insight in the complexity of the scope, boundary conditions, and 
necessity of criteria to indicate to what extent the indicators relate to a material, a component in and 
of itself and its relationship to its context or all three aspects. In the LEVEL(s) framework, this issue 
does not seem to be resolved yet, and the list of indicators mentioned above will be subject to different 
interpretations.  
 
The weighting and rating scale are based on the Design for Disassembly methodology that has been 
previously adopted in Task 6.1.   
 
Total performance 
Benchmarking on the total performance is a complex process as the meaning of ‘total performance’ 
can be very broad. Total performance can include: 

- building physical/thermal performance (thermal transmittance, thermal/hygric, airtightness, 
etc.)  

- acoustic performance 
- fire safety 
- durability and service life 
- aesthetics 
- flexibility/modularity (strongly related to circularity) 
- various safety issues 
- operational energy savings? 
- Business model 

However, with benchmarking on total performance is meant the performance optimization, i.e., ‘get 
more for the same or less money’ by, for example: 
- systemic approach of for example building physics versus energy installations;  
- systemic approach using production accuracy to reach buildings/installation performances almost 

without extra effort and reaching better performance at the same time. 
 

Cost effectiveness & cost reduction 
Cost effectiveness and cost reduction can be achieved  in several ways. In a number of previous H2020 
projects on deep renovation this was, for example, achieved by:  
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- Integration of several technical components, at all systems levels ranging from mechanical 
connections to ventilation system and emission systems in facades or roofs, corresponding with 
the function of the element in multifunctional elements.  

- Integration of systems leading to integration of components. 
- Minimizing interior works in apartment (ventilation ductwork for example). This is very much 

related to the first two developments on cost reduction. Using integrated multifunction façade 
elements, for example, with integrated ventilation ducts in the façade, can lead to cost and time 
reduction by avoiding internal renovation works. 

- Development of smart Plug & Play connectors for quick and easy installing, saving on labor time 
on the renovation site. 

- Re-design of components and renovation concepts for industrial assembling the component for 
reducing the amount of materials, time and costs in combination with re-design to an integrated 
product, industrial, cost efficient, sustainable and demand-driven production. The structure and 
layers of prefab envelope elements are often a ‘replication’ of the  traditional elements, 
constructed on site. Re-design includes a total rethinking on the necessity and function of these 
layers and the materials used. Technologies like 3D printing can enhance the process of redesign. 

- Scale advantages due to mass production in an (extremely) automated line production process, 
enhancing repeatability in Europe and applicability on different housing typologies.  Although 
mass production indeed should lead to cost reduction, most of the developed deep renovation 
(prefab) solutions did not lead to mass production, i.e., did not lead to a massive market uptake 
(yet).  
 

A step to make to a further cost reduction is the connection between advanced geomatics (point 
clouds) and BIM for production as transferring point clouds in BIM is still hand work. If this step can be 
made, it should be possible to come to a disruptive price reduction, without limiting the quality. 
 
Time reduction in the total renovation process 
Time reduction is mainly achieved by a high degree of prefabrication, in combination with smart ‘plug 
& play’ connectors. The ‘first generation’ of deep renovation projects, using prefabrication and plug & 
play connectors 4 achieved a total installing time on site of with a maximum of 5 days with finally an 
installing time of 2 days. This can be further reduced to 1 day (only the energy renovation, not 
additional renovations).  
 



3 State of the art report 
 
3.1 Introduction to the recent development of deep renovation P&P products  
An efficient way to achieve the purpose of deep energy renovation on a larger scale is to apply an 
integrated design process and use prefabricated renovation elements. This is one of the ways to obtain 
high energy efficiency and quality both in production and installation processes. By using prefabricated 
insulation elements it is possible to increase quantities and the quality when renovating buildings [7]. 
Cost-effectiveness and advanced energy-efficient retrofit strategies that create added value for the 
existing building stock have been investigated in several projects, which have proved the viability of 
the new retrofitting solutions [8–10]. 
The International Energy Agency’s Energy in Buildings and Communities Programme (IEA ECBCS) Annex 
50 ‘Prefabricated Systems for Low Energy Renovation of Residential Buildings’ in 2006–2011 [11] 
concentrated on typical apartment buildings and was focused on energy efficiency and comfort in 
buildings, optimisation of construction and cost efficiency of prefabrication. The case study buildings 
renovated in the framework of that programme were six demonstration buildings in Austria, 
Netherlands and Switzerland (see figure 3.1). It was pointed out that the definition of the tolerance 
space needed between a building and modules and the accurate mounting of the module support 
brackets around the building are important to consider. 

 

 
Figure 3.1 IEA ECBCS Annex 50 prefab elements production for the case study building in Switzerland 
(left) and assembly of the elements in the Austrian case study building (right) [11]. 
 
In 2008–2009 researchers from Finland worked in cooperation with German and Norwegian partners 
to realise the research project titled ‘Timber Based Element Systems for Improving the Energy 
Efficiency of the Building Envelope (TES Energy Facade)’. The goal of the project was to develop a 
facade renovation method (TES method) based on large-scale, timber-based elements for the 
substantial improvement of the energy efficiency of renovated buildings that would be applicable 
throughout Europe. The TES Energy Facade defined the basic principles for the energy modernisation 
of the building envelope using prefabricated large-sized timber frame elements. The basis for the use 
of prefabricated retrofit building elements is a frictionless digital workflow from survey, planning, off-
site production and on-site mounting based on a precise initial three-dimensional (3D) measurement 
(see  
Figure 3.). The Technical Report of the TES Energy Facade project [12] pointed out the importance of 
moisture control and an individual moisture simulation of the chosen structures by dynamic 
simulations but did not present strict numeric limits to the IMC. It was noted that the TES element has 
to be diffusion open to the outside, with a low water vapour resistance (0.3 m ≤ Sd ≤ 4 m) on the 
outside of the element and water vapour diffusion resistance Sd at least six times higher on the inside 
of the element. Also, the TES element joints have to be sealed for airtightness to ensure the required 
moisture performance [13]. 
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Figure 3.2 Vertical section of the principal design of a TES element (left) [13]. Mounting of TES 
elements in Finland (right) [12]. 
 
In Sweden the technology procurement ‘Technology Procurement of Rational Insulation of External 
Walls and Facades of Existing Apartment Buildings’ (in Swedish: ‘Teknikupphandling: Rationell isolering 
av klimatskärmen på befintliga flerbostadshus’, TURIK) [14] was started because there was a need for 
the development of rational solutions for improved energy performance of the building envelope, 
primarily walls, designed for energy efficiency of existing buildings. According to the requirements of 
the project, analysis of the hygrothermal performance of all systems was performed. The report stated 
that the solutions should be produced and assembled in a rational way, be cost-effective, have a low 
environmental impact during their life cycle and be persistent, which means maintenance 
requirements and low risk of damage. See  
Figure 3.33.3 for examples of the research made. 
 

 
Figure 3.3 Testing of facade details in the project of insulation and technology procurement in 
laboratory (left) and on the plastered facade in Sweden (right) [14]. 
 
The EU Horizon2020 project E2ReBuild [9] in 2011–2014 with many partners from all over the EU was 
aimed to investigate, promote and demonstrate cost-effective and advanced energy efficient retrofit 
strategies that create added value for existing apartment buildings and endorse end-users to stay and 
build a dynamic society, to establish and demonstrate sustainable renovation solutions that will greatly 
reduce the energy use, to create a holistic industrialised process that minimises technical and social 
disturbance for tenants and facilitates energy efficient operation and use of the buildings including 
encouraging energy efficient behaviour. The E2ReBuild demonstration projects made use of results 
from research on innovative and sustainable renovation solutions. Specifically, the focus was on 
industrialised manufacturing of facade elements and standardised retrofit measures with a high 
replication potential. See examples in 
Figure 3.4. 
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Figure 3.4 E2ReBuild demonstration project in Oulu, Finland. New insulation installed on facades, 
roof and ground floor slab and new technical appliances [9]. 
 
The RetroKit project [10] in 2012–2016 developed and demonstrated multifunctional, modular, low 
cost and easy to install prefabricated modules, integrating efficient energy use systems and renewable 
energy sources for systemic retrofitting of residential buildings. 
 
The MeeFS project in 2012–2016, Multifunctional Energy Efficient Facade System for Building 
Retrofitting [15], was aimed to develop an energy efficient integrated system composed by an 
innovative concept, built on composite materials, and advanced multifunctional panels with 
technological modules integrated in the facade for building envelope retrofitting. Innovative facade 
concept for retrofitting was based on new industrialised constructive system integrating advanced 
multifunctional panels, technological modules and installations, allowing personalised configurations 
for each facade typology, orientation and local climate conditions, always using standardised panels 
and technological modules. It was meant to be cost effective in service life, with low maintenance, 
easy to be industrialised and assembled, made of composite materials. 
 
The Ri.Fa.Re. (in Italian: Ristrutturare con Facciate pRefabbicate) project in Italy in 2013–2017 [16], 
managed by the Fraunhofer Innovation Engineering Centre in Bolzano in collaboration with five local 
companies, concentrated on timber-based solutions that had to be lightweight and suitable for varying 
climatic conditions, customisable but with a low unit cost typical of mass production, prefabricated 
and quick to be installed on site, optimised with a standardised production and construction process. 
One of the methods was the dynamic simulation of moisture transfer across building components 
allowing identification of possible critical areas along the Ri.Fa.Re. timber-based solution and proper 
placement of protecting membranes such as vapour retarders, vapour barriers and waterproofing 
membranes (see 3.5). 

 

 
Figure 3.5 The Ri.Fa.Re. timber-based solution (left) and dynamic calculation of relative humidity in 
the elements (right) [16]. 
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The objective of the project iNSPiRe (Ochs et al. 2015) was to tackle the problem of high energy 
consumption by producing systemic renovation packages that can be applied to residential and tertiary 
buildings. In that project the development, testing and modelling of a timber frame facade with 
integrated mechanical ventilation with heat recovery and a micro heat pump were presented and 
tested in three demo buildings. 
 
From 2015, quite some H2020 project focused on the development of prefabricated renovation 
elements, working in the call the call EE01-2014 Manufacturing of prefabricated modules for 
renovation of building. The first projects funded in this call were MORE-CONNECT, IMPRESS and 
BERTIM. 
 
The EU Horizon2020 project BERTIM (2015–2019), www.bertim.eu , developed a standardised product 
for the wood industry for energy efficient renovation. The targets of the BERTIM methodology are 
buildings in need of improved thermal performance of their envelopes and building systems [8]. The 
proposed holistic renovation process includes many outputs, e.g. building data gathering (building 
materials, systems, structure and facade geometry obtained by means of laser scanner, total station 
or photogrammetry), creation of the Building Information Modelling (BIM) tool to calculate energy 
savings, costs and configuration of timber modules production. BERTIM panels became suitable for 
facade refurbishment from the technical point of view, but there was room for the improvement of 
the whole process by means of industrialisation and automation of manufacturing and installation 
processes [18]. See examples in 3.6. 

 

 
Figure 3.6 Integrated appliances in the elements (left). Installation of elements in the BERTIM project 
(right) [18]. 
 
The EU Horizon2020 project ‘MORE-CONNECT’, www.more-connect.eu , was realised in 2015–2019 to 
develop energy efficiency, hygrothermal performance and aesthetics of buildings and demonstrate 
technologies of prefabricated modular renovation elements, including the prefab integration of 
multifunctional components, e.g. for climate control [7] (see 3.7). The main objectives in this project 
in addition to energy efficiency and savings were reduction of renovation time on the building site with 
lesser disturbance to inhabitants, minimising construction failures and ‘one-stop-shop’ scheme where 
the end-user will deal with only one party, responsible for the total renovation. 
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Figure 3.7 Modular pipe installation prototyping in the Czech Republic (left) and in Estonia (right) in 
the MORE-CONNECT project (2016). 
 
Within the Nordic project Nordic Built Concept [19] in 2016 for the renovation and upgrading of 
residential buildings simulation of moisture cases in six different wall constructions of the modular 
system was performed and results showed no sign of problems with condensation. 
 
Also, the EU Horizon2020 project P2Endure (2016–2020), www.p2endure-project.eu,  promotes 
evidence-based innovative solutions for deep renovation of building envelopes and technical systems 
based on prefabricated Plug-and-Play (PnP) systems in combination with on-site robotic 3D-printing 
and BIM. P2Endure aims to increase the scale and level of the adoption of innovative solutions for 
deep renovation through innovative combinations, processes and supporting information 
communication tools [20]. 
 
At the same time, also overall integrated renovation packages were developed in some H2020 projects, 
like in H2020 REnnovates (website not available). The REnovates project focuses on the deployment 
and demonstration of an innovative systemic, 4-step holistic approach comprising state-of-the-art 
renovation with state-or-the-art smart ICT control. Deep renovation of residential buildings will be 
carried out including the installation of a standardised pre-fabricated energy module equipped with 
communication technology converting the buildings into Net Zero Energy Buildings. This can be 
achieved with minimal disturbance to the tenant and with minimal renovation costs for the 
tenant/building owner by means of an innovative business model. The inclusion of interoperable smart 
control strategies introduced at building- , cluster- and business level, implemented on existing 
software platforms and standard compliant serve to ‘unlock’ the residential energy flexibility for grid 
and system level services. Especially for the Netherlands integrated concepts have been developed by 
BAM, including prefab façade elements, prefab roof elements with integrated PV and prefab 
installation platforms (‘house engines’). These developments were highly stimulated by the Dutch 
‘Stroomversnelling’ program, https://stroomversnelling.nl/ . The aim of these integrated renovation 
kits is to significantly extend the life of such homes and to improve the energy efficiency in such a way 
that a ‘zero on the meter’ scenario can be realised. This scenario makes it possible to work out a 
scheme whereby the tenants pay the same amount for their energy as before, while the amount paid 
in practice is divided between the actual energy cost – which is drastically reduced – and the costs of 
the renovation, which the construction company can recuperate this way. 
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Fig. 3.8 The integrated NZE renovation concept developed by BAM  
 

 
Fig. 3.9 The integrated NZE renovation concept developed by BAM in practice  
 
The recent research on technical, financial and social barriers and challenges in deep renovation of 
buildings points out that the main barriers are not related to specific technical problems but are due 
to insufficient deep renovation and nZEB knowledge, in case of both building owners (i.e. awareness 
and commitment) and designers (i.e. managing properly the design and construction process in order 
to guarantee the expected performance and targets set) [21]. Even if retrofit to the low energy building 
level were economically viable, the investment capability of apartment owner associations could be 
insufficient for the necessary investments to achieve low-energy-building energy performance [22]. In 
Estonia, the market value of the real estate outside of the attractive areas and cities, where still about 
33% of the population lives (Statistics Estonia 2016), is usually low and being below the accepted limit 
to get the loan for financing [24]. Also, there are no notable rental companies and market in Estonia 
as about 82% of dwellings are privately owned and usually occupied by the owner. In that kind of 
situations, partial renovation could be one of the ways to move on [25]. 
The literature review and described hereinbefore projects reveal that many development programmes 
have focused primarily on energy and cost-effectiveness with a commitment to develop 
implementation of prefabricated modules, elements and appliances for buildings deep renovation. We 
can see the importance of the preliminary stages of the project with the use of the state-of-the-art 
tools to collect and process data needed for design. Analyses of energy and cost-efficiency are an 
integral part not only for the end-user but also for production planning. The majority of the projects 
realised, besides the developing included also real-life renovation pilots with integrated appliances, 
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proving the suitability of the use of prefabricated elements instead of conventional renovation 
solutions. Nevertheless, the methodology where the external core or even all layers of the envelope 
are removed and replaced with new prefabricated elements is not applicable in cases where the 
concrete core is the integral part of the loadbearing structure (like it is with pilot building type, studied 
in present thesis).  However, most of the described projects have not analysed (or reported the results 
of) the hygrothermal performance associated with the original building envelope and its condition. 
Also, comparison of different materials and their properties in elements would be important to study. 
Therefore, the relevance to analyse and discuss these topics is significant. 
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3.2 Overview of available products and solutions from H2020 projects and on a 
national level 
An inventory was made on products and solutions for deep renovation, developed in several H2020 
projects (2014 – 2020).  
At the same time, also an inventory was made on national level in the countries, involved in DRIVE 0. 
The products and solutions are categorized as follows: 

1. Single façade solutions 
2. Multifunctional and Integrated façade solutions 
3. Roof solutions 
4. Installations 
5. Materials and miscellaneous solutions 

 
This categorization might be arbitrary but it helps to give a structure to the solutions in terms of 
application in renovation projects. Concerning façade solutions, a distinction is made between single 
façade solutions (i.e. single prefab panels) and multifunctional/integrated façade solutions. For this 
last category quite some developments took place in various H2020 projects. The rationale behind 
these developments is that integrating, for example, ventilation ducts in façade panels could avoid 
installation works (ventilation renovation or upgrading) within the dwelling and could also save time. 
However, in the framework of circularity assessment, these solutions should be reviewed and assessed 
again, as these panels combined several elements which can have a negative impact concerning 
reversibility; especially the embedding of installation components in layered panels should be 
reviewed. 
 
Some projects like REnnovates offer total integrated renovation kits, including prefab facades, 
integrated PV roofs and ‘house engines’ (integrated HVAC installation platforms). This concept is 
overall described in 3.1.   
 



3.2.1 Single façade solutions 
This category concerns the single façade solutions, i.e. façade elements without integration of any 
other functions like energy production (PV, solar/trombe walls etc.) or building services (ducts, 
ventilation systems, heating, etc.) 
 

No. Solution name 
(website link) 

Solution description Solution drawing 

1.1  polyurethane based 
insulated panel with 
improved thermal 
performance and light 
radiation  
 
H2020 IMPRESS 
http://www.project-
impress.eu/ 

The hybrid polyurethane (HPU) materials 
used to develop the prefabricated modulus 
are a new type of lightweight hybrid material 
based on PU foam and hydrated cement in 
which both the inorganic and the organic 
phases are co-continuous throughout the 
material and the phases are finely and 
intimately dispersed within each other. This 
material, is designed to meet both the 
advantages of the PU foams and the inorganic 
binder. 
The closed-cell foam structure gives the 
material properties typical of porous 
materials: in particular, the hybrid foam 
evidences thermal insulation, sound 
absorption and acoustic insulation, high 
impact energy and low density typical of 
polymeric foams. At the same time, the hybrid 
foam exhibits water vapour permeability, 
improvement of thermal stability, high 
compressive mechanical behaviour, and 
adhesion to concrete and mortars typical of 
inorganic binders such as cement. 

1.2  Prefabricated Concrete 
Panels for Over-
Cladding & Re-cladding 
with PCM Multilayer 
 
H2020 IMPRESS 
http://www.project-
impress.eu/ 

There are two products included here, and 
both will be investigated to assess the 
potential for further exploitation. The 
collaboration between UCD and Techrete has 
produced two different panels for different 
applications: (1) A pre-fabricated concrete 
panel for over cladding and (2) A pre-
fabricated concrete panel for re-cladding. 
The panel for overcladding comprises a 
vacuum insulation core shielded by two 
wythes of Ultra High Performance Concrete 
(UHPC), whereas the panel for recladding, has 
an inner wythe comprising Phase Change 
Material, as well as a vacuum insulation core 
and an outer wythe of UHPC. 
The ‘overcladding’ panel in the configuration 
is a single panel design, that can be adapted 
as required to specific building requirements. 
It incorporates innovative technologies – 
namely High Performance Concrete, Vacuum 
Insulating Panels (VIP), and textile 
reinforcement - together enable an 
innovative thin, high thermally and 
structurally performing panel. In a thin, 
lightweight form these panels enable 
buildings requiring renovation to be overclad 
from floor to ceiling, and also enabling, mass 
production and rapid installation. This design 
can be adapted and configured as required 
depending on the building configuration, and 
much smaller and less ambitious panel 

 
Ultra High Performance precast concrete over 
cladding panel 
 

 
Precast concrete recladding panel with integrated 
Phase Change Material (PCM) 
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configurations can be developed instead, that 
do not have the structural requirements of 
the full floor-to-ceiling panels.  From a 
material perspective the primary technical 
innovation in this panel is the in house 
developed UHPC concrete that can be 
configured into a range of panel types and 
sizes. 

1.3 Prefabricated modular 
XLAM, or timber framed 
façade additions 
 
ProGETonE 
www.progetone.eu   

These prefab plug & play solutions have 
proven to be more cost-effective, with a high 
LCA performance, less time consuming for the 
assembly procedure on the building site 
adding extra living space to the existing 
apartments. Modularity in Pro-GET-onE is a 
key approach to combine the different 
functions needed for the GET-system: seismic 
rehabilitation structures together with energy 
efficient 
envelopes and integrated technical services 
(e.g. HVAC) from renewable energy sources 
(e.g. heat-pumps). 

 

 
https://www.progetone.eu/2019/07/09/proge
tone-solution-mock-up/  
 

1.4 Frameless Coocoonz 
façade 
 
H2020 P2Endure 
www.p2endure-
project.eu 

The Cocoonz facade is a minimal weight 
prefabricated facade component based on 
techniques used for the back of insulated 
trucks.   
Special is the fact that the element is 
frameless. Using polyester for strength the 
only other material used for the base of the 
component is PU insulation. The new façade 
element is placed in front of an existing 
dwelling using support pieces placed on the 
basis of the building.  
The element consists of two polyester layer 
with PU insulation layer finished off with a 
’mineral stone strip-layer’, wood, plaster or 
other finishing product.  After renovation the 
total heat resistance (Rc value) of the wall is 5 
to 10 (m2K/W) depending on the thickness of 
the insulation layer. The Rc of the total facade 
with a thickness of 100 mm in the demo-case 
Lekkerkerk is 5,68 m2K/W. Possible insulation 
thicknesses is variable with a minimal 
thickness of 100mm. 
Dimensions are restricted to 6x3m. This is 
related to product handling at the 
construction site and transportation 
limitations. 
Finishing of the component are variable. 
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1.5 RenoZEB unit 

 
H2020 P2Endure 
www.p2endure-
project.eu 

The RenoZEB units are a PnP prefabricated 
solution for renovating building envelopes 
developed by the Italian company Focchi 
S.p.A. Each unit is a prefabricated component 
composed by a steel frame, which contains 
several types of layers. Eight typologies of 
units have been developed to fulfil different 
building requirements. The units are created 
and installed following a modular approach to 
improve the production line, the design, and 
the installation process. This modularity 
simplifies both the design of the whole façade 
and the installation of the units. In fact, the 
different types of units can be arranged 
according to the existing façade layout. The 
deep expertise and experience in the fields of 
building facades and aluminum allow the 
company to manage each step of the design 
process (design, production, and installation). 
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1.6 Multilayer Precast 
Concrete Elements 
(PCEs) through the 
combination of 
concrete and 
superinsulation  
 
http://www.veep-
project.eu/ 

VEEP developed a new green concrete and a 
new concrete aerogel are under 
development. In relation to the aerogel 
production one of the main goal is to optimize 
the aerogel synthesis with the water-glass 
produced from silica-rich C&DW recycled 
materials. Experimental activities have shown 
siliceous concrete waste fractions are the 
most promising materials for the preparation 
of cost-effective aerogel composites. A new 
integrated manufacturing plant has been 
designed, commissioned and optimized for 
the manufacturing of aerogels from of 
waterglass solutions obtained from C&DW 
recycled materials. The aerogel composite 
synthesis´ parameters have been upscaled 
and optimized and this has allowed the 
preparation of aerogel panels made of 
waterglass solutions obtained from C&DW 
recycled materials. Aerogel panels of 
1x1x0.07 m³ have been fabricated following 
the integrated process line and have been 
successfully hydrophobized. All streams of the 
process have been successfully validated for 
high recycling recovery: Validation of a waste-
to-aerogel ratio of 2.6 KgSCW/m²aerogel 
(18.7 KgSCW/panel). Preliminary production 
costs show value 51% less than the SoA. 
The  eco-design for the PCEs has been 
finalized as well as the development of novel 
plastic formworks. In particular innovative 
plastic formworks have been designed and 
manufactured, allowing a time reduction of 4 
minutes per square meter and bi-directional 
panel casting flexibility, contributing to the 
achievement of the target +15% daily panels 
production. Novel 3D printed connectors for 
panels layers have been developed as well. 
New green concrete can be produced 
achieving more than 75% weight CDW 
aggregates incorporation, and the new 
concretes  
manufactured with recycled CDW materials 
presented  @28 days values suitable for the 
precast concrete elements PCE1.  The new 
green normal weight concrete recipes are 
very innovative due to the low content in 
cement, getting replaced 5% by recycled 
admixtures coming from different recovered 
wastes. A substitution of cement by recycled 
cementitious particles from the HAS can lead 

VEEP PCE1 for Structural Application 
 

VEEP PCE2 for Refurbishment Application 
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to an increase in mechanical properties while 
the addition of recycled glass ultrafine 
particles can increase the fluidity of the 
mortars and concrete. 
New green cement recipes have been also 
developed showing even better 
characteristics than the reference (with no 
CDW material). When ordinary Portland 
cement was replaced or supplemented by the 
recycled admixtures, very satisfactory results 
were obtained showing increasing the overall 
resistance values with respect to the  
reference ordinary Portland cement (CEMII 
42.5 R). 
Two types, for both refurbished and not 
refurbished building configurations, of 
insulated façade sandwich panels (PCEs) have 
been also developed. VEEP panels are eco-
designed to reduce environmental impact and 
provide competing U value [0,17 W/(m².K) ] 
and manufactured with recycled VEEP 
Concrete and VEEP Green Aerogel. 

1.7 MORE-CONNECT Prefab 
panels for the Latvian 
pilot  
 
H2020 MORE-CONNECT 
www.more-connect.eu 

ZTC developed prefabricated modular 
thermal insulation panels for a small pilot 
building in Latvia. a typical brick multi 
apartment building built in 1967. The pilot 
building is a silicate brick residential house 
with a lateral bearing system, representing 
represents typical buildings constructed in 
the 1950 – 60-ies. This type of building is very 
common in the rural areas and small cities. 
Modular solution is based on the wooden 
frame. Extra attention is paid to air tightness 
of panel joints.  
The main target was to get walls below 0.18 
W/(m2∙K), windows below 1.1 W/(m2∙K) and 
ceilings below 0.11 W/(m2∙K). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 – Existing wall; 
2 – Connection layer between the existing wall and 
modular panel – low-density mineral wool; 
3 – OSB; 
4 – Thermal insulation, λ – 0.033W/(m∙K); 
5 – Wind protection, plasterboard;  
6 – Ventilated air cavity; 
8 – External finishing – wood planks; 

1

2

7

4
5

3

6
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1.8 MORE-CONNECT Prefab 
panels for the Dutch 
pilot  
 
H2020 MORE-CONNECT 
www.more-connect.eu 

The prefab modules for the Dutch MORE-
CONNECT pilot consist of structural wooden 
frameworks and contain glass wool insulation 
(25 cm). The triple glazed windows with 
wooden frames were factory mounted in the 
prefab façade elements. The finishing of the 
elements consists of brick slips glued on the 
prefab modules (off-site), or plaster affixed to 
60mm XPS added to the prefab element (on-
site). The heat resistance coefficient of the 
façade is about Rc = 7,51 m2∙K/W (UWall = 
0,133 W/m2K). For the roof an on-site system 
was applied by adding a layer of insulation on 
top of the existing roof. 
The installing takes place by scaffoldless 
mounting 

 

 



                                                                                                                              
 

H2020 DRIVE 0_841850_WP2_D2.1                                                  28 
 

1.9 AdoRES 
 
H2020 Abracadabra 
http://www.abracadabr
a-project.eu/project/ 

One (or a set of) Assistant Building unit(s) – 
like aside or façade addictions, rooftop 
extensions or even an entire new building 
construction – that adopt the existing 
buildings (the Assisted Buildings).  The 
creation of these new Assistant Buildings’ 
Additions integrated with Renewable Energy 
Sources aims at reducing the initial 
investment allocated for the deep renovation 
of the existing building creating an up-grading 
synergy between old and new. 

1.10 Exterior wall panelling 
https://raitwood.ee/en 

The wooden exterior cladding is a dignified 
facade covering. The prerequisite for a high-
quality end result is that the cladding boards 
have been finished before their installation, 
as well as that the structural solutions of the 
building and the installation methods of the 
cladding board are correct. 

1.11 Raketerm 
https://rake.ee/en/rake
term/ 

Cladding facade system with polyurethane 
foam thermal layer and mineral covered 
surface 
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1.12 Horizontally 
Replaceable Modular 
Facade – project RESBy 
 
CVUT/UCEEB 
 

A new building envelope system with 
integrated greenery has been developed.  It 
consists of non-load-bearing timber-based 
panels. It can be combined with integrated 
technologies (e.g. air-conditioning, facade 
sprinkling equipment, façade vegetation). The 
panels are hung on reinforced concrete load-
bearing skeleton from second to higher floors. 
The solution enables rapid replacement of the 
facade panels or possible improvement of the 
envelope properties to meet the changing 
requirements. The modules can be changed 
independently on each other so that the 
damaged parts of façade can be replaced 
without affecting the building operation in 
other parts of building.  

1.13 Ecoplasbrick® 
RePET Wall®  
(by PANDORA GROUP 
Srl) 
(https://presentation.p
andoraidea.com/)  

This is the first sandwich panel obtained from 
mixed post-consumer plastics (PLASMIX), 
patented in the world. PLASMIX is the waste 
of the sorting process during the recycling of 
polyethylene bottles, plastic bags, packaging. 
The final product is used for internal partition 
walls, floor panels or cladding systems for 
ventilated façade. 
RePET Wall® is a panel based on recycled PET, 
declined in interior partition walls. 

1.14 WindWall® 
(by PANDORA GROUP 
Srl)  
(https://presentation.p
andoraidea.com/)  

Wind Wall® is a ventilated facade system 
designed to change panels of different sizes, 
keeping the same substructure. 

1.15 BUTECH / Ceramic 
ventilated facades 

The modular façade system by Butech is 
based on prefabricated panels including 
exterior ceramic wall tiles; support plates, 
heat insulation nucleus and interior partition 
wall. 100% recycled product 
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1.16 FAVEKER/ Ceramic 
ventilated facades 

Ceramic ventilated façade system that uses 
up to 30% recycled in the manufacture of 
ceramic pieces and the pieces can be 100% 
recycled, both by-products of the process 
and, in the future, the ceramic pieces 
themselves. 
FAVEKER® Clinker is 99% recyclable leading to 
a final product containing 45% recycled 
materials. 
 

 
 

  

 
1.17 BIPV by SOLAR INNOVA 

GREEN TECHNOLOGY, 
S.L., link (considered for 
Spanish pilot) 

Locally produced PV panels for façade 
integration 

1.18 BIPV by ONYX SOLAR, 
link (considered for 
Spanish pilot) 

Locally produced PV panels for façade 
integration. 
They also produce:  PV Skylight, PV Canopy, 
PV Spandrel, PV Ventilated Façade and Roof, 
PV Floor 
PV Kit for Urban Furniture 

1.19 SOLID WALL by SOLI TEK 
CELLS, link 
(considered for Spanish 
pilot) 

PV panels produced in Lithuania, getting 
certified C2C 
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1.20 alfaWALL 
 

Modular system of prefabricated straw panels 
for walls, based on slatted wooden structures 
containing bales pressed. 

   

 
 

1.21 SPANS High performance Plug and Play exterior 
panels for the construction of building 
enclosures. Reduced terms with a high level of 
quality. Customized solutions for each 
project, without entailing an increase in total 
costs. 

 

 
1.22  

 
ULMA FACADE 
 

Light multilayer facade system, dry mounted 
and able to adapt different skin finishes. The 
materials used are recycled or timber based. 
Leed certified. 
Guipuzkoa, Spain. 

 

 
Overall, most façade solutions show a tendency to improve insulation values which is a key aspect in 
deep energy renovation. From a circularity perspective, a number of solutions show a high potential, 
based on the material sources (recycled or biobased), reversibility (materials and components can be 
easily separated and reused or recycled), and prefabrication/standardization. 
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3.2.2 Multifunctional and Integrated façade solutions 
This category concerns the integrated, multifunctional façade solutions, i.e. façade elements with 
integration of one or more other functions like energy production and/or building services (ducts, 
ventilation systems, heating, etc.). 
  

 Solution name 
(website link) 

Solution description Solution drawing 

2.1 Prefabricated 
Multifunctional Timber 
Façade 
 
H2020 4RinEU 
https://4rineu.eu/  
 
https://www.buildup.e
u/en/news/timber-
prefabricated-
multifunctional-facade-
4rineu-project  

Prefabricated multifunctional timber facade is 
a retrofit façade system made of 
prefabricated timber-frame elements for 
building modernization. There are hardly 
limits to the design of the façade: ventilated 
curtain walls or plaster facades with mineral 
or wooden insulation material can be realized 
as well as all other types of façades, which will 
simply be attached to the self-supporting 
timber-frame. The maximized level of 
prefabrication ensures that all details are 
solved off-site within the planning process 
and not later on the construction site.  
The main structure of the prefabricated 
panels is composed of a timber frame, an 
insulation layer and an external cladding. 
Within this main component, most of the new 
integrated components can be 
accommodated.  
Further integration-options are building 
service components:   
- ventilation-ducts and -units  
- heating-pipes and -devices (such as heat 
pumps)  
- cables and empty conduits for electricity  
- façade-integrated photovoltaic or solar 
thermal elements with connecting cables or 
pipes 
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2.2 BuildHEAT 
Prefabricated 
Ventilated façade 
 
H2020 4RinEU 
https://4rineu.eu/  
 
www.buildheat.eu   
http://task56.iea-
shc.org/Data/Sites/1/p
ublications/Task56--
State-of-the-Art-
SWOT.pdf  

BuildHEAT Façade System (BHFS) is designed 
for building envelope retrofitting actions 
aiming at facilitating the integration of solar 
devices and energy distribution systems, and 
at minimizing the impact on inhabitants 
exploiting an industrialized assembling. BHFS 
is made of pre-assembled façade modules, 
each composed of a standardized aluminium 
anchoring frame that can host insulation in 
between transoms and mullions and allow 
fixing different cladding panels, such as 
opaque cladding panels, but also photovoltaic 
modules or solar thermal panels. BHFS also 
allows the installation of air ducts and new 
windows, coherently with the existing layout 
of the façade openings. Each BHFS module is 
anchored on the concrete slabs and covers 
the existing building façade. 

 

2.3 EnergyMatching Solar 
Window Block 
 
H2020 4RinEU 
https://4rineu.eu/ 
 
https://mailchi.mp/e8b
818e68369/1st-
energymatching-
newsletter-1634169   
https://mailchi.mp/1dc
bc337caff/3rd-
energymatching-
newsletter    
https://mailchi.mp/ecc
6aac8c5ef/4th-update-
on-the-
energymatching-
project?e=[UNIQID]  

This solution consists of a prefabricated 
window insulating frame (timber and 
insulation) that integrates highly efficient 
window, automatic shading system, 
decentralized heat recovery ventilation 
machine and PV modules. The latter ones can 
be installed in different configurations 
(overhang, sill and vertical), thus providing 
flexibility in terms of design. The generated 
electricity by the PV module powers the 
ventilation device, consequently improving 
the indoor environmental quality without 
adding electrical loads to the building.  
The highly insulated window frame hosts the 
ventilation system and the suitable battery 
(accessible from the inside) as well as the 
electrical components required for an 
autonomous energy supply. Besides of 
improving the indoor comfort and enhancing 
the energy efficiency, the prefabricated Solar 
Window Block allows to reduce the 
installation time and error risks. 
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2.4 Multifunctional 
Fermacell panels 
 
H2020 P2Endure 
www.p2endure-
project.eu 

The Multifunctional Facade Panel is a 
prefabricated highly insulating panel – 
substructure wood – with a cementitious 
board on the outer and a gypsum fibre board 
on the inner face. The generic design is as 
follows: 12,5 – 15mm outer cement bonded 
render board stapled to the timber sections 
with 5 – 8mm thick mesh reinforced render on 
top and painted with ordinary façade paint. 
Substructure preferably wood, section 
dimensions depending on static requirements 
like wind loads and thermal requirements 
(thickness of insulation between timber 
studs), usually width of studs 45 – 60mm, 
depth 140 – 200mm. Insulation material can 
be stone wool or glass wool depending on fire 
requirements, specific density ranging from 
18kg/m³ (glass wool) to 40kg/m³ (stone 
wool).  Between inner cover and insulation a 
vapour barrier must be installed. The inner 
cover is made from a single layer of 12,5mm 
thick gypsum fibre board which is stapled to 
the timber sections. If the gypsum fibre board 
forms the visible surface which can be 
painted. If it is installed in front of an already 
existing wall, a 60mm thick soft glass wool 
insulation must be put between existing wall 
and Façade Panel in order to be able to offset 
tolerances. Either horizontally or vertically, 
timber battens must be connected to the 
backside wall (concrete or brick) and into 
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these battens the façade panels are screwed. 
The supply media (water, electricity, air, heat, 
cold) are facade integrated in accessible 
supply ducts using smart connectors. Heating 
and cooling units can either be facade 
integrated in each panel or been installed as 
one big central unit.   

 

2.5 MORE-CONNECT Prefab 
integrated panels for 
the Estonian pilot  
 
H2020 MORE-CONNECT 
www.more-connect.eu  

AS Matek designed, produced and assembled 
insulated timber frame elements (wall and 
roof) to renovate soviet time 5-storie 
apartment building into nZeb building. The 
main task was produce large ready finished 
external wall and weather proof roof 
elements.   
Prototypes of prefabricated elements was 
developed by Tal Tech and AS Matek. AS 
produced:  
∙ external wall element for 5-storie apartment 
building  
∙ external wall elements for ventilation 
chamber on roof  
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∙ roof elements for 5-storie apartment 
building  
Wall element construction (from inside): 
compensation mineral wool; vapour-barrier; 
timber frame 45x195+45x70, insulated with 
mineral wool; wind-barrier mineral wool 
board; vent. battens; facade Board.  
Roof element construction (from inside): OSB 
board; timber frame 45x195+45x145, 
insulated with mineral wool; underlayment; 
vented battens; plywood; 2xSBS  
Into wall and roof elements there was 
installed ventilation pipes in AS Mateks 
factory. Steel brackets were assembled under 
wall elements. Plastic windows were used.  
Special attention was needed to assembling 
insulation and make elements airtight. 
Before element technical design there were 
tested 4 main issues: 
1. How to fill element joints PU-foam (how 
PU-foam acts in different conditions)  
2. How to install and insulate ventilation pipes 
into external wall element  
3. How to connect ventilation pipes to each 
other between elements  
4. How to hang elements with steel bracket to 
existing building 
During the production 2 wall and 2 roof 
sensors were installed to monitor building 
when it is in use for. 
Further quality control check on:   
- Monitoring materials and certificates, 
including moisture in timber  
- Assembling material according manuals and 
project data  
- Transport package and identification 

  

2.6 BERTIM timber-based 
integrated and 
multifunctional prefab 
modules for deep 
renovation 
 
H2020 BERTIM 
http://www.bertim.eu  

BERTIM developed timber-based 
prefabricated modules for deep renovation, 
integrating windows and balconies, insulation 
materials, collective HVAC systems, 
renewable energy systems and energy supply 
systems. The BERTIM modular façade is based 
on self-supporting structures. Therefore, the 
load of the modules is not supported by the 
existing structure avoiding structural 
reinforcement needs and reducing 
installation time.  
 
A 3D installation module for community 
systems (ventilation with heat recovery, DHW 
with solar panels) is developed and the 
envelope includes a distribution system for 
ventilation air and domestic hot water for 
every dwelling in the building. The assembly 
system composed by smart connectors 
guarantees  
shorter installation time compared to 
traditional timber modules, ensuring low 
disturbance to the tenants.  
 The modular technology is combined with an 
innovative holistic renovation process 
methodology based on a digital workflow 
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from design to installation phase. A 
renovation project design tool integrating 
BIM with CAD/CAM tools and assuring the 
interoperability with machines for mass 
manufacturing processes is implemented in 
industrial settings to assure the efficiency of 
the process and cost-effectiveness. 

 
 
 
 

2.7 RENOLUTION 
www.renoluation.nl  

Renolution is an industrialized building 
system for new and renovation consisting of 
an insulated one steel frame building 
construction with facade finish to choice. 
Thanks to the stable, dimensionally stable 
materials the system is also ideal for 
earthquake-proof reinforcement. In the skin 
are one ventilation system and an air-to-
water heat pump integrated for a 
comfortable, healthy indoor climate. The 
ventilation system provides fresh air (heated) 
outside air and the heat pump provides in 
warm water and, if desired, additional 
heating. 

 

2.8 ZigZag solar 
https://zigzagsolar.com  

Zigzagsolar is the next generation energy-
harvesting architectural facade - with all the 
pros of both a PV-system and an architectural 
facade. Harvest energy in a future-proof and 
aesthetically pleasing design maintaining 
maximum freedom of design for architects. 
The façade is prefabricated with standard PV 
modules and can be applied on existing or 
new buildings 

Overall, most multi-functional façade solutions show a tendency to improve insulation values, which 
is a key aspect in deep energy renovation, in combination with installation components. From a 
circularity perspective, a number of solutions show a high potential, based on the material sources 
(recycled or biobased), reversibility (materials and components can be easily separated and reused or 
recycled), and prefabrication/standardization. However, the interconnection between different 
functionalities (insulation and installation) is a key aspect to improve circularity. 
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3.2.3 Roof solutions 
This category concerns the integrated solutions, i.e. roof elements with integration of PV or any other 
RES. 
  

No. Solution name 
(website link) 

Solution description Solution drawing 

3.1 MORE-CONNECT 
Prefab integrated PV 
roof for the Danish 
pilot  
 
H2020 MORE-
CONNECT 
www.more-
connect.eu 

Innogie has developed a roof consisting of 
solar cell panels. Innogie is a company 
specializing in innovative use of solar energy 
with special attention to power adequacy, 
design and profitability for the consumer. 
Within the More-Connect project Innogie has 
developed several prototypes of its Solar 
Energy Roof - in particular concerning 
methods of mounting and flashing details to 
create a customer and installer driven plug-
and-play solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.2 Roofit.solar 
https://roofit.solar/ 

Building-integrated solar panels 
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3.3 Solarstone 
https://solarstone.ee/
?lang=en 

Building-integrated solar panels 

 
3.4 Tejas Borja The solar flat 5xl ceramic roof tile includes an 

integrated PV panel helping to reduce 
1770kg/y of CO2. It is directed to façade and 
roofing projects. Valencia, spain 

 

3.5 BEAUSolar 
www.beausolar.eu 

Complete integrated PV roof solutions with 
all-black thin-film glass-glass modules. 

3.6 Q-roof 
www.q-roof.nl 

Heat recovery system from ceramique roof 
tiles. 

 
3.7 Solinso 

www.solinso.nl 
Integrated PV roof solutions based on roof tile 
sizing (fit for complete roof installations or 
partly). The solar roof tile fits perfectly 
between the roof tiles. The horizontal lines of 
the roof remain unaffected, as a result of 
which the austere appearance remains.  
The Mystiek solar roof tile has a high 
efficiency. The revenue is as high as from a 
standard black solar panel which is attached 
on top of the roof. 
Due to innovative design, the Mystiek product 
is considerably cheaper than comparable 
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building integrated products. The simple and 
quick assembly makes the Mystiek solar roof 
tile ideal for new construction and renovation 
projects. Sometimes Mystiek can be fitted 
into existing tiled roofs. 

 
Overall, roof solutions cover the improvement of insulation values, which is a key aspect in deep energy 
renovation, and / or placement of integrated RES systems. The overview presented is not meant to be 
complete, and in different platforms and national ecosystems similar solutions are presented (e.g. IE 
PVPS Task 15, BIPVNederland, BIPV alliance, etc). Throughout Europe these systems focus on electricity 
generation by means of PV systems, while a smaller portion focuses on heat generation with solar 
collectors, and even a smaller portion focuses on the combination of both PV and thermal heat (PVT). 
In general, the complexity increases (it is less complex to connect only energy cabling instead of heat 
piping as well) from PV to thermal to PVT. From a circularity perspective, PV systems as components 
show a high potential for circularity due to the reversibility and standardization of components (PV 
modules are highly standardized). However, materials and their circularity of PV systems is a key aspect 
for improvement.  
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3.2.4 Installations 
This category concerns the integrated solutions for building services, like integrated building services 
platforms (including heat/cold generation, DHW, storage, ventilation etc.) and integrated RES 
solutions. 
  

No. Solution name 
(website link) 

Solution description Solution drawing 

4.1 Comfort ceiling fan 
optimal operation 
 
H2020 4RinEU 
https://4rineu.eu/ 

Eurac elaborated an advanced control 
algorithm to manage the operation of a 
ceiling fan, with the aim of reducing the 
summer loads in a building and reducing the 
cooling consumption.   
Mechanical systems such as air conditioners 
provide comfortable conditions by decrease 
the temperature and relative humidity in the 
room. On the other hand, elevated air 
movement could be used to achieve the same 
level of comfortable by making the heat-
exchange process faster, and with a 
considerable reduction in energy 
consumption.   

4.2 Solarinvent´s HVAC 
Freescoo 
 
H2020 ZeroPlus 
http://www.zeroplus.
org/index.php/techno
logy/tum-robotic-lab 

Freescoo is an innovative compact solar air 
conditioning system designed for ventilation, 
cooling, dehumidification and heating of 
buildings in residential and tertiary sectors. 
Main feature of the system is compactness, 
since every component used for the 
operation is included in one casing. Solar heat 
is used to drive the cooling process for 
conditioning the space which the unit is 
connected with. 
The electricity needed to drive the system is 
very low and it can be fulfilled by an 
integrated solar PV panel. In the wintertime 
system can provide heat to the room when 
the sun is shining 

4.3 ANERDGY´s WindRail® 
C30 
 
H2020 ZeroPlus 
http://www.zeroplus.
org/index.php/techno
logy/tum-robotic-lab 

Windrail, combining solar and wind power in 
a single module, to be placed on buildings 
with a flat roof. The system performs better in 
densely build environments . An estimated 1 
in 100 buildings are suitable for this 
installation. The more modules are installed 
next to each other, the higher the yield per 
module. The C30-module can produce 
between 1500-3000 kWh year, depending on 
location 
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4.4 IDEA´s FAE HCPV 
 
H2020 ZeroPlus 
http://www.zeroplus.
org/index.php/techno
logy/tum-robotic-lab 

Solar CHP system for the combined 
production of heat and power based upon 
HCPV modules working at the high 
concentration level of 2000 suns. 

4.5 Intgerated ‚Emergy 
Module‘ or ‘House 
Engines‘ 
 
H2020 Rennovates 
(no website) 

A first generation of these engines have been 
developed and applied by BAM in a number of 
deep renovation projects. These presented 
solutions have shown good results during first 
years of operation in moderate climates. 
Typical components of modular HVAC unit 
are:  
- Heat exchanger for heating loop;  
- Hot water heat exchanger;  
- Local energy source (gas boiler, heat 

pump, connection to external energy 
sources);  

- Expansion tank;  
- Air handling unit including ventilation 

heat recovery;  
- In rarer case also cooling source. 
Also similar solutions have been developed by 
other companies, for example, by Volker 
Wessels and by Factory 0.  

Integrated ‘House Engine’, developed by BAM 

 
House Engine in portal next to front door 
developed by Volker Wessels 

4.6 CLIVET HVAC module 
H2020 ProGETonE 
www.progetone.eu 
 

Elfo-Pack is a stand alone system for nearly 
zero energy consumption single and multi 
houses. Uses air renewal ducts for heating, 
cooling, and summer dehumidification. 
 
Some of its main characteristics: 

 Renewal & Recirculation Air; 
 Free of charge Production of 

Domestic Hot Water; 
 Plug and Play Solution; 
 Smart and Compact Solution. 

Max air renewal 100m3/h for houses up to 
120m2. 
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4.7  
airzone 
 
 

Company focused on researching, developing, 
manufacturing and commercialization of 
comfort management and energy 
consumption rationalization systems. It is 
located in Málaga, Andalusia, although it 
delivers world wide. 

 

 
 

4.8 aquareturn 
 
 
 

This appliance avoids wasting domestic  hot 
water while waiting for its use. Has been 
awarded internationally. This company is 
based in Alicante, Spain.  

 
4.9 Passive shower 

 
 
 
https://passiveshowe
r.com/en/home/ 
 
 
 
 
 

It is a passive energy saving element with a 
static heat recovery unit, without moving 
elements, it does not need maintenance and 
it has the same useful life as the building. 
Quite simply, it is a system or technology that 
uses the heat from the waste hot water in the 
shower to increase the temperature of the 
incoming cold water. 
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5. Materials and miscellaneous solutions 
This category concerns circular products and solutions on material level or any other non-categorized 
circular solutions. There is no distinction made in solutions generated in H2020 projects or on national 
scale. 
  

No. Solution name 
(website link) 

Solution description Solution drawing 

5.1 Werrowool 
https://www.tselluvill
.ee/en 

Up to 85% of Werrowool cellulose insulation is 
made up of waste paper. Therefore it makes a 
significant contribution to recycling and the 
economic cycle. Werrowool cellulose insulation 
itself is recyclable – it can be collected from the 
structure of a house and reused as insulation. 
Werrowool cellulose insulation is manufactured 
in Estonia from primarily local waste paper. 
Therefore, the ecological footprint of the 
manufacturing process is smaller than that of 
several competing products. 

 
5.2 Arcwood 

http://www.arcwood.
ee/et/s%C3%B5rmj%
C3%A4tkatud-
konstruktsioonpuit 

The limited length of lumber and the large 
amount of wood waste generated in the 
construction industry have created the need for 
artificial continuation of wood. The common 
way to continue is finger joint. With the help of 
a finger joint, a homogeneous wood material is 
obtained along the entire length of the part. The 
length of the finger is usually between 10 and 
25 mm. 
Finger-jointed wood material is significantly 
more stable, straighter than continuous wood 
material, its strength properties are equal and it 
can be produced in the length and quality 
suitable for the customer in case of large 
projects. 

 
5.3 Wood fiber wind 

barrier board 
https://nordicfibrebo
ard.com/en/products
/isoplaat/wind-
barrier-board 

Wind barrier boards are attached to 
construction in direction of frame. 
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5.4 Floor soundproofing 
materials in recycled 
tyre 
(by ECOPNEUS)  
(https://www.ecopne
us.it/_public-
file/10.%20L_impiego
%20della-
gomma%20riciclata%
20in%20edilizia_1.pdf 
) 

End-of-Life Tyre Rubber (ELT), due to its intrinsic 
elasticity, is an excellent material from the point 
of view of limiting the transmission of noise and 
vibration in buildings. This product is based on 
the use of recycled rubber obtained through the 
recycling process of tyres which, in Italy, is 
carried out with the technology of mechanical 
crushing at room temperature: during this 
process by the ELTs the metal is separated or 
removed and the reinforcing textile fiber 
normally contained in the tire.  

 
5.5 Re-Con Zero Evo 

(by MAPEI) 
(https://cdnmedia.ma
pei.com/docs/librarie
sprovider2/products-
documents/6946_re-
conzeroevo_gbc4913
67679c562e49128ff0
1007028e9.pdf?sfvrsn
=9f7e9f3e_0) 

The product is a two-component powder 
product used to recover all “returned concrete” 
with Zero impact on the environment and Zero 
investment required for treatment plants. It is 
employed for Recovering all types of concrete 
returned to mixing plants (including concrete 
for shotcrete) at the end of each day or when 
sites are decommissioned. 

 
5.6 WINCER Ceramic tiles 

(by FINCIBEC) 
“WINCER - Waste 
synergy in the 
production of 
INnovative CERamic 
tiles" Contract No. 
ECO/13/630426 
(http://www.wincer-
project.eu/wincer-
results-at-month-18/) 
 

FINCIBEC’s industrial production of innovative 
and sustainable ceramic tiles (250×250 mm) 
containing 96% of secondary raw materials. 
These products fulfill the standard 
requirements, in particular EN 14411 (“Ceramic 
tiles: Definitions, classification, characteristics, 
evaluation of conformity and marking”) and 
belongs to class BIIb (water absorption 6 < E ≤ 
10%). 
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5.7 WINCER Ceramic tiles 
(by MARAZZI) 
(http://www.wincer-
project.eu/wincer-
results-at-month-24/) 

MARAZZI’s industrial production of innovative 
and sustainable ceramic tiles (300×600 mm) 
containing 85% of secondary raw materials. 
These products fulfill the standard 
requirements, in particular EN 14411 (“Ceramic 
tiles: Definitions, classification, characteristics, 
evaluation of conformity and marking”) and 
belongs to class BIa (water absorption E ≤  
0.5%). 

 
5.8 ISOVER EKOSOL N 4+ 

https://www.isover.it
/prodotti/isover-
ekosol-n-4 

Fiberglass insulating panel for indoor use. High 
recycled content declared by the manufacturer 
and EPD certified (LCA analysis). 

 
5.9 ISOVER X60 VN G3 

https://www.isover.it
/prodotti/isover-x60-
vn-g3 

Fiberglas insulation panel for outdoor use, 
specifically designed for ventilated envelopes. 
EPD certified (LCA analysis). 

 
5.10 MIRAGE porcelain 

stoneware 
https://www.mirage.i
t/en/porcelain-
stoneware/declaratio
n-of-performance/ 

Ceramic tiles for indoor and outdoor use. In the 
field of building envelope, ceramic is promoted 
and generally considered as a low-impact 
cladding product. EPD certified and 
manufacturers are providing LCA assessment. 

 
5.11 BUCHTAL extruded 

porcelain (klinker) 
https://facade.agrob-
buchtal.de/en/surfac
e-keratwin  
with HT surface 
treatment: 
https://facade.agrob-
buchtal.de/en/ht-
coating 

Ceramic extruded tiles designed for building 
envelope application. Equipped with HT 
external treatment which reduces maintenance 
to almost zero and has smog-reducing 
properties. They supplied material to a relevant 
quantity of projects LEED, DGNB and BREEAM 
certified. 

 
5.12 ALUCOVERING by 

ALIVA 
https://www.aliva.it/
claddings/extruded-
aluminium-
alucovering-reg_4/ 

Extruded aluminum cladding technology. 100% 
recyclable and up to >80% recycled aluminum 
alloy. 
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5.13 Recycled materials in 
the insulation of 
passive houses, doors 
and windows, white 
goods and ventilation 
systems 
https://www.kopur.si
/en/Products/Recycle
d-material-products  

Products made recycled polyurethane (PU) 
foam are suited as acoustic and thermal 
insulation core for door and window systems, 
wooden walls, wooden and prefabricated 
houses, as well as acoustic and thermal 
insulation elements in white goods and 
ventilation and extraction systems. 

 
https://www.kopur.si/en/Products/By-
application 

5.14 KO-green roof 
http://ko-
cerod.si/izdelek/ko-
green-zelena-streha/  

KO CEROD is public company for waste 
management. They make products from waste, 
like this one (green roof kit): cocoa fiber is 
obtained from wasted beds (yogi), substrate 
from their household bio waste composting 
facility and plants (sedum) they grow on site.  

 
http://ko-cerod.si/wp-
content/uploads/KOCEROD-letak-STREHA-
a3_full.png  

5.15 Outdoor wooden 
structures 
https://www.mizarstv
o-
kos.si/izdelki.php?lan
=en   

Various possibilities form wooden greenhouses, 
to garden and communal equipment  / 
furniture.  
As a possibility what to do with old wood 
extracted from renovation.  
 

 

5.16 Ultravent 32, KNAUF 
INSULATION SPAIN, 
link 
(considered for 
Spanish pilot) 

Mineral wool for ventilated facades, produced 
with ETechnology, no formaldehyde 

 
5.17 HONEXT, link High-end reclaimed material for circular living, 

all made from cellulose waste. 
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5.18 iPanel system by 
Verdtical, link 
(involved in Spanish 
pilot) 

An integral system for green walls with a proper 
big data based management system 

 
5.19 CONSPACE Prefabricated Bathrooms, facades, structures 

and kitchens. 

 
5.20 La casa por el tejado prefab homes on top of old (sometimes 

neglected) buildings 
 

 
5.21 SOLATUBE / Natural 

lighting system 
The Solatube Daylighting System captures light 
through a ceiling dome and channels it down 
through a proprietary internal reflective 
system. Minimun heat input or cold losses, as 
well as the elimination of harmful UV radiation. 
Average amortization of the investment of 5 
years. 

 
5.22 WICONA / Wicline 75 

top: aluminum 
window 

Recycled aluminum window (75% recycled 
materials) HYDRO CIRCAL, with Passive 
House and Cradle to Cradle Silver certified 
component. Unlike other solutions on the 
market, where to obtain high thermal 
performance, they use thicker profiles and 
/ or use insulating filler inserts, WICLINE 75 
TOP with a profile of only 75 mm deep, and 
with a combination of materials in the 
thermal bridge break zone, drastically 
reduces heat loss. 

       



                                                                                                                              
 

H2020 DRIVE 0_841850_WP2_D2.1                                                  49 
 

5.23 INTEWA  Rain/Greywater harvesting + storm water 
management 

5.24 RIUVERT Water Reuse 

 
5.25 Singular green 

 
https://www.singular
green.com/  
 

Ecologic green roof, green wall and swimming 
pool systems, company based in Alicante, Spain. 

 

 
 
  



4 Description of the Drive 0 products 

4.1 Scaffoldless façade from WEBO 
WEBO is a 30 years old family company with 100 employees and three production locations in Rijssen, 
the Netherlands. WEBO was a very active partner in H2020 project MORE-CONNECT and were 
responsible for: 
- the Dutch pilot in Presikhaaf, Arnhem (four apartment buildings) 
- developing the prefab facades for scaffoldless retrofitting with click and span connections 
- improving their production lines (blueprints); 
See also section 3.2, solution 1.8. 
WEBO develops and produces wooden doors, windows and frames, wood skeleton constructions and 
complete wooden, integrated facades systems for scaffoldless building and renovation. 
The mission of WEBO is to create a better environment in terms of safety, health, CSR, CO2 reduction 
and common sense and stewardship. From this vision, WEBO works on a continuous improvement of 
their products. The latest developments and innovations are: 
- scaffoldless building 
- BIM (also BIM controlled production lines) 
- Frameless elements (windows) 
- Wood-aluminum frames 
- Circular facades (to be further developed in DRIVE 0) 
- Circular windows 
Within DRIVE 0 the further steps to circularity will be explored, not only in terms of materials but also 
in terms of circular services. 
 

 
 
4.2 Integrated energy unit from Factory 0 
Factory Zero mission is to deliver integrated building components that enable the general contractors 
to become efficient and profitable solution providers for net zero new build homes and retrofits. 
Factory Zero as producers of prefabricated mechanical Installation systems have the target to reinvent 
the building industry by rethinking the installation concepts, currently applied in most of the Dutch 
Net-zero buildings. Therefor, Factory Zero started with the most crucial and complex component, a 
packaged HVAC system (integrated Climate and Energy Module iCEM) that replaces the installer as a 
subcontractor and guarantees the energy used for heating, ventilation and hot water and the energy 
generated by the solar panels.  
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iCEM Generation 1 has proven market demand and the business model, generation 2 will disrupt the 
market of the existing patchwork of not integrated HVAC products tuned for the mostly incompetent 
installer market.  
With their integrated energy modules or house engines, Factory 0 tries to overcome the following 
barriers in building services for residential buildings and renovation: 
- Too expensive  
- Too big  
- No monitoring of performances 
- No Guarantee  
- No building integration  
- Long installation time  
Currently Factory 0 has two modules, one as a standalone unit against a façade and one as an 
integrated roof unit. 
 

 
 
 

 
 
 
4.3 Façade and roof solutions from ALIVA 
ALIVA is a company that designs, supply (manufacturing by third parties on our specifications, 
assembly/prefabrication where needed made by Aliva directly) and install everything related to 
opaque envelope systems. In many markets we can operate with turn-key service from architectural 
design to on-site operations. 
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Despite Aliva is a small company we are working worldwide, they have currently companies and/or 
organizations in Italy, San Marino, UK, France, USA, Switzerland, Spain, Argentina plus dealers in 
Mexico, USA, Chile & Bolivia, Albania and we worked in many other countries. 
ALIVA uses almost every type of cladding material on the market (ceramic, natural stone, aluminum, 
steel and corten, glass, terracotta, expanded or perforated meshes, laminated panels…) and we 
recently introduced our own cladding panels (Alucovering, Ariacovering, Nexocovering). See 
https://www.aliva.it/en/prodotti_e_soluzioni.asp 
The ALIVA Ventilated Facade is a multi-layer protective system for the building envelope, constituted 
of a backing structure, continuous insulation, a light bearing structure, a ventilation chamber and a 
modular cladding with several options: 
 

 
 
4.4 Façade elements from TIMBECO 
Timbeco has 6 years of experience in full service of manufacturing and construction of custom-made 
prefab elements, element houses and modular buildings. These elements concern prefab façade, 
prefab roofs and prefab timber-frame houses. Their main markets are Estonia, Norway, Finland, 
Sweden, Switzerland and Japan.  
Within DRIVE 0 Timbeco is responsible for the design, product supply and execution of the Estonian 
pilot, including building services and ventilation as well. The entire prefab project is executed using 3D 
design, which makes it possible to use references such as point cloud from laser scanning, architectural 
project and technical projects of special parts. 
For the pilot Timbeco can take out: 

• Specifications of materials. 
• Production files for CNC machine. 
• Manufacturing drawings for the assembly. 
• Installing drawings to the building site. 

In cooperation with TalTech Timbeco produced and installed test elements for the Estonian pilot. The 
goal was to test the developed solutions and to show owners how the building will look like after the 
renovation. TalTech has incorporated its monitoring solution into the elements, which will be 
introduced in later presentations. The test elements help to understand better with solutions are 
already working and to map the areas that still need to be developed. 
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Timbeco sees following challenges within DRIVE 0: 
Timbeco has simplified solutions for details and checked their performance on test element. In next 
stage they need to customize the solution in the way it could be used without taking account exact 
solution of excisting construction. This will allow results of the project to be transferred to a much 
wider range of possible objects. At the same time makes it easier to make optimised budget for 
different houses. Another challenge is to ensure safety throughout the assembly period. Given the fact 
that there will be many element lifts and at the same there is limited space. The residents of the house 
will remain living there during renovation and need to access to their homes, so closing all area is not 
possible. Additionally, there is a kindergarden on the two sides of the pilot project. 
 

4.5 KNAUF Ecose solution 
Knauf is a family owned international company, established in 1932. They are an international 
producer of building materials and solutions. At first it were only primarily gypsum-based materials. 
Today they are a provider of a diverse range of building materials and solutions for all kinds of buildings 
across the world with as main fields: 
- Drywall solutions and renders 
- Insulation solutions 
- Casts 
Knauf has more than 26.500 employees around the world with more than 22 production facilities in 
over 70 countries. This makes it interesting to operate also together in DRIVE 0 in the other pilot 
countries. Within DRIVE 0 Knauf will focus on monitoring of solutions of complete energy renovated 
single-family houses, insulated by recyclable mineral wool with the innovative bio-based binder Ecose.  
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5 Circularity assessment of the Drive 0 solutions 
 
Based on the descriptions of the DRIVE 0 products and solutions and the discussions during the 
Technology Workshop, 28 – 29 January in Ljubljana, a first assessment was done in relation to the 
circularity potential and ambitions. All industries have quite different solutions and approaches.  
In some cases, solutions are specifically developed for the demonstration cases while in some other 
cases the products are directly designed for the market. Moreover, some industries consider the 
developments on an integrated product level while others are more focusing on a component level. 
As discussed during the technology workshop, a first rough assessment was made of the current 
circularity level and the circularity potential. Also an estimation is done to which extend the ambitions 
towards circularity are clear. 
 

Industry Designed  
1-1 for 
demo 

Designed 
for market 

Integrated 
product 
level 

Component 
level 

Circularity 
ambition 
clear 

Current 
circularity 
level  

Circularity 
potential 

WEBO -/X  X X X yes 2 3 
Factory 0 - X X - partly 2 2 - 3 
ALIVA X - - X limited 1 2 
TIMBECO X X  X - limited 2 3 
Knauf SI X X - (not yet) X partly  

(now 
limited to 
product) 

2 2 – 3 (as 
integrated 
element) 

 
1 = low 
2 = medium 
3 = high 

Some considerations for circular technology developments in DRIVE 0 
Some industries, producing prefab elements (LIKE WEBO and TIMBECO) addressed the issues of 
revising/rethinking of the layers in in prefab facade elements, e.g. avoiding so called redundant layers. 
This should lead to a redesign of elements with combining typical properties of the layers, for example 
building physical and/or constructions. Common research and development can be done on it by the 
DRIVE 0 technical partners as a service to be offered to all industries; see also Design for Dissasembly 
guidelines (linked to the Task 6.1 knowledge).  

 
In (most of) the demonstrators also renovation of the building services will takes place. Within the 
consortium only Factory 0 offers an integrated solution for prefab energy modules, combining 
generation (heat, optional cold), storage, ventilation, but not the distribution and emission systems. 
Factory 0 focuses on circularity steps for the engine, not the total building services to be renovated. 
Additional issues that could be considered as well in terms of circularity are: 
• Central versus decentral systems 
• Medium to be used (hydronic, air, all-electric, mix/hybrid)  
• Emission systems versus required temperature level. For example with low temperature heating: 

floor heating versus enlarged radiators. Both options have circularity constraints.   
For all the pilots modular integration of building services (e.g. pnp systems, flexible layouts) should be 
taken into account to ensure flexibility ; this is also linked to the the tasks 2.5 and 3.1. 
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Some considerations for institutional barriers identified by the DRIVE 0 industries 
Most of the industries mentioned that many of the proposed circular solutions face several barriers: 
• Legal barriers, building regulations 
• Product regulations, certifications, guarantees 
• Trust of clients 
In order not to delay the circular product developments in DRIVE 0 a distinction could be made 
between: 
• Product development: how far can the industries go towards circularity, not being hampered by 

any legal barriers and product certification;  
• Making ‘proof of principles’ 
• Application in demonstrators; here following issues should be considered:  

• Compliance with standards and regulations 
• Compliance with quality standards of clients and building owners 
• Application of reversible and demountable solutions, only for testing and to be replaced  

afterwards by more traditional solutions (i.e. complying with standards and regulations) 
In any case, all barriers and legal constraints should be monitored and reported to EASME and if 
possible on national level (e.g. in the Netherlands ‘de Bouwagenda’, asking and allowing circular 
experiments). This includes: 
• A definition and inventory of barriers encountered 
• The possible solutions how to solve, proposed by the DRIVE 0 consortium  
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6 Reflections 
 
The first generation of H2020 projects on deep renovation delivered a wealth of products and 
solutions, mainly focussing on prefabricated renovation elements. An inventory was made of a number 
of these products and solutions and their portential for a further devlopment towards circularity. Quite 
some solutions, especially the ones based on timber-frame constructions, have already a potential 
circularity, and are suitable for circular applications as they are modular with demountable connectors 
allowing easy plug and play installing. Examples are the solutions from the BERTIM project and the 
products of the industries in the MORE-CONNECT project (MATEK, REF, ZTC, RD Rymarov). 
 
Also, a typical development in the first generation of H2020 projects was the development of 
integrated façade elements, i.e. façade elements with the integration of one or more other functions 
like energy production or building services (ducts, ventilation systems, heating, etc.). One of the main 
drivers for these developments was the aim to develop solutions that are less intrusive for occupants, 
avoiding for example renovation of ducts and piping or installing new ventilation systems in the 
dwelling itself. Successful solutions were developed in several projects (like MORE-CONNECT, BERTIM, 
4RinEU, see section 3.2.2) including smart connectors for easy plug & play installing. 
 
However, despite all these advantages, towards circularity all these solutions are again to be reviewed, 
especially in relation to the way how they are layered, independent and reversible as shown in the 
figure below. Pace-layering is an adaptive design concept that organises building components with a 
different durability in separate layers. In this way, installations are easily accessible for maintenance 
and replacement. Because the construction is separate from the building structure, façade elements 
are demountable and reusable. It becomes clear that during their life cycle many interventions might 
be done to increase the circularity of buildings. During the design process, it is therefore important to 
look at layers’ lifetimes.  
 

 
 
Figure 6.1 Types of pace-layering 
 
Also the combination with circular super insulation materials (as developed in the VEEP project) could 
be considered, in order to avoid thermal bridges and the weak points, i.e. specific parts with ducts, 
pipes or other elements. Within Task 2.6 where details detachability is assessed, also airtightness-
building physics assessment is to be done in order to assess cuh demountable connections airtightness. 
Concerning the development of integrated platforms for building services, also called energy modules 
or house engines, there is a big need for these products as the current way of installing, especially in 
renovation projects is too expensive, consumes a lot of space as also instalment of the units istoo 
complex and time consuming, hence, being very intrusive for occupants. Moreover, there is no 
monitoring and no clear guarantees on performances. Nevertheless, from the inventory it appears that 
only in the Dutch market a strong development of integrated energy modules or house engines took 
place (see 4.2 and 3.2, solution 4.5). Maybe this is due to the fact that the Dutch housing stock is largely 
standardized with repetitive architecture and morphology which make the application of these 
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standardized units much easier. The application of similar engines in other European countries is done 
as part of Task 2.5.When it comes to the materials efficiency it should be noted that these units are 
mostly made of materials coming from technological production processes which are more energy 
intensive from life cycle perspective (high embodied energy). Therefore for such products, materials 
passports (/bill of material/materials circularity index) as also design for disassembly principles are of 
importance to ensure EoL strategies:  repairs, replacement, renovations, reuse, recycling. It is clear 
that the steps towards circularity are more difficult and challenging with such a product than for 
example with façade elements (especially for the core elements). In terms of reversibility, reassembly 
and modularity there are more possibilities to improve the circularity. An interesting circular 
combination can be found in circular business models for energy units, i.e., not selling units but selling 
or leasing performances like good thermal comfort and indoor air quality where the producer remains 
responsible for the quality of a service and product remains in producer’s ownership Its is important 
that these engines are accessible as manageable components simplify building adaptations and 
increase the feasibility of take-back programs and return logistics. 
 
BIPV products, energy roofs and other RES solutions in relation to circularity should be addressed 
three-fold. Firstly, from a business perspective the (BI)PV market is fast growing market with a high 
level of certainty of replacement (RES in the built environment is a necessity and PV installations have 
an estimated life-span of 20-30 years). Business models such as PASE or leasing can be quite easily 
applied. Secondly, the(BI) PV components are based on standardized components and elements, 
making Design for Disassembly integration low hanging fruit, but should be well embedded in the 
design and realization process (e.g. covering cabling and inverters, too). Lastly, materials and their 
circularity of PV systems is a key aspect for improvement and worldwide under investigation.  
 
Considering the DRIVE 0 industries, it appears that their products, solutions, developments and 
ambitions towards circularity, have quite different solutions and approaches. In some cases, solutions 
are specifically developed for the demonstration cases while in some other cases the products are 
directly designed for the market. Moreover, some industries consider the developments on an 
integrated product level while others are more focusing on a component level. For ALIVA, WEBO as 
Timbeco’s prefabricated solutions, it is important to assess these products materials impact and flows. 
As ALIVA is using products with high EE (aluminium), it is important that this products are designed 
with design for disassembly principles to ensure endless cycles. As with WEBO and Timbeco’s products 
that already use biobased materials, it is important to assess design for change concepts in which the 
actions are observed both by object (interfaces, sub-components, composition) and by scale (element, 
building, neighbourhood), according to the holistic approach adopted. The design guideline ‘fast’ 
focuses on the quick and easy assembly and disassembly of building components (eg. due to few and  
accessible connections). Also some industries (WEBO, Factory 0) are considering business models 
where their products and solutions are offered on the market as services. Yet, offering products as a 
service, especially for building envelope elements, is often hampered by legal barriers in relation to 
building regulations. This is further discussed in the framework of work package 5 Consumer centred 
Business models and Financing (tasks 5.1 and 5.2). 
 
Finally, as a recommendation, a holistic ‘circular preference diagram’ can be developed for circular 
deep renovation, guiding to favorable concepts to come towards the most suitable products and how 
improve these to become (‘more’) circular. This is linked with work package 3: Circular Process and 
Production development (T3.1 and T3.2, ZUYD) where these products and technologies can be 
integrated within the morphological (circular) design approach (‘matrix’) that has been reported in 
D3.1: Guidelines for a morphological design approach for circular renovation. 
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7  Conclusions 
 
In the framework of task 2.1 ‘Inventory and assessment available product and technology 
developments and benchmarking’ about 22 products from H2020 projects and 49 national products in 
the DRIVE 0 countries have been reviewed and assessed on their potential towards a further circular 
development.  
The majority of these products (about 60) have a certain potential to be further developed or 
redeveloped to circulair products. Despite the fact that the market is still running mostly within non-
circular business models, this does not mean we cannot change. Sustainable, circular design solutions 
are the basis for circular business transitions. Despite seeing circular built environment as extremely 
complex area to address, we can start with relatively cost-efficient easy measures (i.e. technological 
interventions), which can already double the current circularity levels. 
 
Considering the input from task 2.1 and 2.2 (condensed in this report D2.1) for the circularity 
developments within DRIVE 0 following conclusions can be made.  
The circular developments within DRIVE 0 take place along two tracks which build upon the outcomes 
as described in this report: 

1. One important track is the product development by the industries working in DRIVE 0 (WEBO, 
Factory 0, Aliva, Timbeco and Knauf). This track can be devided in two sub-tracks: 

a. Circular product development specifically for solutions to be applied and tested in the 
demonstrators. 

b. The development of a general (fullly) circular product line for further market uptake. 
2. The other track is the general development of circular products and solutions within the 

project itself in terms of guidance and all the supporting work. More specically, this report 
D2.1 is the basis for the tasks 2.3 to 2.6 in work package 2. 

 
This report gives following specific input for the tasks 2.3 to 2.6: 
 
Task 2.3 Development of circular prefab 2D building envelope elements: 
The most significant projects for input for T2.3 were MORE-CONNECT, 4RinEU and, to a lesser extent, 
BERTIM (no direct input provided by the project). Especially partners WEBO and Timbeco are 
developing circular facades, as a step further to the previous H2020 projects.  
 
Task 2.4 Development of circular prefab 3D elements: 
The most significant projects for input for T2.4 was the ABRACADABRA project. Task 2.4 provides input 
for both Task 3.3 Holistic Concept development for the demonstration cases as for the demonstrators 
focusing on 3D elelments (Ireland, Spain, Netherlands and Estonia). However, none of the DRIVE 0 
industries is developing a circular 3D prouct line. 
 
Task 2.5 Development of circular modular prefab building services platforms: 
Although there were quite some developments in prefab platforms for building services (see 3.2.4), 
none of the products and solutions were as advanced as the current product line of Factory 0 (only the 
products from Rennovate are comparable and developed around the same time within the Dutch 
Energiesprong). Also more recent developments in projects like INFINITE are at the moment still less 
advanced.  
 
Task 2.6 Development of smart building and installation details for mounting and de-mounting:  
The most important source for this task is MORE-CONNECT, D2.4 Smart Connectors. During the 
development of circular prefab facades in combination with new budiness models, i.e. offering facades 
as a service, installation details for mounting and de-mounting are very important, also in relation to 
solving some legal and regulatory barries (i.e. if a facades is a so called ‘building-fixed element’ or not). 
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