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Summary 
 

The Drive 0 project aims to develop a circular approach for the deep-renovation of dwellings across Europe. 
Prefabricated 2D building envelope elements are key to speed up the European Renovation Wave. As its 
core functionality, 2D elements prevent heat loss from the building and consist of substantial quantities of 
building materials. Connecting prefabricated 2D elements to a building reflects a potential stream of waste 
if applied in a linear way with severe negative environmental impact in terms of natural resource depletion 
and the exposure of pollutants.  

The main goal of this report is to showcase a series of circular prefabricated 2D building envelope elements 
with an improved level of circularity and energy efficiency compared to existing renovation solutions. The 
development of circular prefabricated 2D building envelope elements followed a three step approach. Firstly 
an inventory of existing 2D elements was conducted, leading to the selection of 5 different 2D building 
envelope elements applied in different contexts across the EU.  Subsequently the circular development 
ambitions per 2D building envelope typology were determined. Because of contextual differences between 
EU countries there are also some differences in ambition level between the selected 2D elements. The 
second stage consists of developing 2D building envelope elements following various circular design 
strategies. During the third and final stage the level of circular improvement was assessed based on pre-
selected indicators of which embodied energy, embodied carbon and design for disassembly are most 
prominent. For most of the innovated 2D building envelope elements a mock-up have been constructed to 
showcase the innovated elements. 
 
As a key outcome five most different circular 2D building envelope elements were developed: 
 

1) The development of the Dutch 2D building envelopment element  is based on three strategies: 
urban mining (one cycle re-use), design for disassembly (multicycle re-use) and biomimicry (lower 
sun impact). Parallel to the optimized design of the currently applied timber frame elements a 
ventilated façade element consisting of local mined materials was developed. The outcome is a 
façade element that lowered 56% of the embodied energy and 49% embodied carbon and scores 
14% higher on technical reversibility focused on end of life scenario (element level) and 15% higher 
on technical reversibility (material level) in comparing tot the baseline façade element. 

 
2) The development of the Estonian 2D element is based on the following three strategies: urban 

mining (one cycle re-use), design for disassembly (multicycle re-use) and eco design. The 
development of a more circular 2D element centered around materials with low embodied energy 
and embodied carbon that are factory friendly and could be used in mass production. Secondly, 
the disassembly possibilities of the whole façade element and individual components of the façade 
element was taken into account. Relative to the baseline, a 2D façade element was developed with 
a 19% reduction in  embodied energy and 52% embodied carbon consumption respectively. The 
innovated 2D façade element entails an equivalent score on technical reversibility and a 6% 
improvement on technical reversibility (material level) in comparison to the baseline. 

 
3) The developments in Italy are based on two strategies: urban mining (one cycle re-use) and design 

for disassembly (multicycle re-use). A prefabricated opaque façade solution has been developed 
suitable for both deep renovation and architectural refurbishing. The key circularity indicator taken 
into account was the re-use of materials able to be processed in automated manufacturing 
processes. The innovated 2D building envelope element entails an equivalent score on technical 
reversibility focused on an end of life scenario (element level) and a 2% improvement on technical 
reversibility (material level) compared to the baseline. 
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4) The development in Ireland is based on three strategies: urban mining (one cycle re-use), design 
for disassembly (multicycle re-use) and eco design. Three innovation strategies were applied. 
Firstly, material reduction of structural and non-structural steel contents within the panel 
connections and framing. Secondly, by maximizing the extent of bio-based materials to reduce the 
embodied energy consumption. Thirdly, off-site assembly of all components with reversibility 
aiming at multi-cycle circular solutions of building materials and components. Compared to the 
traditional applied external wall insulation system with rendering the embodied energy of the 
innovated prefabricated 2D building envelope element increases with 19% and  embodied carbon 
increased even with 256%. However the 2D element scores 100% higher on technical reversibility 
focused on end of life scenario (element level) and increase 49% on technical reversibility (material 
level) in comparing to the baseline 

 
5) The development of a 2D façade system for the Spanish market of refurbishing ‘medianera’s’ is 

based on three strategies: urban mining (one cycle re-use), design for disassembly (multicycle re-
use) and eco design. For the Spanish system a modular design strategy was followed. The 2D façade 
system consists of a modular set up of three different type of combining three different façade 
systems: PV panels, opaque cladding and green façade panels. For the integration of PV it was 
taken into account that single PV panels can substituted when broken maximizing the operational 
life-cycle of the entire system. Also, PV panels were selected which are easy to repair with a high 
potential of re-use after its first cycle application in the ‘medianera’. Assessing the design for 
disassembly it was concluded that the innovated 2D façade system scores 0,93 on technical 
reversibility (element level) and 0,97 on technical reversibility (material level). 

 
Despite none of the innovated prefabricated 2D building envelope elements are yet considered 100% 
circular, the development of the five 2D elements showcases that the environmental impact can be 
substantial reduced following a well-structured and dedicated innovation process. The reduction of the 
environmental impact is indicated by lower quantities of embodied carbon and an improved design for 
disassembly reflecting a higher re-use potential of building materials and components. Future research and 
development should focus on alternative designs to advance the development of circular deep-renovation 
technologies. 
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1 Introduction 
 
Buildings are responsible for up to 40% of Operational Energy (OE) consumption in the European Union (EU) 
[1], and more than 60% of this energy comes out of fossil fuels, with a collateral alarming carbon emission 
rate [2]. OE can be defined as the energy required to maintain comfort conditions and for primary energy 
consumption such as lighting and heating and cooling systems [3]. Therefore, to lower OE consumption as a 
path to reduce carbon emissions, policies and developments are underway to achieve a nearly Zero Energy 
Building (nZEB). A nZEB is a building with high energy performance, in which the meagre amount of energy 
required is covered by energy generation from renewable sources on-site or nearby. Essentially, this target 
can be achieved by reducing the building's energy consumption and boosting the integration of renewable 
energy sources, such as solar panels [4][5][6]. 
 
Regarding the energy consumption reduction many affairs in the building could be taken into account. 
Facades, for instance, are an essential factor in regulating and controlling energy consumption as most of the 
heat and light transfer perform through them. The addition of insulation throughout the façade shows to be 
efficient towards energy reduction and it is commonly adopted [7]. In this context, many studies have been 
conducted related to energy-efficient buildings' facades [8]–[16]. However, those studies barely cover the 
energy expending attributed to the building's manufacturing, demolition, and disposal phase. It has been 
claimed that 50% of all extracted materials are attributed to buildings nowadays [17], and according to the 
official website of the European Commission (EC), the construction waste accounts for 25% to 30% of all 
waste generated in the EU, with its collateral Embodied Energy (EE) [18]. EE consists of a mechanism to 
assess resource consumption and generated waste as a part of the complete circular assessment. It can be 
defined as the energy required in buildings and buildings' materials during their phases of manufacturing, 
construction, final demolition, and disposal [19]. 
 
The Life Cycle Energy Performance (LCEP) consists of accounting all the EE and OE inputs of a building 
throughout its life span. Therefore, it enables to formulate strategies to reduce the primary energy use of the 
building and control emissions, allowing EE and OE to be evaluated at the same scale [20]. In this sense, to 
attain a more sustainable building performance, the LCEP should be as low as possible, which means that 
the attention should address both EE and OE. In face of the entire scenario, terms such as building 
sustainably, circular economy, carbon footprint and energy efficiency are incessantly getting the attention 
of academics, politicians, clients and managers. As an example of this, the EC set up a long-term circular 
economy plan: the construction sector will be fully circular by 2050, and the intermediate goal is to have a 
50% circular economy by 2030 [21]. Nevertheless, 85 to 95% of the existing buildings will remain standing by 
2050, accordingly to the EC. It means that to achieve the mentioned goals, it is not only necessary to focus 
on the new buildings, but also on renovating existent ones. Accordingly, the Renovation Wave is a strategy 
set up by the EC in 2020 to double renovation rates in the next ten years and ensure higher energy and 
resource efficiency within the EU [22]. Therefore, the Drive 0 project is in line with the goals of the 
Renovation Wave to achieve the European plan using circular strategies and buildings' energy efficiency 
improvements. In this way, the project aims to develop a deep circular approach for the renovation of 
dwellings, counting on various demonstration sites across the EU. One of the main aims of the project is to 
develop a series of circular prefabricated 2D building envelope elements up to a Technological Readiness 
Level of 8-9.  
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Firstly an inventory of existing 2D elements was conducted, leading to the selection of 5 different 2D building 
envelope elements applied in 5 different demonstration projects across the EU (Estonia, Ireland, Italy, Spain 
and, The Netherlands)1. Subsequently the circular development ambitions per 2D building envelope 
typology were determined. Because of contextual differences between EU countries there are also some 
differences in ambition level between the selected 2D elements. The second stage consists of developing 2D 
building envelope elements following various circular design strategies. During the third and final stage the 
level of circular improvement was assessed based on pre-selected indicators of which embodied energy, 
embodied carbon and design for disassembly are most prominent. The circularity indicators, the key 
performance indicators taken into account and the methods to assess the selected key performance are 
documented in separate reports2. For most of the innovated 2D building envelope elements a mock-up have 
been constructed to showcase the innovated elements. 
 

  

                                                           
1 Note that two more demonstration projects will be completed in the Drive 0 project, however, within these demonstrators in 
Greece and Slovenia prefabricated 2D building envelope elements are not applied as a deep-renovation technology. 
2 Including: Report on the assessment available product and technology developments, benchmarking and selection of most 

favourable and most potential solutions; Report on a set of smart building and installation details for mounting and de-mounting, 
and; Report on benchmarking on circularity and its potentials on the demo sites 
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2 Inventory of existing products 
 
As a starting point, the baseline was set for the 5 2D building envelope elements being considered for circular 
innovation, see figure 2.1 for an overview. In the following sections, the individual 2D façade systems are 
discussed in more detail. Consequently, in chapter 3 the circular designs are presented and assessed. 

 
Figure 2.1 Current market solutions of the different countries in the EU. 

 

 WEBO (The Netherlands) 
WEBO, a Dutch timber manufacturer, produces Structural Insulated Panels (SIPS) which can be applied both 
in new built as in deep-renovation projects. Since the application of the first generation 2016, the SIPS panels 
have been optimized: the EPS on which the brick slips are glued is replaced by battens and cement-fiber 
board (see figures 2.2-2.4). This has some advantages with respect to: 

 Guarantee on wind- and waterproofing in the long term in case of mechanical damage 

 Improved fire safety 

 Improved production efficiency by automated production through simplification of the design 
 

 
Figure 2.2 Baseline set-up of the Structural Insulated Panels produced by WEBO 

IRISH  Vision Built   WEBO NL   TIMBECO Built (EST)   Medianera Wall  ES  ALIVA (IT) 
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Figure 2.3 Schematic design of the basic module  developed by WEBO 

 
Figure 2.4 On-site installation of Structural Insulated Panels produced by WEBO (Presikhaaf, Arhnem) 
 

As a next step is to innovate the baseline SIPS elements produced to lower the environmental impact in 
terms of embodied carbon exposure and material consumption. To innovate the baseline SIPS elements 
for design strategies will be applied, see table 2.1: 

1. Embodied energy and embodied carbon guided design 
2. Biomimicry, i.e. nature-inspired re-design of the SIPS elements to optimize its performance with 

reduced application of resources  
3. Urban mining and integrating mined materials in the design of SIPS elements 
4. Design for disassembly to improve the re-use potential of the SIPS elements and the materials 

applied. 
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Table 2.1 Ambition Level Netherlands 
Façade 
concept 

Baseline  benchmark Innovation | intended technology 
development 

Circular 
KPI’s 
(D2.1) 

Assessme 
nt 
method 
(D6.1) 

Concepts and design 
methodologies 
applied 

Expected output 

WEBO-system Current WEBO façade modules and renovation Re-design of façade modules: 3-6; yes  EE & ECO2 
guided design 

 Biomimicry 
 Design for 

Disassembly 
 Urban Mining 

- Development and 
assessment of at least 3 
concepts. 

- Mock-up of the façade 

elements. 
- Implementation within 

demonstration project. 
(If achievable) 

- Benchmark 
(old versus new.) 
- A series of technical 
drawings, calculations, 
certificates and detailing 
of the façade elements 
(BIM). (connection with 
task 2.6). 
- Report of the findings of 

the assessed 
elements/demonstrator. 

 
- Showcase for 
stakeholders (e.g. short 
movies / photo gallery of 
realized demonstrator 
solutions.) 

(NL) concepts. (complete façade removal + 
replacement by new elements) 

8-10  
Innovators:     WEBO; ZUYD;  Focus on 4 elements   ISSO; KNAUF/  • Insulation.   IRI UL  • Main timber structure.   
  • Window framing.   
  • Outer façade finish.   

 

  TIMBECO (Estonia) 
Also Timbeco offers SIPS panels to the market (see figures 2.5-2.7). Focus of innovating the 2D building 
elements was on increasing the use of bio-based or remanufactured materials. The existing product was 
timber frame-based insulation system with mineral wool insulation and façade cladding. One goal of the 
research was to find materials with low embodied energy and embodied carbon and could be used in mass 
production. Second goal was to think through the disassembly possibilities of the whole façade element and 
individual components of the façade element. 
 
Table 2.2 Ambition level Estonia.
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Figure 2.5  TIMBECO façade element and basement wall connection.
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Figure 2.6 TIMBECO façade element and window connection. 

 

 

Figure 2.7 TIMBECO façade element and roof connection. 
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 ALIVA (Italy) 
The goal of the Italian Team, guided by the industrial partner ALIVA, was to develop a prefabricated opaque 
façade solution suitable for building deep renovation and architectural refurbishing. This façade system 
(which was designed for disassembly) will need to be installed on external existing building walls and will 
therefore be adaptable to most of the European existing building stock, including small houses or buildings 
built with traditional techniques. Its infinite customization capabilities, in terms of architectural finishes, will 
be appealing for designers and owners who are willing to deeply renovate their buildings both from energy 
performances and architectural appearance. 
 
Table 2.3 Ambition level Italy

 

 Vision Built (Ireland) 
The Irish team aimed at developing a façade element that is more circular than the Vision Built standard 
panel system intended for new build inner leaf only, and repurposing as a closed panel finished system 
applicable to the renovation market. To achieve this goal the main question for the product development 
was how the circularity of the facade system could be improved in terms of embodied energy, embodied 
carbon and design for disassembly. To develop this improvement, the study was based on three strategies: 
firstly, by reducing structural and non-structural steel contents within the panel connection and framing; 
secondly, by maximizing the extent of bio-based materials in lieu of foam insulations to reduce the EE 
consumption; and thirdly, off-site assembly of all components with reversibility aiming at multi-cycle circular 
solutions of building materials and components. 
. 
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Table 2.1 Ambition level Ireland.

 

The Irish 2D and 3D system is being developed from an existing light gauge steel framing construction system 
which is typically insulated with conventional quilt and plastic insulation board and finished with traditional 
brick or block outer leaves or rendered cement boards. The manufacturer Vision Built, mainly provide 
unfinished structural wall, floors and roofs but also has experience in the manufacture of 3D pre-assembled 
pods rooms or small buildings but generally unfinished internally. 
 

 
Figure 2.8. Vision Built conventional light gauge steel frame construction system as a basis for adaption. 

 

 Medianera (Spain) 
The development of a 2D façade system for the Spanish market is focused on refurbishing ‘medianera’s’, 
see figure 2.9. The selected medianera is part of a five-story building at the edge of an industrial and 
residential area. The selected office building, located Barcelona, was built in 1990s as a reinforced concrete 
construction system. The load bearing structure of the building is reinforced concrete system with solid brick 
infill. The building has 1 ground floor and 4 upper floors in total: the height is 27 m, the length is 45 m and 
the width is 24 m. The existing facade wall on which the new circular facade system will be applied is the 
southwestern facade of the building, consisting of 50 cm thickness of masonry wall (brick cladding with 
mortar). 

The key strategy applied to develop a façade system composed of 2D elements is based on three circularity 
strategies: urban mining (one cycle re-use), design for disassembly (multicycle re-use) and eco design. For 
the design of the façade system a modular design approach was followed. The 2D façade system consists 
of a modular set up of three different type of combining three different façade systems: PV panels, opaque 
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cladding and green façade panels. For the integration of PV it was taken into account that single PV panels 
can substituted when broken maximizing the operational life-cycle of the entire system. Also, PV panels 
were selected which are easy to repair with a high potential of re-use after its first cycle application in the 
‘medianera’. 

 
Table 2.2 Ambition level Spain.

 

 

Figure 2.9 The new location of the Spanish pilot project. 
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3 Circular product development 
 
In this chapter, the circular 2D façade elements are presented and gives a deeper insight in methodology 
and strategies which has been used in different countries. Because of the difference of ambition level , there 
is also a difference in the scope of reporting between the different countries. 
 

 WEBO 
 

3.1.1 Methodology 
The applied methodology consists of literature review, comparative analysis and mock-up tests. Three 
different phases of renovation will be analyzed and compared: a. The existing situation, b. The addition of a 
standard insulation covered with a non-ventilated facade, and c. The addition of urban mined insulation 
materials and biomimicry second skin facade. In the mock-up, the results of this comparative analysis will be 
validated. Biomimicry is one of those. It consists of “Learning from and mimicking the strategies found in 
nature to solve human design challenges” (Biomimicry Institute), even though it is important to highlight that 
biomimetic strategy are not necessarily sustainable. Hence, combining renewable strategies and inspiration 
from nature is a key potential to lower the buildings’ OE. Moreover, when it comes to reduce the EE in a 
construction, another strategy to highlight is the “urban mining”. This term represents the process of reusing 
and recovering the waste materials from urban areas. It is based on the fact that most of the materials which 
are incorporated into cities (mainly buildings and infrastructure) are sent to landfill, incinerated or down 
cycled into products of much lower value in the end of its lifespan [23]. 
 

 

 
Figure 3.1 Research model, based on 3 strategies 

3.1.2 Design approach 
The design approach of the circular 2D façade elements as shown in Figure 3.2, gives an insight in the order 
of work and the way of conferencing towards a situation-oriented solution. In developing more circular 
variants of the WEBO standard, the ambition level during the design process was relatively high. Based on 
the bio mimicry strategy, solutions were sought for controlling the indoor climate in both summer and 
winter. These choices directly influenced material choices. On the other hand, the possibilities of reusing local 
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materials also directly influenced possible effects from biomimicry. By continuously testing variants on both 
strategies, the most realistic variants remained. More and more focus was also applied and the level of 
ambition was adjusted until only the essentials remained. Out of innovation perspective (bio mimicry 
strategy) this means that the focus remained on keeping the warmth outside under high sun influence during 
summertime. Out of Urban mining strategy, choices based on bio mimicry must be aligned with the reuse 
potential of local materials. Notice that the choices in reversibility are only discussed after choices from 
urban mining and biomimicry have been made. The reason for this is that the reversibility of the end 
products, is mainly determined by the connection between components. Only the aging process does 
influence reuse potential and that is also the reason why this is still compared in parallel with the choice 
from Urban mining and bio mimicry. 

 
Figure 3.2 Design approach. 

 
To increase the operational energy performance our first concept, (Figure 3.3) was concentrated on keeping 
the warmth outside in summer situation (chimney effect) and keeping the warmth inside during winter 
situation (greenhouse effect).  
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Figure 3.3 First concept 

However, where in the field of operational energy savings in winter a lot has already been improved by 
insulating existing Dutch homes, there is still a lot to be gained in the summer situation. So with the high rise 
temperatures during summer time in the Netherlands (caused by climate change) our second proposal 
(Figure 3.4) was only focused on the summer season. A static our dynamic façade should protect the insight 
climate against sun influence during summertime. Parallel to this change of focus on operational energy, we 
also saw that the choice of materials is related to this change. Glass could give a strong chimney effect and 
greenhouse effect, while wood could be used as a solar shield. 
 
 

 
 

Figure 3.4 First conceptual design 

Another developing in the process was caused by theoretical research (Figure 3.5) which gives us an insight 
on the influence of the stack effect. We saw that the effect was not interesting for buildings lower than 3 
stories, like in the Dutch demonstrator. A distinction must be made here between the chimney effect that is 
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used to extract heat and to function as a natural air conditioning, as in Figure 3.5 but also to keep the heat 
outside, through a ventilated air cavity that is not connected to the indoor air. In Figure 3.5 it is therefore 
about the "natural air conditioning" which is not interesting for this research because of the low height, but 
the chimney effect can still have an influence due to temperature differences. 
 

 
Figure 3.5  DSF with thermal storage space above the cavity proposed by Ding et al. [6] 

Our final proposal is a ventilated façade, which could protect ‘lower’ buildings from heating up during 
summertime. 
 

 
Figure 3.6 Final concept. 

The ventilated façade is depending on wind influence, while the chimney effect is depending on temperature 
difference and height. But still with the same goal: to keep the warmth outside in summer situation. This 
change also effects the material choice. There where glass could cause a chimney effect on higher buildings 
will cause a greenhouse effect on lower buildings. So to keep the dwelling cool during summertime, a close 
material is needed for skin protection. 
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Figure 3.7 Drawings Zuyd of the DRIVE 0 façade system. 

3.1.3 Urban mining 
The first strategy adopted aiming to reduce the EE due to the renovation is the “urban mining”. The 
applicability of this concept is to reclaim the demolition materials from Parkstad region. Parkstad is a region 
in the Southeast Limburg, Netherlands, which is made up of the cities of Heerlen, Kerkrade, Landgraaf, 
Brunssum, and Beekdaelen. The region is ahead of the rest of the Netherlands in terms of population decline, 
which consequently causes the demolition of several houses. To overcome that economy and population 
decline, the region has been working on new future perspectives and innovative improvements to increase 
the revitalization of the region, focusing on using the materials from demolition waste in the region. Figure 
3.8 represents the amount of each material expected from de houses’ demolition in Parkstad which will be 
available for the dwelling renovation: 

Figure 3.8  Sankey diagram of available materials from the demolition stock in the Parkstad region in the Netherlands.[33 ] 
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Among the materials presented in Figure 3.8, this study focuses on reusing wood. Firstly, because of its 
availability (14 kton). Secondly, it is a renewable material, has a high thermal resistance, is easy to dismantle 
from other building materials, has aesthetical appeal, and can be used in different building applications, such 
as construction structures, insulation and cladding material. One can therefore state that wood and 
especially roof construction beams (easy to dismantle and separate) have a high reuse potential. However, 
it is essential to highlight that when it comes to designing and constructing wooden facades, critical issues 
such as aging treatment, suitable protection from various harmful effects, and fire protection come along 
[24], [25]. The first solution proposed to improve the energy performance of a building without increasing EE 
was the addition of insulation throughout the exterior wall reusing the materials from demolition. Regarding 
the wooden structure, a significant amount of wooden beams from existing roof structures will be discarded 
after demolition in Parkstad. Those wooden beams will be reused to make them as less processed as possible 
following the R-strategies, shown in Figure 3.9. 
 

 
Figure 3.9  Deconstruction and materials Reuse: Technology, Economic and Policy. CIB Publication 266, 2001. 
 

Figure 3.9 shows that the bigger the loop the lower the re-use potential and the higher the embodied energy 
and carbon emission. So, if we compare the re-use potential from wooden purlins with glass windows, there 
is a difference in this loop. Glass windows need to be recycled (merging into new dimensions) after 
disassembly to be flexible for new application, like a second skin façade (chimney /greenhouse effect). 
Wooden purlins could be directly reprocessed into new components, like façade construction and cladding 
material (ventilated façade). 
 

3.1.4 Wooden Structure 
To lower the EE energy consumption, during reprocessing the wood from roof beams to façade construction 
the wood will be re-used as much as is. Therefore, the disassembled purlins are transport to WEBO, where 
they clear the wood of metal and planed straight. A very simple operation that requires little energy. A more 
theoretical approach that need further research is the re-use potential of the wood dust into insulation 
material. The scraping waste product caused by sawing and plaining, could be re-used as a wood-fibre 
insulation. Despite the fact that this process is not feasible at our partner WEBO, it is still interesting to 
conduct further research into the possibilities of this residual product.  
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However, this research is based on biobased wood fiber insulation instead of reuse of sawdust. In comparing 
to the WEBO standard we can see the difference in Figure 3.10. 
 

 
Figure 3.10  Comparing insulation materials. 
 

If glass wool is compared with wood fiber, it is noticeable that glass wool retains the heat longer during a 
winter situation (lambda value), while wood fiber keeps the heat out longer during a summer situation 
(specific heat). Decisive for the choice of wood fiber insulation, was the difference in EE. 

 

Figure 3.11  Re-use potential of wooden beams to façade construction. 
 

Another interesting characteristic of the technology developed is the reduction of the percentage of virgin 
comparing to re-used wood structure. WEBO standard assumes a virgin wood construction with a profile of 
38 X 235 mm. To achieve these dimensions from standard purlins of 75 x 175 mm, standardization in fin joist 
frames (Figure 11) can be chosen. This option is very material efficient and already available on the market. 
However, the connection between flange and body of the beam must be constructive approved and cannot 
be guaranteed by WEBO with recycled beams. In this study, however, we opted for re-use as much as is, as 
shown in Figure 3.12. That means that the re-used purlins of 75 x 175 mm will be saw and planed to 38 x 
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164 mm and finished on both sides with virgin slats 38 x 38 mm. Essentially, it means that in the complete 
module, the percentage of virgin wood structure is reduced from 100% (existing WEBO technology) to 32% 
(optimized DRIVE 0). 
 

 
Figure 3.12   Re-used wood versus virgin wood for façade construction. 

 

3.1.5 Cladding material 
Moreover, the cladding material of the DRIVE 0 was also developed reusing the wooden beams from the 
demolition. As shown in Figure 3.13, the wooden beams from the roof structure were cut into two parts, 
and the wooden slats are placed throughout the facade length with a space between them for the air 
circulation.  
 

 

Figure 3.13  Transformation from roof beams to cladding material 
 

When we compare the DRIVE 0 against WEBO standard (finished with Swedish rabat) (Figure 3.14), the 
cladding material of the DRIVE 0 is fully made of re-used wood, while virgin wood is used in the Swedish rabat. 
That means a notable difference in EE, which will be even bigger if we measure this in the end-of-life cycle. 
The bigger difference over a longer period (related to EE) is caused by the smart connection (multicycle re-
use) and the terminal treatment of the re-used wood (which slows down the aging process). The Swedish 
rebate is treated with lacquer against aging. Therefore, it more harmful to the environment than a thermal 
treatment. Moreover, this type of treatment requires repeated panting every 5 year (depending on weather 
influence). 
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Figure 3.14  Comparing cladding material, DRIVE 0 vs WEBO standard with Swedish rabat 
 

The rotation of the elements at an angle of 75 degrees also slows down the aging process, as rainwater is 
quickly drained, and wind dries the planks on 4 sides. The difference with the Swedish rabat is ventilation at 
floor height comparing to full facade ventilation in the DRIVE 0. So, we expect that this open joint ventilated 
façade (DRIVE 0 optimize) has a higher dehydration potential in comparing to the closed joint ventilated 
façade (WEBO standard with Swedish Rabat) The different in aging process can be monitored during the 
lifespan of the system. 
 

3.1.6 Production process 
To provide insight into how you can make facade planks from local purlins, an overview of the production 
process is shown in Figure 3.15. The biggest difference between the old function (supporting structure for 
the roof) and the new function as (facade cladding) is the aging process. Where the purlins do not come into 
contact with weather influence, the wood in the new application as facade cladding will be influence on 
weather conditions. Since purlins are often made from European spruce, experience has shown that this 
type of wood must be protected against weather influences. The same process is followed for the wood 
required for the facade construction. However, the thermal preservation of the wood is not applicable, since 
this, like the purlins in roof constructions, is not exposed to weather influences. 
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Figure 3.15  Production process. 
 

When measuring quality, not only damage, mold and moisture content is considered, but a metal detection 
is also performed. When nails and screws or other materials are detected, they should be removed from the 
surface. If the metals are not visible on the surface, parts of the material are sawn away. The more accurately 
this work is carried out, the wood waste will be lessened, however, it requires more work and time.With 
cladding of the WEBO standard rebate parts are varnished to extend the life of wood. With the optimized 
DRIVE 0 variant, the choice is made to preserve the cladding thermally. This treatment is preferred over 
lacquering, because there is no chemical additives, there is a long-term solution (tested up to 50 years), the 
wood can be reused in the future without removing paint layers. During the thermal process, the wood will 
shrink slightly. That is also the reason why the wood is only planed to the correct dimensions after the heat 
treatment. In this study, in relation to EE, calculations were not made at product level, but at material level. 
A well-known supplier and producer of thermally modified wood in The Netherlands is Platowood. They 
have developed their own process, shown in Figure 3.16. This process is unique compared to other thermal 
modification processes. Where other processes often only consist of drying and heating, sometimes from 
200 to 230 degrees heat. Platowood's unique process consists of three steps: cooking, drying and baking. 
During these steps, new stable connections are created in the wood. 
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Figure 3.16  Thermal treatment process Plato wood. [34] 
 

Due to the relatively low temperatures, the wood retains its cell structure and more stable connections are 
created. The wood retains its resilience and becomes less brittle in relation to other thermal treatments. 
After platonization, the wood absorbs less moisture, which reduces shrinkage and swelling. Later mold 
formation is also prevented because sugars (breeding ground for molds) are broken down in a natural way. 
Their own tests show that about 37% of the strength of the wood is lost in the process. Thermally preserved 
wood is therefore ideal as wood cladding, but not for timber frame construction. 
The Platowood factory is running on steam. They receive residual power from a nearby power plant. 
Unfortunately, they cannot provide insight into steam consumption or in consumption per step. But due to 
the relatively low temperatures during the production process and the use of residual power, the EE and 
ECO2 will decrease considerably. [34] 
 

 

Figure 3.17 Thermal treatment process Plato wood [34] 

 

3.1.7 Insulation 
The first solution proposed to improve the energy performance of a building was the addition of an 
insulation throughout the exterior wall. Therefore, to implement this strategy, it is necessary to decide the 
structure of the new renovated wall and the insulation layer. Moreover, the chosen material is as circular as 
possible. Firstly, relating to the structure of the insulation, it is intended to employ reclaimed wooden frames 
from Parkstad. The wood beams will be reused in a way to make as less processed as possible, so the wood 
will be cut in two parts and used straight as wooden structure for the insulation material, as it is shown in the 
scheme below: 
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Figure 3.18  Transformation beams to façade construction and wood fiber insulation. 
 

Secondly, in order to choose the best material, comparison of different bio based/recycled insulation 
materials in terms of thermal conductivity, embodied energy, embodied CO2, fire class, and price are done 
shown in table 9. To arrive at a good comparison, the RC value is set at 6.6. This value corresponds to the 
KNAUF Naturoll 032 (fiber glass), which is fitted in the WEBO standard with a thickness of 220 mm. 
 
Table 3.1 Insulation comparison. 

 
In terms of fiber glass, it turns out to be the best option in terms of thermal conductivity and price, However, 
its embodied energy is the highest between the materials analyzed. The wood fiber (blow in) could be 
considered the best alternative. Once it can be made from the wood waste from demolition (which is about 
14 times more available then glass), it has a good performance in terms of thermal conductivity (around 

0.039 W/mK), it has an embodied energy three times lower than the fiber glass and its embodied CO2 is close 

to zero. However, since it has fire class D, some strategies should be used in order to improve its fire 
resistance. By taking into account the local reuse of materials in addition to the stated value, wood fiber and 
fiberglass gain in importance. 
 

 

Materials 
 

Thickness 
Density 
(kg/m³) 

 

λ (W/mK) 
 

EE (MJ/kg) 
ECO2 

(KgCO2/kg) 

 

Fire Class 
Price (€/m²) 

excl. tax 

 

Observation 

 
 

Isoproc Q3 Cellulose 
(blow in) 

 
 

0,253 

 

 
45 

 

 
0.038 

 

 
0.94 - 3.3 

 

 
0 

 

 
B 

 

 
€ 24,87 

The major 
disadvantage of 
cellulose is that it 
absorbs more water 
than fiberglass or 
mineral wool. 

Gutex Thermo Fiber 
(blow in) 

 
0,26 

 
60 

 
0.039 

 
10.8 

 
0 

 
D 

 
€ 28,38 

The thermal 
conductivity is lower 
than cellulose fiber 

 

Gutex Thermoflex 
Woodfibre 

 

0,24 
 

50 

 
0.036 

 
10.8 

 
0 

 
D 

 
€ 34,93 

The thermal 
conductivity is lower 
than cellulose fiber. 

 

Knauf Naturoll 032 
(Fiber Glass) 

 

0,22 
 

24 

 
0.032 

 
28 

 
3 

 
A1 

 
€ 14,84 

 

Health problems due 
to its use. 
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Figure 3.19  Production process from beams to sawdust tot wood fiber insulation. 
 

The cellulose fiber shows good results in terms of EE and ECO2. However, the manufacturing process of 
cellulose fibers is based on down cycling newspapers. As this study focuses on reusing the roof beams from 
demolition, and the process of reusing cellulose from wood waste is not yet developed, therefore, this option 
was discarded. Fiberglass insulation, is the best among the options in terms of thermal conductivity. 
Moreover, the glass is one of the listed materials available in the demolition site. However, its embodied 
energy is the highest among the materials analyzed. (focus also on heat transmission in summertime C-
value). Thus, wood fiber insulation shows to be the best option. Once it can be made from the wood waste 
from demolition (which is about 14 times more available than glass), it has an outstanding performance in 

terms of thermal conductivity (around 0.039 W/mK), EE three times lower than the fiberglass, and its 

embodied CO2  is close to zero. 
However, since it has fire class D, some strategies should be adopted to improve its fire resistance. Most of 
the alternatives to dribble this hindrance are related to adding chemicals into the insulation material, which 
drives a contrary idea to the circular analysis and brings high collateral EE. As a potential alternative, the use 
of fire-resistant boards on the outsides of the insulation material was the chosen solution to be implemented 
in this research. The selection of the fire resistant material to be used was done comparing EE, Thermal 
conductivity and availability to buy. As a result, the fiber-cement board from Farmacell was selected. The 
theoretical process of production of the wood fiber insulation consists of reusing the sawdust produced 
during the development of the wooden structure. However, the process of reusing the wood straight from 
the demolition site to develop the wood fiber insulation is still very theoretical and not applicable on practice 
yet. Further research regarding ecofriendly blinders and production process (and upscale process) needs to 
be done. In a practical perspective, the present study used the wood fiber insulation from a company called 
Gutex (bio based waste product). 
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3.1.8 Biomimicry 
Designing an intelligent facade is one of the solutions to improve the OE performance of a building. In this 
sense, nature creates sustainable environments and surrounds us with answers to most of the questions 
since it has evaluated for millennia into adequate solutions. Therefore, to analyze and mimicry natural 
strategies can result in adequate solution for human design challenges too. That is the idea of biomimicry. 
With biomimicry, we can develop new products, processes, and systems, as well as improve already existing 
ones, based on nature. Analyzing history, we can find many examples in which biomimicry ideas are present 
dawn. One of the first records found is from Leonardo da Vince (1452-1519) in his study of birds. He was 
fascinated by flight and drew out schematics for many flying machines that mimicked the bone structure of 
birds and bats [26]. However, the term "biomimetics" was created only in the 1950s by Otto Schmitt [27]. 
 

 
Figure 3.20  Sketch by Leonardo da Vinci 

 
Nowadays, biomimicry is applied in many examples of human's daily life, such as Velcro and airplanes. These 
strategies have also been extended to the built environment field and bring ample opportunities for 
innovation in the engineering and the architecture design discipline [28]. One interesting example is found 
in the Eastgate Center, Zimbabwe: 
 

 
Figure 3.21. Eastgate Center, ventilation system. [29] 

 
In this example, inspired by the termite mounds, the Eastgate Center has a ventilation system in which the 
cold air enters the building into the lower floors and offices before escaping through the chimneys at the 
top. Therefore, the temperature is regulated throughout the year, with no need for HVAC systems [29]. 
However, much of the recent focus in the built environment has been only upon aesthetic appeal. Functional 
biomimicry can extend and enhance buildings' performance to improve. 

https://www.re-thinkingthefuture.com/tag/building/
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Energy saving from literature review: 
Table 3.2 comparison case studies DSF thermal performance, flexibility and reduce OE. [30]

 

 
Figure 3.22  First proposal. 

 
The first proposal developed was the Double skin facade made from glass inspired by the Prairie dog, in which 
two different technologies would be used: 

 during summer, the chimney effect would occur with the air passing from the bottom opening to the 
top opening due to the difference of pressure, cooling the building with the natural ventilation; 

 during winter, the top and bottom openings would be closed, and the glass over the facade would 
cause a reaction similar to the greenhouse effect, warming up the house. 

 
However, this proposal was not applied due to two situations: firstly, regarding S.Barbosa (2014) [31], for 
chimney effect works, the building should be at least two floors high, and as higher the building is, higher is 
the ventilation, with the possibility of reverse effect in low buildings. Secondly, in a practical perspective, 
the glass is a hard material to work with, due to the difficult of transportation and the breaking trend. 
Another design and strategy analysed was the wooden dynamic facade, which would bring good results in 
terms of luminance, being able to control the shadows for windows. However, the expected results in terms 
of thermal comfort would not be better than the static alternatives, and the complexity is higher. Finally, an 
open-join ventilated facade was created inspired by a cricket's respiratory system (Figure 3.23), aiming to 
improve the building's thermal performance during summer. Due to its opening and closing system in the 
cricket’s abdominal pores, the cool air enters through its bottom vents, and the air pressure pushes out the 
hot air through the top vents, and the respiration performs. 
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Figure 3.23  Biomimicry inspiration: cricket respiratory system. 

 

The proposed open-joint ventilated facade works similarly. The ventilated facade consists of the previously 
developed facade, an air cavity, and an additional external skin. The technique of the system works with the 
cool air entering through the bottom opening and the openings designed throughout the facade high, and 
the warm air is pushed out through the top opening. A similar study shows that the temperature at the inner 
edge of the supporting wall can be 28 oC lower with an open-joint ventilated facade than with a standard 
facade in a summer period in Poland [32], as shown in Table 3.3.  
 

Table 3.3. Numerical Comparison of thermal behavior between ventilated facades. 

 
 

After defining the final design as shown in Figure 3.24 of facade element, the effectiveness of the proposal 
will be assessed by the development of a mock-up. In this sense, a Mock-up will be developed in real 
situation and the temperature of the external and inner layer will be compared between the developed 
proposal and the existing WEBO element. This data will be analyzed in a period of one year and the outcomes 
will be further reported. 
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Figure 3.24  Final design DRIVE 0 ventilated. 
 

3.1.9 Assembly and disassembly / Reversibility 
 
Based on the measurement and re-design method that ISSO offers in reversibility of standard details, we 
designed and measured the reversibility of the optimized DRIVE 0 variant. The purlins that have been 
harvested from the Parkstad region and further developed into new products and ultimately form a new 
facade system can be harvested again for new applications after the use phase. The difference with the roof 
system from the Parkstad region, however, is that the facade system in this research is designed from a 
circular design that makes multiple reuse possibility. The connection between materials and elements in the 
facade system must, therefore, be performed with dry connections (clamps, screws, bolts) as opposed to 
wet connections (cement, PU, sealant), such as with the purlins from the Parkstad region. It is also important 
that these connections are easily accessible. This not only saves time during the disassembly and separation 
of materials, but also reduces waste and preserves a high-quality material that can be reused for new 
applications. In addition to reuse at material level, this research also focuses on reuse at product and system 
level. After all, as we saw in chapter 3.1.2 figure 9, the reuse of an element scores higher on circularity than 
the reuse of a single material. This has to do with the amount of energy and ECO2 emissions required to 
achieve a new application. Nevertheless, for new applications (depending on objectives, market forces and 
future developments) it is also possible to reuse at material level. It is therefore important to assess at both 
levels. Figure 28 shows schematically the different levels in a building. For DRIVE 0 this means that a purlin 
from Parkstad is included in the material level, the 1st and 2nd skin are at product level and the double skin 
facade is at system level. Three things are important for reuse at the element level: firstly, facade elements 
must be composed as much as possible with the prefab, since assembly can be done more accurately, 
controlled and conditioned in the factory than in the situation.  Secondly, the number of connections 
between elements should be reduced to a number of smart dry connections. Thirdly, it must be possible to 
dismantle the different layers of a facade system. [36] 
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Figure 3.25  Layers of brand. 

 
We apply the Layers of Brand (ref) to define the elements to be assessed (see Figure 3.25). The Layers of 
Brand distinguishes various building layers in a building with a specific function. Characteristic of these 
building layers is that the lifespan of products generally differs. The layers that are considered in the DRIVE 
0 facade system are: Skin, structure, and site. The Vebo hook system, which is already available on the market, 
is an example of a way in which prefab elements can easily be hung in and out from a substructure (see Figure 
3.26). This mounting system has been taken as inspiration for further research into detachability. The 
suspension system fits in seamlessly with the dry prefab connection that we were looking for during the 
research. It enables multiple reuse at element level, it saves time in assembly and disassembly and it offers 
the possibility of easy disconnection of building layers. [35] 
 
 

 

Figure 3.26  VEBO system, hook technology. [35] 
 

The WEBO standard uses a similar hook system than the Vebo system. However, the system that connects 
the WEBO standard with the back construction is made of wood instead of metal. (see figure 3.27) The 
suspension system shown in Figure 3.27 offers an alternative to metals, but must be resized differently. 
Where aluminum or steel suspension brackets transfer their strength point by point, this is done in wood 
with a line load. Further research into the origin of materials and multicycle reuse could show which of the 
two systems is more circular. However, this is not included in this report. What is shown in section 3.1.7 is 
that both systems score maximum on technical reversibility. 
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Figure 3.27  WEBO standard, wooden hook connection. 

 

Based on Urban mining chapter 3.1.2, the aim with the DRIVE 0 variant was to reduce as much embodied 

energy and CO2 emissions as possible by working with recycled wood instead of new wood Since the 
dimensions of recycled wood usually do not correspond to the requested dimensions from insulation 
thicknesses, a proportion of new wood is still needed. However, if we look at multicycle reuse, the 
combination of recycled wood and new wood is more circular than just recycled wood. In this way, the 
recycled wood that is in the core of the construction is never contaminated with screws or staples that are 
necessary for the attachment of fire-resistant panel material and foils. The construction is built from 
heartwood (purlins) and finishing wood (new wood). In addition, the new wood participates in a biological 
cycle to compost for new trees, while the purlins participate in a technical multi-cycle reuse at element level 
or at material level. It should be noted here that the type and accessibility of the connection determines 
how circular the components are. A nail-connection costs energy to remove, a screw can never be screwed 
in twice in the same place, based on a comparable power transfer. A bolt connection can be reused 
indefinitely, (ignoring the wear of the metal). This is also a point of discussion in ALBA and ISSO's 
measurement method, in which bolt connections and screw connections are valued equally. When 
connecting the DRIVE 0 variant, a bolt connection was chosen between new and recycled wood (see Figure 
31). This should therefore score higher than the screw connection between the slats and the new 
construction wood of the WEBO standard (Figure 3.28). 
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Figure 3.28  Virgin wood structure vs re-used wood. 

 
If you use purlins for a total façade construction, without adding new wood, this means that you cannot reuse 
the purlins as they are dismantled from the roof construction. You will then cut these purlins and adjust 
them to the new dimensions. This costs extra energy, while in principle you only extend the lifespan for one 
cycle. In addition, saw loss occurs, which means that Multicycle reuse always leads to material loss when 
scaling up. This should therefore not be viewed at product level, but at project level. 
This last section of this chapter shows the comparison of the facade structure of the WEBO standard with 
the DRIVE 0 variant. We do this according to the ISSO method, whereby attention is paid to the technical 
reversibility of the elements and the materials separately. In addition, a distinction is made in the phasing. 
We start with the DRIVE 0 variant, which provides insight into the reversibility of the elements in the end-
of-life phase. The colors already give an idea of the technical reversibility, the calculations of this can be 
found in chapter 3.1.7. A comparable scoring scheme is used here as in the assessment of the NBD details 
by ISSO (green=excellent, yellow=good). This shows that the connections at element level with the WEBO 
standard were already very good, since this (excluding finish) is delivered prefab and the connection to the 
rear construction is made with a suspension system, similar to the WEBO system, but in wood. If we look at 
the facade finish, we do notice a difference in detachability. As a prefab element, the DRIVE 0 variant can be 
easily coupled and uncoupled to the constructive part at a number of points. The rebate parts and rear slats 
must be removed separately, in order to be able to reuse the WEBO standard with a new finish. 
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Figure 3.29  WEBO, End of life (element level). Figure 3.30 Drive 0, End of life (element level). 

 
Even though reuse at element level is the most important for upscaling and interchangeability of the system. 
As discussed earlier in this chapter, the detachability at material level must also be made clear (Figure 3.31. 
and Figure 3.32.). At the material level, it is striking that the facade cladding and wooden rear slats of the 
DRIVE 0 variant are colored green, while the WEBO is colored yellow with rebate as standard. It is therefore 
plausible that the wall cladding suspended with a hook system is easier to release than a nail connection. It 
is also made clear that the rear slats of the DRIVE 0 are easier to reach behind separately removable parts 
compared to nailed rebate parts. The technical releasability of materials of the DRIVE 0 is therefore better 
than that of the WEBO standard with rebate. But the reuse potential of materials (process) must also be 
considered. This shows that the difference is even greater. The metal that remains in the wood due to nailing, 
or the holes that remain as a result, cause a degradation of the material in the facade cladding of the WEBO 
standard. The wooden facade parts of the DRIVE 0 variant, on the other hand, remain undamaged, and they 
also have a longer life due to maximum ventilation through this custom-made clamp connection. 
 

 
Figure 3.31  WEBO, End of life (material level). Figure 3.32  DRIVE 0, End of life (material level). 

From a maintenance point of view, there are also a number of differences between the 2 scenarios: When 
a facade plank has to be replaced, with the DRIVE 0 variant this is a matter of sliding a single plank in and 
out. With the WEBO standard with Swedish rebate, all planks above must first be removed before the 
required plank is reached. In addition, the Swedish Rabat is attached with a nail connection, which 
disassembly will always cause minor damage when prying off. If the insulation standards change in the future, 
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it is fairly easy with the DRIVE 0 to replace the insulation by decoupling the prefab first and second shell. 
With the WEBO standard with Swedish rebate, all loose rebate parts must first be removed, after that the 
framework must be removed, then the foil to finally reach the insulation. Another option is to first hang-out 
the complete element and then remove the foil from the back. 
 

 

Figure 3.33  WEBO, Maintenance. Figure 3.34  DRIVE 0, Maintenance. 
 

From the above equation between the reversability of the WEBO standard and the DRIVE 0 variant, it has 
emerged that the DRIVE 0 variant is designed for disassembly even more than the WEBO standard is. At the 
element level (after the use phase) the difference is at the process level (the degree of prefabrication of the 
outer shell), whereby the DRIVE 0 variant has more options for upscaling, interchangeability and functional 
applications. It is important that the separation of composite layers is cleverly chosen. The separation 
between 1st and 2nd shell has been resolved within the construction of the DRIVE 0 variant in order to be 
able to manufacture 2 prefab elements. This corresponds to the urban mining strategy, in which recycled 
wood is supplemented with new wood (reuse as is). 
It is striking that the construction is divided over 2 prefab elements that does not correspond to the 
separation of functions per layer, as prescribed in the layers of brand. The reason why this functions 
optimally here is precisely the decoupling of new wood and used wood, whereby the lifespan and 
applications of the 2 layers can be different. Also, the choice of insulation in the construction is not logical 
from the point of view of the separation of functions. However, since the decoupling of prefab elements 
takes place in the construction, it is still very easy to replace them. It is important that a dry connection is 
used between the insulation and the construction. 
At the material level (end of life), the difference is at the technical level (type and accessibility of the 
connection), where high-quality material can be harvested from the DRIVE 0 variant for multi-cycle re- use. 
The time and energy required for assembly and disassembly is also less. It is mainly the smart connection 
between facade cladding and construction that makes the difference. It is not only about detachability, 
which is optimized in this connection. The entire functioning of the facade is solved in this connection. It 
determines i.e. the angle of the facade cladding, the distance and connection between the cladding and the 
substructure, the distance between the cladding. This detail leads to a higher drying potential of the facade 
cladding and thus a longer lifespan of the wood. It acts as a sun shield in the summer situation, it guides the 
wind and rain and thus responds to climate adaptation and environmental influences. At the material level 
(during the use phase), the difference is at the technical level (type and accessibility of the connection), 
whereby the DRIVE 0 variant offers the option of replacing each individual facade panel, without having to 
disconnect other parts for this. The sliding in and out of a plank is quite simple, the only resistance is the 
plank above it, which exerts light pressure on the underlying plank due to gravity and the connection behind 
it. In this way, a plank can be replaced at any time during the use phase for maintenance. 
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3.1.10 Mock-up development 
In order to be able to test the feasibility and the weather influences on the facade elements for 1 year, a 
Mock-up has been realized at Chemelot Campus - Brightlands in Geleen. The timber frame behind the 
construction finished with H20 plates offers a neutral background against which the 3 facade fragments are 
suspended and can be tested independently of each other at full height. (Figure 3.35). When comparing the 
3 variants and the o-situation in the mock-up, it should be noted; that the theoretical DRIVE 0 variant, for 
practical reasons, will be downgraded and renamed to the WEBO 2.0. The difference between the two is 
shown in this section (WEBO 2.0) and section 3.1.7 assessment of circularity (DRIVE 0). 
 

 

Figure 3.35  Mock-up drawing. 

 
In the bio mimicry strategy (chapter 3.1.4) a comparison was made between a fully ventilated facade (DRIVE 
0 replaced here by WEBO 2.0), a weakly ventilated facade per floor (WEBO ventilated) and a non-ventilated 
facade (WEBO non-ventilated). ventilated). By measuring the difference in surface temperature per scenario 
and per layer in reality, we want to use this strategy to gain more insight into the influence of ventilation 
between facade layers on the indoor climate. It should be noted that this ultimately concerns operational 
energy savings caused by blocking solar radiation. This research is limited to the difference in surface 
temperatures, comparable to the research in Poland. Since no research has yet been conducted in the 
Netherlands (as far as is known) into the influence of a ventilated facade on the indoor climate in summer, 
these measurements can be used to demonstrate how existing facade systems from 
WEBO (ventilated and non-ventilated) and the WEBO 2.0 behave under the influence of sunlight. We expect 
that a ventilated facade gives a much lower surface temperature on the existing inner leaf than a non-
ventilated variant. This expectation is also related to the comparable study in Poland. Measurement data 
from this mock-up will show whether the WEBO 2.0 also scores better on operational energy reduction with 
regard to the WEBO ventilated variant. We found it remarkable that a weakly ventilated facade per floor 
scored “better” in the study from Poland than the fully ventilated variant. Our expectation in this test is that 
the DRIVE 0 “scores better” than the WEBO ventilated variant, since the amount of air displacement is 
expected to be higher with the DRIVE 0 variant. It should be noted that the difference in the three scenarios 
occurs under the influence of sunlight and air movement, but not the ambient temperature. In the Assembly 
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and disassembly / Reversibility strategy chapter 3.1.5, the same variants were also compared, with the 
difference that the WEBO 2.0 is designed “less circular” than the theoretical DRIVE 0 variant. Since it concerns 
prefab elements, the detachability (end of life) in the mock-up is only tested at element level during the 
assembly and disassembly process. It then concerns the feasibility of hanging the elements in and out. 
Furthermore, special attention is paid to maintenance of the DRIVE 0 variant, where the expectations are 
that the facade planks can be mounted and dismantled independently of each other. The aging process of 
materials can hardly be tested, since the test phase has been set at 1 year for practical reasons. After the 
preliminary design had been harmonized with the three strategies, Zuyd made final design drawings in 
preparation for the realization of the mock-up. Account had to be taken of positioning, orientation and 
insulation, construction measures (including wind influences), assembly and disassembly, environmental 
influences, building permits, (health and safety) regulations, planning, budget, contractors, subcontractors, 
suppliers, material availability. In short, realizing a Mock-up often corresponds to realizing a complete 
structure, but then at system level. Especially in a time when delivery times of materials and construction 
companies are becoming longer, it is important to take this into account in terms of costs and planning. 
Figure 3.36 shows a cross-section of the WEBO 2.0 variant, in the way that the drawings were transferred to 
suppliers, contractor and third parties. 

 
Figure 3.36  Final design Dutch mock-up. 

 

Based on the final design drawings from Zuyd University, WEBO made the production drawings of the 
(neutral) substructure and the 3 scenarios. 
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Figure 3.37  production drawings back construction frame. 
 

 
Figure 3.38  WEBO 2.0 production drawings façade element . 
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The WEBO standard finished with stone strips and Rabat parts are produced according to WEBO's standard 
detailing. For the mock-up, it was decided to make the suspension with interlocking wooden slats, since the 
expectations are that these are on the one hand more circular compared to the most commonly used 
aluminum connections. In addition, the wooden slats that run over the full length provide a connection 
between 2 main parts of the rear construction. This connection between the 2 rear parts would not have 
been possible with the standard aluminum connections that only provide attachment points at a number of 
points. Whether this results in a more circular connection (lower EE and higher scores on releasability) has 
not been tested, since the same suspension was also chosen for the WEBO 2.0 (see Figure 3.38). 
 

As with the theoretical DRIVE 0 variant, the intention of the WEBO 2.0 was to use recycled purlins for the 
timber construction. However, after metal detection, it turned out that almost 40% of the purlins that we 
had supplied to WEBO ended up in the waste. The metal that is under the wood surface can only be removed 
by sawing away pieces of the beams, which leads to a lot of loss. In addition, it should be noted that removing 
metals and parts of wood is a labor-intensive job. In addition, of course, there is the standard sawing and 
planning loss, which falls under the same 40% loss. In addition to opting for new wood instead of recycled 
wood for the construction, WEBO 2.0 also opted for the same construction wood composition as with the 
WEBO standard. Where the theoretical Drive 0 variant scores very high on releasability, the connection at 
element level of the WEBO 2.0 will only be comparable with the WEBO standard. More substantiation about 
the releasability of the DRIVE 0 can be found in chapter 3.1.7 Assessment of circularity. 
 

Simultaneously with the elaboration of the production drawings, coordination and negotiation took place in 
consultation with the constructor, contractor, subcontractor and third parties about the preparations and 
realization of the mock-up. The connection of the wooden construction to the steel HEA beam in particular 
proved to be difficult from a technical point of view. It was ultimately decided to weld corner strips to the 
steel beams in order to then be able to make the connection with the wood. Furthermore, the dismantling 
of the roof on the mock-up was discussed, as a watertight finish also had to be applied over it, which made 
the accessibility of the connection more difficult. By coordinating this well in advance with the various 
parties, the mounting of the Mock-up went quickly and without problems. The mock-up (excluding roof 
finish) was manufactured in one day, the degree of prefabrication being decisive. As can be seen in Figure 
3.39 the entire mock-up (excl. connections) consists of 5 prefab wooden parts, 1 steel HE240 beam, 6 stelcon 
plates and 5 tension and compression rods. To take the detachability to a higher level, a disconnection 
between 1st and 2nd shell could have a similar connection as between the neutral background and the 3 
scenarios. The theoretical DRIVE 0 variant is an example of this. 
 



                                                                                                                             
 

 
 

H2020 DRIVE 0_841850_WP2_Task 2.3                                                  43 

 
 

   
Figure 3.39 Mounting process. 
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When comparing the WEBO standard with rebate and the WEBO 2.0, it can be seen that wood fiber 
insulation emits less CO2 and requires less energy during production compared to glass wool. However, 5 mm 
more thickness is needed with wood fiber to achieve a comparable RC value. The facade cladding of the WEBO 
2.0 is made entirely from recycled wood, which is why there is (excl. mounting material) no emissions and 
embodied energy at material level (cradle to gate). The EE and ECO2 of the construction is the same as both 
are made entirely from new wood. 
 

Table 3.4. Degree of circularity of the mock-up.-WEBO  vs WEBO (2.0). 

 
 

 

 

EMBODIED ENERGY  / C02  MOCK -UP - WEBO

WOODEN STRUCTURE

E C02 (kgC02e/kg) Energy (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Timber 0,31 10 510 0,17 867,00 26,877 ICE database

TOTAL 867,00                        26,877

INSULATION Knauf NATUROLL 032

E C02 (kgC02e/kg) Energy (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Fibreglass insulation 1,35 28 40 0,98 1.097,60                    52,92 ICE database

TOTAL 1.097,60                    52,92

VENTILATED FACADE

E C02 (kgC02e/kg) Energy  (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Timber 0,31 10 510 0,08 408,00 12,648 ICE database

TOTAL 408,00                        12,648

1,97 48

Mock-up WEBO (Cradle to gate)

EE (MJ) Ec02 (kg)

Wooden structure 867,00                    26,88                           

Insulation 1.097,60                 52,92

Ventilated facade 408,00                    12,648

TOTAL EE 2.372,60                 92,45                           

EMBODIED ENERGY  / C02  MOCK -UP - WEBO 2.0

WOODEN STRUCTURE

E C02 (kgC02e/kg) Energy (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Timber 0,31 10 510 0,17 867,00 26,877 ICE database

TOTAL 867,00    26,877

INSULATION Gutex Thermoflex

E C02 (kgC02e/kg) Energy (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Woodfibre insulation 0,98 20 40 1,00 800,00    39,2 ICE database

TOTAL 800,00    39,2

VENTILATED FACADE     (Only Re-used wood)

E C02 (kgC02e/kg) Energy  (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Timber 0,31 10 510 0 0,00 0 ICE database

TOTAL 0 0

1,6 40

Mock-up WEBO 2.0 (Cradle to gate)

EE (MJ) Ec02 (kg)

Wooden structure 867,00                                    26,88                  

Insulation 800,00                                    39,2

Ventilated facade 0 0

TOTAL EE 1.667,00                                66,08                  
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In terms of technical detachability, the WEBO 2.0 also scores better in the long term (end of life) and in the 
short term (maintenance) and both at element level and at material level, yet the differences are smaller 
than with the theoretical DRIVE 0 variant described in chapter 3.1.7 is tested. 
 
Table 3.5. Reversibility Mock-up WEBO standard. 

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Buffer insulation (glasswool) 16,6 15 0,70 1,28 174,30 13,44 ICE database (mineral wool)

Vapour barrier 0,25 mm 83,1 340 0,005 2,54 127,14 3,89 ICE database (polyethylene)

Timber frame 45x145 mm 7,4 500 0,46 0,2 1702,00 46,00 ICE database ( softwood)

Insulation (cellulose fibre wool) 150 mm 2,12 70 1,65 0 244,86 0,00 ICE database (cellulose)

TOTAL 2.248,30                  63,33                       

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Horisontal wooden slats 45x45 mm (finger joint lumber)7,4 500 0,10 0,2 370,00 10,00 ICE database (softwood)

Insulation (cellulose wool) 45 mm 2,12 70 0,50 0 74,20 0,00 ICE database (cellulose)

Windstopper (rockwool board) 13 mm 16,8 100 0,18 1,12 302,40 20,16 ICE database (rockwool)

TOTAL 444,20                      10,00                       

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Wooden slats 28 x 95 mm 7,4 500 0,95 0,2 3515,00 95,00 ICE database (softwood)

Facade cladding (wood cladding) 21 mm 7,4 500 0,30 0,2 1110,00 30,00 ICE database (softwood)

Facade paint (double coat) 21 1 14,00 0,87 294,00 12,18 ICE database ( paint) 

TOTAL 4.919,00                  137,18                     

171,34 6,61

EE (MJ) EC02 (kg)

Layer 1 (timber frame with insulation)2.248,30           63,33                  

Layer 2 (horizontal slats with insulation and windstopper)444,20              10,00                  

Layer 3 (ventilated gap and facade cladding)4.919,00           137,18                

TOTAL EE 7.611,50           210,51                

EE / EC02  TIMBECO

EMBODIED ENERGY / C02  TIMBECO 2.0

Layer 1 (timber frame with insulation)

Layer 2 (horizontal slats with insulation and windstopper)

Layer 3 (ventilated gap and facade cladding)
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End-of-life (element level)  End-of-life material level) Maintenance 
 
Figure 3.40  Disassemble process Mock-up WEBO standard. 
  

per connection amount total score total average

End-of-life (element level) 1 1 1 1 1 0,83 167 122 0,73

1. Prefab 1e skin (structure) 1 1 1 1 1 1,00 5 5

Connection to backconstruction

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

score

2. Cladding  material 1 1 1 1 1 0,70 126 88,2

Connection cladding to bwooden slats

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden slats 1 1 1 1 1 0,80 36 28,8

Connection to structure

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

amount total score total average

End-of-life (material level) 1 1 1 1 1 0,74 426 310,333333 0,73

1. Cladding  material 1 1 1 1 1 0,70 126 88,2

Connection cladding to back construction

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

2. Wooden slats 1 1 1 1 1 0,80 32 25,6

Connection to back construction

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden structure (HSB) 1 1 1 1 1 0,73 268 196,533333

Connection to finishing material (foil) 0,50 226

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 0 0 0 0 0 0,40 Accessible with actions that cause repairable damage

Connection to insolation material 0,90 24

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Interconnection 0,80 18

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

amount total score total average

Maintanance 1 1 1 1 1 0,80 180 144 0,80

score toelichting

Clading material 1 1 1 1 1 0,80 180 144

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 0,80 Overlap

Piercing 1 1 1 1 1 1,00 No piercing
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Table 3.6  Reversibility Mock-up WEBO 2.0 

 
 

 

 

 

 

End-of-life (element level) End-of-life (material level) Maintenance 
 
Figure 3.41  Disassemble process Mock-up WEBO 2.0.  

per connection amount total score total average

End-of-life (element level) 1 1 1 1 1 0,88 221 186,8 0,85

1. Prefab 1e skin (structure) 1 1 1 1 1 1,00 5 5

Connection to backconstruction

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

score

2. Cladding  material 1 1 1 1 1 0,85 180 153

Connection to hook 90

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Connection cladding to back construction 90

Type of connection 1 1 1 1 1 0,80 Connection with added elements

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden slats 1 1 1 1 1 0,80 36 28,8

Connection to back construction

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

amount total score total average

End-of-life (material level) 1 1 1 1 1 0,80 446 355,4666667 0,80

1. Cladding  material 1 1 1 1 1 0,85 180 153

Connection to hook 

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Connection cladding to back construction

Type of connection 1 1 1 1 1 0,80 Connection with added elements

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden slats 1 1 1 1 1 0,80 18 14,4

Connection to back construction

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

2. H20 platen 1 1 1 1 1 0,80 93 74,4

Connection to construction (slats)

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

4. Wooden structure (HSB) 1 1 1 1 1 0,73 155 113,7

Connection to finishing material (foil) 0,50 113

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 0 0 0 0 0 0,40 Accessible with actions that cause repairable damage

Connection to insolation 0,90 24

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Interconnection 0,80 18

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

amount total score total average

Maintanance 1 1 1 1 1 0,90 180 162 0,90

score toelichting

Clading material 1 1 1 1 1 0,90 180 162

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Inclusion 1 1 1 1 1 0,80 Overlap

Piercing 1 1 1 1 1 1,00 No piercing
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3.1.11 Assessment of circularity 

Table 3.7  Level of circularity WEBO vs DRIVE 0. 

 

 
 

 

 

 

 

 

EMBODIED ENERGY  / C02  MOCK -UP - WEBO

WOODEN STRUCTURE

E C02 (kgC02e/kg) Energy (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Timber 0,31 10 510 0,17 867,00 26,877 ICE database

TOTAL 867,00                        26,877

INSULATION Knauf NATUROLL 032

E C02 (kgC02e/kg) Energy (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Fibreglass insulation 1,35 28 40 0,98 1.097,60                    52,92 ICE database

TOTAL 1.097,60                    52,92

VENTILATED FACADE

E C02 (kgC02e/kg) Energy  (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Timber 0,31 10 510 0,08 408,00 12,648 ICE database

TOTAL 408,00                        12,648

1,97 48

Mock-up WEBO (Cradle to gate)

EE (MJ) Ec02 (kg)

Wooden structure 867,00                    26,88                           

Insulation 1.097,60                 52,92

Ventilated facade 408,00                    12,648

TOTAL EE 2.372,60                 92,45                           

EMBODIED ENERGY  / C02  Drive-0

WOODEN STRUCTURE

E C02 (kgC02e/kg)Energy (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Timber 0,31 10 510 0,05 255,00 7,905 ICE database

TOTAL 255,00    7,905

INSULATION Gutex Thermoflex

E C02 (kgC02e/kg)Energy (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Woodfibre insulation 0,98 20 40 1,00 800,00    39,2 ICE database

TOTAL 800,00    39,2

VENTILATED FACADE     (Only Re-used wood)

E C02 (kgC02e/kg)Energy  (MJ/kg) Density (kg/m³) Volume (m³) EE (MJ) E C02 (kg)

Timber 0,31 10 510 0 0,00 0 ICE database

TOTAL 0 0

Proposal Drive-0 optimized (cradle to gate)

EE (MJ) Ec02 (kg)

Wooden structure 255,00              7,91                    

Insulation 800,00              39,2

Ventilated facade 0 0

TOTAL EE 1.055,00           47,11                  
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Table 3.8  Reversibility WEBO standard + Swedish Rabat.  

 

 

End-of-life (element level) End-of-life (material level) Maintenance 

 

Figure 3.42  Disassemble process WEBO standard + Swedish Rabat. 

per connection amount total score total average

End-of-life (element level) 1 1 1 1 1 0,83 167 122 0,73

1. Prefab 1e skin (structure) 1 1 1 1 1 1,00 5 5

Connection to backconstruction

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

score

2. Cladding  material 1 1 1 1 1 0,70 126 88,2

Connection cladding to bwooden slats

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden slats 1 1 1 1 1 0,80 36 28,8

Connection to structure

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

amount total score total average

End-of-life (material level) 1 1 1 1 1 0,74 426 310,333333 0,73

1. Cladding  material 1 1 1 1 1 0,70 126 88,2

Connection cladding to back construction

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

2. Wooden slats 1 1 1 1 1 0,80 32 25,6

Connection to back construction

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden structure (HSB) 1 1 1 1 1 0,73 268 196,533333

Connection to finishing material (foil) 0,50 226

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 0 0 0 0 0 0,40 Accessible with actions that cause repairable damage

Connection to insolation material 0,90 24

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Interconnection 0,80 18

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

amount total score total average

Maintanance 1 1 1 1 1 0,80 180 144 0,80

score toelichting

Clading material 1 1 1 1 1 0,80 180 144

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 0,80 Overlap

Piercing 1 1 1 1 1 1,00 No piercing
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Table 3.9  Reversibility DRIVE 0 optimized. 

 

 

 

End-of-life (element level) End-of-life (material level) Maintenance 
 
Figure 3.43  Disassemble process DRIVE 0 optimized 
 

per connection amount total score total average

End-of-life (element level) 1 1 1 1 1 0,95 23 21,2 0,92

1. Prefab 1e skin (structure) 1 1 1 1 1 1,00 5 5

Connection to backconstruction

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

2. prefab 2e skin (Cladding) 1 1 1 1 1 0,90 18 16,2

Connection to wood stucture

Type of connection 1 1 1 1 1 0,80 Bolt and nut connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

amount total score total average

End-of-life (material level) 1 1 1 1 1 0,85 446 375,2666667 0,84

1. Cladding  material 1 1 1 1 1 0,95 180 171

Connection to hook 

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Connection cladding to back construction

Type of connection 1 1 1 1 1 0,80 Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

2. H20 platen 1 1 1 1 1 0,80 93 74,4

Connection to construction (slats)

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden slats 1 1 1 1 1 0,90 18 16,2

Connection to back construction

Type of connection 1 1 1 1 1 0,80 Bolt and nut connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

4. Wooden structure (HSB) 1 1 1 1 1 0,73 155 113,6666667

Connection to finishing material (foil) 0,50 113

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 0 0 0 0 0 0,40 Accessible with actions that cause repairable damage

Connection to insolation 0,90 24

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Interconnection 0,80 18

Type of connection 1 1 1 1 1 0,80 Bolt and nut connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

amount total score total average

Maintanance 1 1 1 1 1 1,00 1,00

score toelichting

Clading material 1 1 1 1 1 1,00

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 1 1 1 1 1 1,00 No piercing
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 TIMBECO 
Main frame of the insulation element is 45x145 mm timber. Main frame was made from standard C24 
structural timber because 45x145 finger joint timber was not available. Horizontal wooden slats (45x45 mm 
and 45 x95 mm) were replaced with finger-jointed lumber to increase the use of remanufactured materials. 
Main frame connections are nail connections because of the higher of shear strength of nail connection. 
Screw connections can be used for horizontal wooden slats and ventilation gap wooden slats, which allows 
easier disassembly. Façade insulation element with cellulose insulation have lower embodied energy and 
carbon content that rockwool insulation but cellulose insulation cannot be used because of the fire safety 
regulations. Estonian pilot building is a TP1 class building with 3 floors which requires at least fire resistance 
class of A2 for insulation material. Cellulose wool has fire resistance class of B1. Cellulose wool insulation 
can be used for renovation of detached houses or apartment buildings with two floors. In agreement with 
the Estonian Rescue Board we were able to use cellulose wool insulation in one end wall insulation element 
for test purposes. In terms of circularity, insulation material from textile waste would be also a good option 
but recycled textile waste insulation materials are not yet widely produced and many of the products do not 
have necessary certificates. Rockwool board is used as a wind stopper because of the hygrothermal 
properties (high thermal resistance and vapor permeability). The use of gypsum board with paper or timber-
based boards (e.g. OSB, plywood) were excluded as their thermal resistance is low and mold growth 
sensitivity is high. Fibre cement boards are used for façade cladding for most of the façade insulation 
elements because of the long service life and no maintenance need. Wooden façade cladding is used for 
façade parts which are more protected from the climate elements (stairwell walls). 
 

 

Figure 3.44  Section of the façade element. 

 
Assessment of embodied energy and embodied carbon is made on basis of one standard wall element 
3.25x5.63m with area of 14 m2 (without windows). Windows are excluded from the calculations. 
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1 2 3 4 
 

 

5 6 7 

Figure 3.45  Assembly of the façade element. 

Assembly scheme of the façade element: 
1. Timber frame (view from inside) 
2. Installation of vapour barrier and buffer insulation (view from inside) 
3. Installation of insulation and horizontal slats (view from outside) 
4. Installation of windstopper board (view from outside) 
5. Installation of vertical wooden slats (view from outside) 
6. Installation of horizontal wooden slats (view from outside) 

7. Installation of wood cladding (view from outside) 
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3.2.1 Assessment of embodied energy and embodied carbon 

 

Table 17. Level of circularity TIMBECO vs TIMBECO 2.0 

 
 

 

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Buffer insulation (glasswool) 16,6 15 0,70 1,28 174,30 13,44 ICE database (mineral wool)

Vapour barrier 0,25 mm 83,1 340 0,005 2,54 127,14 3,89 ICE database ( polyethylene)

Timber frame 45x145 mm 7,4 500 0,46 0,2 1702,00 46,00 ICE database ( softwood)

Insulation (rockwool) 100+50 mm 16,8 28 1,65 1,12 776,16 51,74 ICE database (rockwool)

TOTAL 2.779,60              115,07                  

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Horisontal wooden slats 45x45 mm 7,4 500 0,10 0,2 370,00 10,00 ICE database (softwood)

Insulation (rockwool) 50 mm 16,8 28 0,55 1,12 258,72 17,25 ICE database (rockwool)

Windstopper (gypsum board) 9 mm 6,75 820 0,13 0,39 719,55 41,57 ICE database (plasterboard)

TOTAL 628,72                  27,25                    

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Wooden slats 28 x 95 mm 7,4 500 0,95 0,2 3515,00 95,00 ICE database (softwood)

Facade cladding (fibrecement board) 8mm 15,3 1450 0,11 1,28 2440,35 204,16 ICE database (Fibre Cement )

TOTAL 5.955,35              299,16                  

EE (MJ) EC02 (kg)

Layer 1 (timber frame with insulation)2.779,60                     115,07                

Layer 2 (horizontal slats with insulation and windstopper)628,72                        27,25                  

Layer 3 (ventilated gap and facade cladding)5.955,35                     299,16                

TOTAL EE 9.363,67                     441,48                

EMBODIED ENERGY / C02  TIMBECO

Layer 1 (timber frame with insulation)

EE / EC02  TIMBECO

Layer 2 (horizontal slats with insulation and windstopper)

Layer 3 (ventilated gap and facade cladding)

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Buffer insulation (glasswool) 16,6 15 0,70 1,28 174,30 13,44 ICE database (mineral wool)

Vapour barrier 0,25 mm 83,1 340 0,005 2,54 127,14 3,89 ICE database (polyethylene)

Timber frame 45x145 mm 7,4 500 0,46 0,2 1702,00 46,00 ICE database ( softwood)

Insulation (cellulose fibre wool) 150 mm 2,12 70 1,65 0 244,86 0,00 ICE database (cellulose)

TOTAL 2.248,30                  63,33                       

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Horisontal wooden slats 45x45 mm (finger joint lumber)7,4 500 0,10 0,2 370,00 10,00 ICE database (softwood)

Insulation (cellulose wool) 45 mm 2,12 70 0,50 0 74,20 0,00 ICE database (cellulose)

Windstopper (rockwool board) 13 mm 16,8 100 0,18 1,12 302,40 20,16 ICE database (rockwool)

TOTAL 444,20                      10,00                       

Energy (MJ/kg) Density (kg/m³) Volume (m³) CO2 (kg/m³) EE (MJ) E C02 (kg)

Wooden slats 28 x 95 mm 7,4 500 0,95 0,2 3515,00 95,00 ICE database (softwood)

Facade cladding (wood cladding) 21 mm 7,4 500 0,30 0,2 1110,00 30,00 ICE database (softwood)

Facade paint (double coat) 21 1 14,00 0,87 294,00 12,18 ICE database ( paint) 

TOTAL 4.919,00                  137,18                     

171,34 6,61

EE (MJ) EC02 (kg)

Layer 1 (timber frame with insulation)2.248,30           63,33                  

Layer 2 (horizontal slats with insulation and windstopper)444,20              10,00                  

Layer 3 (ventilated gap and facade cladding)4.919,00           137,18                

TOTAL EE 7.611,50           210,51                

EE / EC02  TIMBECO

EMBODIED ENERGY / C02  TIMBECO 2.0

Layer 1 (timber frame with insulation)

Layer 2 (horizontal slats with insulation and windstopper)

Layer 3 (ventilated gap and facade cladding)
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3.2.2 Assessment of circularity 
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3.2.3 Assessment of DfD 

Table 3.10 Reversibility TIBECO standard façade insulation element 

 

 

End-of-life (element level) 1 1 1 1 1 0,85

score

1. Prefab 1e skin (structure) 1 1 1 1 1 0,80

Connection to back construction

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

2. Cladding 1 1 1 1 1 0,90

Connection to wooden slats

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

3.Wooden slats 1 1 1 1 1 0,70

Connection to wooden structure

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

End-of-life (material level) 1 1 1 1 1 0,77

1. Cladding  material 1 1 1 1 1 0,90

Connection to wooden slats 

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

2. Wooden slats 1 1 1 1 1 0,70

Connection to wooden structure

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden structure 1 1 1 1 1 0,70

Connection to finishing material (foil)

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Interconnection

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Maintanance 1 1 1 1 1 0,83

score toelichting

Clading material 1 1 1 1 1 0,95

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 1 1 1 1 1 1,00 No piercing

 Wooden slats 1 1 1 1 1 0,80

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 0,80 Overlap

Piercing 1 1 1 1 1 1,00 No piercing

Insulation 1 1 1 1 1 0,75

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 0 0 0 0 0 0,20 Closed (on one side)

Piercing 1 1 1 1 1 1,00 No piercing
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Table 3.11  Reversibility TIBECO 2.0  façade insulation element 
 

 
  

End-of-life (element level) 1 1 1 1 1 0,85

score

1. Prefab 1e skin (structure) 1 1 1 1 1 0,80

Connection to back construction

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

2. Cladding 1 1 1 1 1 0,90

Connection to wooden slats

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

3.Wooden slats 1 1 1 1 1 0,80

Connection to wooden structure

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

End-of-life (material level) 1 1 1 1 1 0,82

1. Cladding  material 1 1 1 1 1 0,90

Connection to wooden slats 

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

2. Wooden slats 1 1 1 1 1 0,80

Connection to wooden structure

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden structure 1 1 1 1 1 0,75

Connection to finishing material (foil)

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Interconnection

Type of connection 1 1 1 1 1 0,60 Nail connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Maintanance 1 1 1 1 1 0,85

score toelichting

Clading material 1 1 1 1 1 0,95

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 1 1 1 1 1 1,00 No piercing

 Wooden slats 1 1 1 1 1 0,85

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 0,80 Overlap

Piercing 1 1 1 1 1 1,00 No piercing

Insulation 1 1 1 1 1 0,75

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 0 0 0 0 0 0,20 Closed (on one side)

Piercing 1 1 1 1 1 1,00 No piercing
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 ALIVA 
The plug&play opaque façade system can be installed directly on external existing building walls and is 
therefore adaptable to most of the European existing building stock, including small houses or buildings built 
with traditional techniques. The building can be in use during site interventions, which will be however 
reduced to the minimum thanks to the application of a complete prefabrication strategy. The system is based 
on the unitized curtain wall concept, where every unit of the façade can be designed and customized 
according to the owner needs and can integrate windows and technological systems components or 
architectural elements like lights or external decorative elements. The system is designed to be completely 
prefabricated in-the-factory and, thanks to its simplicity and to common constituent components and 
materials, can be even pre-assembled locally, near job site, with locally available materials to reduce the 
impact of transportations further fostering circularity trough the urban mining strategy. ALIVA developed 
two different versions of the system, both with relative advantages: the first one, named “V1”, based on an 
aluminum alloy load bearing frame where every component (insulation, cladding) is anchored to main 
(perimeter) and secondary frame (intermediate structures); the second one, named “V2”, built on a 
sandwich base panel where all elements can be fixed directly on panel “skins” locally. Both V1 and V2 relies 
on fully mechanical assembly and will therefore express the Design for Disassembly strategy to its best. Both 
versions of the system are characterized by high-end performances in terms of safety, V1 is A1 Class fire-
rated according to EN 13501-1, while V2 is A2 Class with s1 d0 specs, and they are capable of being installed 
scaffold-less in really short times. The system is designed, taking advantage of the know-how of ALIVA in this 
field, to accept almost every cladding material in every module/format commercially available, in order to be 
flexible in accordance with designers and architect’s needs. V2 has been selected for the first intervention 
on the Italian Demo Case and executive design is now in progress. 
 
V2 version is also being further developed to reach a “ready to market” TRL. The Italian Teams is now working 
on the choice of materials and their manufacturing processes, to select sustainable and circular base 
materials and identify virtuous suppliers. As an example, it’s been identified an extruded aluminum alloy 
supplier capable of guaranteeing that more than the 85% of material supplied (in terms of mass) is coming 
from multiple recycle cycles and it’s manufactured using more than 70% if energy from renewable sources 
(PV modules), cutting down significantly the impact of material and its semi-finished product. The application 
to the Italian Demo Case represents a challenge for any innovative façade system, since Villa Cuccoli is an old 
manor where historical constraints, from local and national Italian laws aimed at the preservation of assets 
with significant historical value, have to be applied. This implies that the external finish of the façade should 
be executed according to the existing architectural specifications, with a continuous finishing layer of lime-
based coat and plaster. Therefore, the façade system will need to accept a traditional finish, making it an 
innovative prefabricated façade system, scaffold-less installed, able to be applied to old and historical 
buildings with architectural constraints. Along with the development specifically dedicated to the façade 
solution for the Demo Case, the Italian Team has also proceeded to study a V2 solution dedicated to dry 
cladding technology. This solution will be referred to 2.0 in the next tables. This further version of the system 
can be equipped with dry cladding technology and its flexibility will allow it to be mounted. 
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3.3.1 Assessment of DfD 

Table 3.12  Reversibility ALIVA standard  façade  

   

End-of-life (element level) 1 1 1 1 1 0,85

score

1. Prefab 1e skin (structure) - traditional aluminum frame 1 1 1 1 1 0,80

Connection to back construction

Type of connection ## 1 1 1 1 0,80 Bolt and nut connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

2. Cladding - traditional ceramic cladding, installed on-site 1 1 1 1 1 0,90

Connection to wooden slats

Type of connection 1 1 1 1 1 0,80 Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

3.Wooden slats - aluminum brackets and anchors 1 1 1 1 1 0,90

Connection to wooden structure

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

End-of-life (material level) 1 1 1 1 1 0,83

1. Cladding material 1 1 1 1 1 0,90

Connection to wooden slats 

Type of connection 1 1 1 1 1 0,80 Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

2. Wooden slats - aluminum brackets and anchors 1 1 1 1 1 0,80

Connection to wooden structure

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden structure - aluminum frame 1 1 1 1 1 0,80

Connection to finishing material (foil)

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Interconnection

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Maintanance 1 1 1 1 1 0,88

score toelichting

Cladding material 1 1 1 1 1 0,95

Type of connection 1 1 1 1 1 0,80 Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 1 1 1 1 1 1,00 No piercing

 Wooden slats - aluminum brackets and anchors 1 1 1 1 1 0,90

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 1 1 1 1 1 1,00 No piercing

Woodfiber insolation - Rockwoll insulation 1 1 1 1 1 0,80

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 0 0 0 0 0 0,40 Piercing by one or more objects
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Table 3.13 Reversibility ALIVA 2.0  façade  

End-of-life (element level) 1 1 1 1 1 0,85

score

1. Prefab 1e skin (structure) - prefab. support panel 1 1 1 1 1 0,80

Connection to back construction

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

2. Cladding - prefab. cladding, installed in the factory 1 1 1 1 1 0,90

Connection to wooden slats

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

3.Wooden slats - steel & aluminum brackets and anchors 1 1 1 1 1 0,80

Connection to wooden structure

Type of connection 1 1 1 1 1 0,80 Connection with added elements

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

End-of-life (material level) 1 1 1 1 1 0,85

1. Cladding  material - prefab. cladding, installed in the factory 1 1 1 1 1 0,90

Connection to wooden slats 

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

2. Wooden slats - steel & aluminum brackets and anchors 1 1 1 1 1 0,80

Connection to wooden structure

Type of connection 1 1 1 1 1 0,80 Bolt and nut connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

3. Wooden structure - prefab. support panel 1 1 1 1 1 0,85

Connection to finishing material (foil)

Type of connection 1 1 1 1 1 0,80 Screw connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Interconnection

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Maintanance 1 1 1 1 1 0,88

score toelichting

Cladding material - prefab. cladding, installed in the factory 1 1 1 1 1 0,95

Type of connection 1 1 1 1 1 0,80 Connection with added elements

Accessibility of connection 1 1 1 1 1 1,00 Freely accessible

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 1 1 1 1 1 1,00 No piercing

 Wooden slats - steel & aluminum brackets and anchors 1 1 1 1 1 0,90

Type of connection 1 1 1 1 1 0,80 Bolt and nut connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 1 1 1 1 1 1,00 No piercing

Woodfiber insolation - Glass fiber and rocwoll insulation 1 1 1 1 1 0,80

Type of connection 1 1 1 1 1 1,00 Dry connection

Accessibility of connection 1 1 1 1 1 0,80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 1,00 Open, no inclusion

Piercing 0 0 0 0 0 0,40 Piercing by one or more objects
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Figure 3.46 - 3.48  Details of ALIVA 2.0 system, maintenance groups 

 

 IRISH system 

 
3.4.1 System Introduction 
The Irish 2D wall system is in detail design stage with proposed panel specification, construction and 
assembly details agreed and in mock up test manufacture for installation and testing. The development of 
the Irish system is based on circularization and adaptation of an existing conventional light gauge steel 
framed system involving a range of circular design strategies notably, material (ecological and bio-based) 
specification and design for disassembly at all levels in building hierarchy to facilitate ‘re – stages’ i.e. re use, 
re manufacture, re cycle etc. 
 

3.4.2 Circularity Design Principles 
The Irish system was developed around two broad design strategies incorporating particular circularity 
principles which have emerged during engagement in the project. Material specification is a central aspect 
of circularity given its objectives of reduction of use of virgin nonrenewable materials and resources, and 
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avoidance / reduction of waste (leakage) and associated environmental impact. As such, and given that urban 
mining was not considered viable, significant focus was made on material specification, notably bio-based 
materials, renewable materials, avoiding toxic materials, recycled materials, recyclable materials etc. 
 

 
Figure 3.49  Circularity map Ellen Mc Arthur Foundation and Re- Stages mapping for Built Environment. 

 

3.4.3 DfD / Building Hierarchy 
Design for Disassembly is at the heart of circularity as it enables extraction of elements, components, 
products and material for potential or planned re-use, re-manufacture, re-cycle etc. As circularity is about 
resource and material use reduction, higher levels of circularity are clearly achieved when products and 
materials enter the ‘re stages’ (re use, re manufacture, re cycle) with the lowest possible value loss and 
energy and material loss and input, i.e. as close as possible to the original statue and purpose. Therefore, re 
use and adaptation of a building would be more circular than disassembly and resource mining, or re use of 
a wall panel in its entirety would be more circular than disassembly and re- use, re-manufacture, re-cycle of 
its components, products and materials. 

 
In the context of buildings and construction this means that advanced circularity requires DfD at all levels in 
the building hierarchy. Drawing from Durmisevic, DfD in a building hierarchy context has been a particular 
focus of the Irish team in contrast to the EU Drive 0 circularity and DfD assessments which have ignored or 
downplayed this critical factor in various and particularly early assessments. Indeed, taking a hierarchical 
approach is advised as a key principle of DfD in ISO 20887 Design for Disassembly and Adaptability, which 
recommends five levels of analysis: System, Elements, Component or Assembly, Subcomponent, Material. 

 

Figure 3.50  Hierarchy frameworks of decomposition of buildings and constructions from Durmisevic 2006. 
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3.4.4 Proposed 2D System 
Within the Drive 0 project this system has adapted to function as a pre manufactured, modularized, wall 
cladding panel that is pre finished externally, incorporating bio-based materials, integrated high 
performance window system and design for disassembly at all levels in the hierarchy. 

 

Figure 3.51. Early Vision Built concept for framing and 2D wall panels to existing house. 

 

Figure 3.55. Original Vision Built proposed panel connection was later adapted for enhanced assembly and disassembly. 

Early design proposals required adaption in terms of volume of steel proposed, with change in focus from 
conventional structural load bearing system to wall cladding system, and rethinking of complexity of assembly 
connections in relation to assembly / disassembly. 
 
Proposed System 
The proposed adapted 2D system involved the following key strategies. 
Material Specification 

 Bio-based material specification 

 Facilitating Re-stages (re-use to recycle) through materiality Low EE EC 

 DfD/A Design for Assembly Disassembly - facilitating Re-stages at all levels in the hierarchy 
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Material Specification 
In the absence of a developed urban mining context or capacity it was decided to focus on bio-based 
materials thus supporting the non-technical circularity cycle as well has associated material benefits - such 
as low embodied energy, low toxicity etc. Following a detailed review of available biobased materials in the 
Irish market, (which highlighted the limited range and notably a lack of Irish or even UK manufacturing of 
biobased products) the following solutions were proposed. Quilt insulation between the 89 mm studs to be 
a bio-based quilt such as hemp or a recycled or enhanced conventional product such as Knauf Ecose, 
(replacing glass or mineral wool quilt). Biobased wood fibre board lining to stud framing such as Pavatex, 
Gutex, Steico (replacing PIR type insulation board). These products were envisioned to also assist with lower 
EE and EC and enabling re-stages notably re- cycling (in comparison to PIR for example). 

 

Figure 3.52 Initial proposals for Irish 2D wall panel showing switch to biobased insulations and boardings and completed wall 
with render finish to cement boarding. 

 

DfD / Building Hierarchy 
Hierarchical DfD has been a key principle and design strategy in the Irish 2D system design which has sought 
to ensure that the 2D panel can be installed and removed in its entirety for potential re-stage application in 
its entirety and wall element level as well as disassembly at lower component and product/material level. 
To facilitate this the team developed the concept of a horizontal construction joint, which was designed to 
facilitate install and de-installation of panels, allowing tolerance and gravity based fixings on steel pins 
(which also provide head restraint). This horizontal construction joint detail, which exists at head and based 
of panels, is a key DfD feature of the Irish 2D system design and in effect becomes a zone for ease of assembly 
and disassembly facilitating the lifting and manipulability of the panels for install (including complex install 
below existing projecting eaves), full access to fixing brackets, avoidance of bolts and reliance of gravity fixing 
and simple head restraint. The impact is a trade-off between this construction zone having some material 
impacts on disassembly but with the panel having zero impact at wall element disassembly level, thus 
optimising DfD / circularity at higher level in the construction. 
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Figure 3.53 Hierarchical levels of DfD design and assessment undertaken in the Irish 2D system showing panel in green and 
DfD enabling horizontal construction joint in brown. 

 

 

Figure 3.54  DfD Strategy – Horizontal Construction Joint Detail for Irish 2D System. 
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Proposed 2D Wall Panel System Specification 
 25mm Steico Flex with Neoprene gasket surround to avoid thermal looping 

 89mm light gauge steel channels / studs forming frame 

 Knauf Ecose Frametherm Roll 32 insulation between studs / channels 

 40mm Steico Universal wood fibre board 

 Rothoblass Vapour IN120 Breather membrane 

 25mm vertical timber battens forming cavity 

 12mm Permabase cement board 

 Ceresit CT74 acrylic render with CT16 priming paint 

 

 
Figure 3.55  Updated Irish 2D panel design 

 
The Irish demonstrator has developed a new high-performance circular and modularized 2D wall façade 
cladding system and an enhanced 3D modularized pod (wall, floor & roof) system from an existing 
conventional modularized metal framing system. To achieve this goal the team have focused on the 
following key design aspects. 
 

 In the absence of a developed urban mining context – a bio-based focus on material selection has 
been undertaken, notably for insulations and boarding. 

 Ecological material specification including low EE and low EC materials, and including material 
reduction where possible – notably in extent of steel sections used in panels. 

 Design for Disassembly at all levels in the 2D and 3D modularized systems has been integrated and is 
being tested in the mockup test panels. 

 Design for re stages – reusability, re manufacture, recyclability etc. 
 High thermal performance to achieve advanced U values and avoid thermal looping at junction to 

existing. 
 Off-site modularised construction. 
 Robust thermal and weather tight details for Irish context. 

 High aesthetic quality, considering the end user preference and existing streetscape.
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Figure 3.56  Irish mock-up test panel details showing key horizontal DfD detail with tolerance and movement / access zone. 

 
The Irish demonstrators have begun testing with the mock-up being manufactured in the Vision Built factory 
in Galway, which will then be transported to Sligo for erection and assessment. The intention is to mount 
all panels, then take one down, disassemble, reassemble and then re-erect to test DfD. The panels & install 
site have all been designed to replicate the conditions of the full case study properties. The test panels will 
be erected in the coming weeks, with the intention of demonstrating the circular design principles developed 
as well as offering the local authority and end users an opportunity to review the finishes & junctions applied 
to the system. 



                                                                                                                             
 

 
 

H2020 DRIVE 0_841850_WP2_Task 2.3                                                  67 

 

 

Figure 3.57  Irish mock-up locations. 
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Figure 3.58   Presentation of Material & Status of Current Test Wall Panels. 

 
3.4.5 Circularity assessment 
 

As part of Task 2.3, a range of circularity assessments were undertaken on the proposed Irish 2D system 
with bio-based materials in comparison to a conventional EWI system involving i) a material EE and EC study, 
ii) a DfD reversibility study which attempted a levels based assessment (adapted by the Irish team to align 
with their hierarchy), and iii) a multi cycle circularity study. 
 

Material EE EC (CO2) 
The proposed Irish 2D wall system was assessed for EE and EC in comparison to a conventional EWI wall 
system as follows, which indicates a significantly higher EE and EC for the 2D modularised system than an 
conventional EWI system with poor DfD. 
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Table 3.14 Level of circularity Irish conventional EWI System vs 2Dmodularised Wall Panel System. 
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Table 3.15  Level of circularity Irish conventional EWI System vs 2Dmodularised Wall Panel System. 

 
DfD Reversibility - Irish System – EWI system 
The Irish 2D system was assessed under its three levels of construction hierarchy and against a conventional 
EWI system. For the 2D modular system the results indicated highest DfD at element level 1 0.8 compared 
to 0.67 at component level 2 and 0.86 at product and material level 3 (for both panel and horizontal junction) 
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Table 3.16. reversibility  Irish 2D Modularised Drive 0 Wall Panel System. 
 

 
 

Irish 2D Modularised Drive 0 Wall Panel System 

Major Element Level 1 1 1 1 1 1 0.80

score

1. Main 2D Panel 1 1 1 1 1 0.90

Panel to Existing Wall Connection 

Type of connection 1 1 1 1 1 1.00 Dry connection

Accessibility of connection 1 1 1 1 1 0.80 Accessible with actions that don't cause damage

2. Horiz Const Junction 1 1 1 1 1 0.70

 Intermediary Construction  Junction

Type of connection 1 1 1 1 1 1.00 Dry connection

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

Component Level 2 1 1 1 1 1 0.67

1. Panel to Panel Vertical 1 1 1 1 1 0.70

Connection between panels vertical

Type of connection 1 1 1 1 1 1.00 Dry connection

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

2. Panel to Horz Const Junction 1 1 1 1 1 0.70

Connectionto horiz access junction 

Type of connection 1 1 1 1 1 1.00 Dry connection

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

3. Panel to Window 1 1 1 1 1 0.60

Connection to window component

Type of connection 1 1 1 1 1 0.80 Screw connection

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage
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Product & Material Level 3 1 1 1 1 1 0.86

PANEL score toelichting

Acrylic Render 1 1 1 1 1 0.78

Connection to cement board

Type of connection 0 0 0 0 0 0.10 Cement bound connection

Accessibility of connection 1 1 1 1 1 1.00 Freely accessible

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Cement Board 1 1 1 1 1 0.90

Connection to battens

Type of connection 1 1 1 1 1 0.80 Screw connection

Accessibility of connection 1 1 1 1 1 0.80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Timber Battens 1 1 1 1 1 0.90

Type of connection 1 1 1 1 1 0.80 Screw connection

Accessibility of connection 1 1 1 1 1 0.80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Breather Membrane 1 1 1 1 1 0.75

Type of connection 1 1 1 1 1 0.60 Pin connection

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Woodfibire Board 1 1 1 1 1 0.90

Type of connection 1 1 1 1 1 0.80 Screw connection

Accessibility of connection 1 1 1 1 1 0.80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Metal Stud 1 1 1 1 1 0.90

Type of connection 1 1 1 1 1 0.80 Screw connection

Accessibility of connection 1 1 1 1 1 0.80 Accessible with actions that don't cause damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Insulation 1 1 1 1 1 1.00

Type of connection 1 1 1 1 1 1.00 Dry connection

Accessibility of connection 1 1 1 1 1 1.00 Freely accessible

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Backing Strip and Gaskets 1 1 1 1 1 0.75

Type of connection 1 1 1 1 1 0.60 Pin connection

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing
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Conventional EWI System 
This compares to a significantly lower DfD scores for the EWI system at all levels with 0.45 Element Level 1, 
0.45 Components Level 2 and 0.71 products and materials level 3. The latter is rather surprising but it likely 
due to the significantly lower number of material and products in the EWI System compared to 2D system. 

 
  

HORZ CONST JUNCTION 

Alumin Cover Panel 1 1 1 1 1 0.95

Type of connection 1 1 1 1 1 0.80 Screw connection

Accessibility of connection 1 1 1 1 1 1.00 Freely accessible

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Membrane 1 1 1 1 1 0.75

Type of connection 1 1 1 1 1 0.60 Pin connection

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Insulation 1 1 1 1 1 0.85

Type of connection 1 1 1 1 1 1.00 Dry connection

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing
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Table 3.17. reversibility Irish Conventional EWI System. 

 
 
Multi Cycle Circularity Assessment 
A comparison of the 2D wall panel to EWI system indicates a higher level of potential application to the ‘re-
stages’ re-use, re-manufacture, re-cycle in the 2D wall panel but with significantly more parts and products. 

Table 3.18. Multicycle circularity 2D Wall Panel. 

 
 

  

Irish Conventional EWI System 

Major Element Level 1 0 0 0 0 0 0.45

score

1. EWI System 0 0 0 0 0 0.45

Connectionto existing wall 

Type of connection 1 1 1 1 1 0.80 Connection with added elements

Accessibility of connection 0 0 0 0 0 0.10 Not accessible - irrepairable damage to objects

Component Level 2 0 0 0 0 0 0.45

1. EWI to Window 0 0 0 0 0 0.45

Connection to window

Type of connection 1 1 1 1 1 0.80 Connection with added elements

Accessibility of connection 0 0 0 0 0 0.10 Not accessible - irrepairable damage to objects

Product and Material Level 3 1 1 1 1 1 0.71

score toelichting

Acrylic Render 1 1 1 1 1 0.63

Connection to Insulation

Type of connection 0 0 0 0 0 0.10 Hard chemical bond

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing

Insulation 1 1 1 1 1 0.80

Connection to Existing Wall 

Type of connection 1 1 1 1 1 0.80 Connection with added elements

Accessibility of connection 0 0 0 0 0 0.40 Accessible with actions that cause repairable damage

Inclusion 1 1 1 1 1 1.00 Open, no inclusion

Piercing 1 1 1 1 1 1.00 No piercing
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Table 3.19  Multicycle circularity Conventional EWI. 
 

 
 
Commentary and Critique 
The progression from a nonhierarchical DfD assessment in previous tasks (6.1 and 3.3) to a levels based DfD 
assessment in Task 2.3 is very welcome. However, the issue of language and terminology remains a cause of 
confusion, with terms and scoring descriptors changing for some indicators, notably ‘Inclusions’ which was 
previously titled ‘Form Containment’ in Task 3.3 (also with a scoring change) and ‘Piercings’ which is not 
defined but based on scoring is closest to Crossings from Task 3.3. (Note that both ‘Form Containment’ and 
‘Crossings’ are based on Durmisevic work, which she titles Geometry of Product Edge and Functional 
Dependence accordingly. As such the Irish team referenced back to Task 3.3 and Durmisevic to interpret and 
use the DfD scoring matrix in this task. However, the scope of indicators of circularity itself and by extension 
it precise definition remains an issue within Drive 0, with assessment being based on a very narrow range of 
indicators for both DfD and Circularity. This study, like the previous in Task 2.3, has shown that the system 
is significantly higher in initial EE and EC than a conventional EWI system, but this does not take into account 
recurring EE and EC caused by lower entry in the ‘re stages’ for the EWI system which incurs allot of damage 
in disassembly with materials going to waste or recycle at best. A more holistic EE and EC assessment would 
be needed to critically compare the two systems over their life time. TUDublin have been engaging and 
debating this issue since the inception of the project and are in the process of developing a more enhanced 
DfD assessment of the mock up test panels, which will include observation recording of impacts in relation 
to manufacture, installation, de-installation, full disassembly and re-assembly and re-installation. This 
includes an expanded scope of categories and range of indicators for DfD drawn from literature review. 
 

  
Figure 3.59 Daly P – Conceptual diagram showing expanded scope / categories of DfD indicators drawn from literature review in 
comparison to Drive 0. 
  

Urban Mining & Materials Origin

Assumed lifetime 

of material 

(years) End of life strategy

Assumed 

remaining lifetime 

after reuse 

(years)

Acrylic Render Non-biobased virgin materils or products made from non-biobased virgin materials 35 years Not modifiable/not recoverable ?

Insulation Non-biobased virgin materils or products made from non-biobased virgin materials 35 years To be recylce ?

Fixings Non-biobased virgin materils or products made from non-biobased virgin materials 35 years To be reused ?

MULTI-CYLCE CIRCULARITY IRISH Conventional EWI

Type of input Type of output

WHAT 
(Physical) 

HOW 

Drive 0 Scope 

Some Technical 

Limited Material 
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 Medianera 
The proposed façade system consists of three parts (Figure 2.8). 

 PV Panels: Photovoltaic panels (modular 1x2m), aluminum profile, anchor plate, fastener for 
mineral wool, mineral wool, waterproofing membrane. 

 Opaque Cladding: Fiber cement cladding, aluminum profile, anchor plate, fastener for mineral wool, 
mineral wool, waterproofing membrane. The intention for the cladding is an application of urban 
mining or other reuse strategy, but has not been successful so far in identifying a suitable source. 

 Green Facade: Soil of plants, plants, geotextile cultivation, geotextile support, recycled polystyrene 
panel, aluminum profile, anchor plate, fastener for mineral wool, mineral wool, waterproofing 
membrane (Figure 2.9). 

 

 
Figure 3.60. The proposed façade system 

 
Figure 3.61 The proposed façade system details: green wall, PV panel and cladding. 
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Three types of panels (PV panels, fiber cement panels, green wall) are aligned in a modular system. The 
dimensions of each panel are 1x2m. For connection of the panels to the wall, the aluminum profile and steel 
anchor plates are used. The anchoring system for ventilated facades from local manufacturer (Sistema Masa) 
is seen in the details (Figure 4). With the clip-profile, the system allows an ideal assembly performance by 
not requiring screws to fix the plates. The system has versatility and quick assembly possibilities. It allows 
the different arrangement of vertical profiles. 
 

 
Figure 3.62. The clip-profile anchoring system. 

 
For the airtightness of the ventilated façade, polypropylene waterproofing membrane by Knauf Insulation 
(Homeseal LDS 0.02 UV) and for the thermal insulation, mineral wool by Knauf Insulation (Smart Façade Rock 
35) is considered. They have low environmental impact and are suitable for ventilated façade. Based on the 
inventory (chapter 2) it is indicated which circular concepts and methodologies are applied for the developed 
facade. The general concepts and design methodologies of the developed facade for medianera are to 
minimize the total energy consumption and environmental impact of a building during its lifecycle (related 
to the embodied CO2 (ECO2) emissions), to have process of transforming facade products or dismantling the 
system, products and materials without causing damage (related to the design for dissassembly, 
reversibility), to use materials for possible future service (related to re- usability potential), to add natural 
skin to facade (correspond to the approach biobased, eco-design, biomimicry). 
 
Related to the Urban Mining & Materials Origin concept, secondary raw materials through Symbiosis, local 
company dedicated to industrial symbiosis and leading the Scrap Store project in the 22@ neighborhood of 
Barcelona, an innovative approach is considered for the project in order to promote to reuse of materials and 
minimize waste. So far, a suitable product has not been encountered. We have also tried to obtain reusable 
cladding products from industrial providers (from their stock of manufacturing), however the providers were 
not able to assure the performance of their material if stored for longer, which is definitely a barrier for this 
kind of strategy. 
 

 It has become crucial to understand the capacity of building to transform a negative 
environmental impact of built environment to a positive one. Circular facade designed with 
concept of disassembly, reversibility open opportunities to facade system, products and materials. 
The initial design idea was to easily disassemble the façade and consist of modular prefabricated 
panels. Thus, this design idea that can guarantee high reuse potential of the products of facade. 
Following, in order to design reversible facade, some requirements were taken into account: 
Accessibility of facade (for maintenance), modular of system, reuse of products and recycled 
materials. Also, the system can offer extensive benefits with the integration of photovoltaic 
modules and green wall plant panels. 

 

 Note: We could not reach the examples to see subsection 3.1.2 to 3.1.6. 
 

 There are three excel lists to assess circular development of the façade system. 
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Table 3.20. Embodied Energy [EE] & Embodied CO2 [E CO2]: T2.3_Assessment_EE_ECO2_05012022 available in MS Excel. 

 
 

 
 

 

 

 

 

Total Embodied Energy (MJ) and Embodied CO2 (kgCO2) for 3 claddings with the reference to the element of 
the ICE inventory were calculated. Total EE is 340295 MJ, ECO2 is 25092 kgCO2. Results showed that the part 
of green wall had the highest embodied energy and embodied CO2 content – due to the amount of product 
and materials. 
  

Energy (MJ/kg) Density (kg/m³) Volume (m³) [kgCO2/kg] EE (MJ) E C02 (kg) ICE database

Photovoltaic panel 75 units 28 32,59 150,00 1,35 136878,00 6599,48 BEDEC (KGE1N222),                                     https://itec.es/banco-precios-bedec/materiales/modulo-fotovoltaico-colocado-ekge1_01/

Profile 29 2700 0,18 1,81 14094,00 879,66 General Aluminium

Anchor plate 53,1 7800 0,004 1,46 1656,72 45,55 General Steel

Waterproofing membrane 95,4 160 0,15 4,98 2289,60 119,52 Polypropylene

Mineral wool 16,6 600 1,50 1,28 14940,00 1152,00 Minarel Wool

TOTAL 169.858,32                    8.796,21              

Energy (MJ/kg) Density (kg/m³) Volume (m³) [kgCO2/kg] EE (MJ) E C02 (kg) ICE database

Fiber cement cladding 10,4 350 1,20 1,09 4368,00 457,80 Fiber cement panels

Profile 29 2700 0,09 1,81 7047,00 439,83 General Aluminium

Anchor plate 20,1 7800 0,002 1,46 313,56 22,78 General Steel

Waterproofing membrane 95,4 160 0,08 4,98 1144,80 59,76 Polypropylene

Mineral wool 16,6 600 1,00 1,28 9960,00 768,00 Minarel Wool

TOTAL 22.833,36                       1.748,17              

Energy (MJ/kg) Density (kg/m³) Volume (m³) [kgCO2/kg] EE (MJ) E C02 (kg) ICE database

Soil of plants 0,45 1466 0,70 0,02 461,79 20,52 Soil, common

Airpot planter (recycled plastic) 78,1 970 0,70 2,08 53029,90 1412,32 Recycled plastic                                              (Low density)

Metal mesh 36 7800 0,01 3,02 1684,80 141,34 Steel wire

Galvanized steel water canal 20,1 7800 0,01 1,46 1567,80 113,88 Galvanized steel

Profile 29 2700 0,04 1,81 3132,00 195,48 General Aluminium

Anchor plate 20,1 7800 0,001 1,46 156,78 11,39 General Steel

Waterproofing membrane 95,4 160 0,08 4,98 1221,12 63,74 Polypropylene

Mineral wool 16,6 600 0,7 1,28 6972,00 537,60 Minarel Wool

TOTAL 68.226,19                       2.496,27              

Layer 2

EMBODIED ENERGY / C02   MEDIANERA

Layer 1

Layer 3

                                         Surfaces (m2) EE (MJ) Ec02 (kg)

Layer 1                              150 169.858,32                 8.796,21                          

Layer 2                              100 22.833,36                   1.748,17                          

Layer 3                               70 68.226,19                   2.496,27                          

TOTAL EE                           324 m2 260.917,87                 13.040,65                       

EE / EC02   MEDIANERA
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Table 3.21. Design for disassembly, reversibility: T2.3_Assessment_DfD_Reversibility_05012022 available in MS Excel. 
 

 
 

 
Product and system level of demount ability is assessed with type and accessibility of connections, type of 
connections and form containment. Panels are assembled with connection with added elements. They are 
connected to aluminum profile with metal connectors (anchor and screws). The fiber cement claddings are 
assembled with click connection. These claddings have freely accessible for maintenance. The accessibility of 
supporter and insulations materials will be with additional actions with that don't cause damage (or 
reparable damage). 
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Table 3.22  Urban Mining & Materials Origin, Re-usability: T2.3_Assessment Multi-cycle Circularity_05012022 

available in MS Excel. 

 
 

Some materials on the facade have recycled content: Fiber cement, mineral wool, recycled polystyrene panel. 
Fiber cement panels have 90% post-consumer recycled content. The recycled content (pre- consumer) of 
mineral wool is 40%. In the part of green wall, soil of plants and geotextile cultivation layers are considered 
as bio based virgin materials. Expected lifespan of products is 30 years for external wall systems, cladding in 
facade according to JRC Technical report-Level(s) indicator 2.1: Bill of Quantities, materials and lifespans. 
Their lifespans are considered as facade products. If it is considered as a level of material, they would have 
longer lifespans. For instance; the lifetime of steel is 40 years or soil of plants is over 80 years. The remaining 
lifetime after reuse is assumed similar for metal materials. For the other materials, it is assumed that the 
service life and quality decrease at a certain value. The information sources are noted down in the Excel file. 
Eco-design: Indication of percentage bio based materials applied. 
 
The weight of circular facade is 18865 kg. It has 150 m2 PV panels, 100 m2 Fiber cement panels, 70 m2 Green 
wall panels, in total it has a surface area of 320 m2. Green wall panels with bio based materials has 7740 kg. 
It is 41% of the whole facade. 
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4 Conclusions and outlook 
 

 Conclusion and discussion 
 

4.1.1 WEBO – The Netherlands 
The main goal of this study is to lower the embodied energy and CO2 of existing façade systems on a material 
level and parallel to lower the operational energy on a building level. This has led to the main question: How 
can we make the WEBO standard more circular. 
 
To accomplish the main goal we developed (parallel to the WEBO standard) a ventilated façade element 
(DRIVE 0), out of local re-used materials with a high potential on (multicycle) re-use. To answer the main 
question we reflect from three strategies; Urban mining (one cycle) re-use and reversibility (multicycle re-use) 
and biomimicry (lower sun impact). No conclusions can yet be drawn from the biomimicry strategy aimed at 
operational energy reduction. 
From the Urban Mining strategy, only materials with a high re-use potential are selected, aimed at energy 
reduction and CO2 emissions during the production of materials. Since virgin wood and glass(fiber) has been 
used in the WEBO standard, only these two materials will be analyzed for the DRIVE 0 variant. Out of Re-use 
potential on those two materials we can conclude that: Local purlins from roof construction have better re-
use potential than (window) glass, because it’s 14 times more available in region Parkstad, it’s more easy to 
separate from other materials, reprocess of wood leads to lower embodied energy than recycle of glass (r- 
strategy), it can be transformed to more different façade applications (construction, insulation and cladding). 
By calculating we proof that the theoretical DRIVE 0 facade element is more environment friendly in 
producing than the WEBO standard. The theoretical DRIVE 0 variant requires 1,317.6 MJ less embodied 
energy and 45.35 KG less CO2 emissions compared to the WEBO standard. This difference is caused by the 
different choice of materials for the facade cladding and construction (new wood for WEBO as standard 
versus recycled wood for DRIVE 0) and insulation material. 
The study on energy consumption and CO2 emissions during the production of materials (one cycle re-use), 
shows that the WEBO standard is more circular by: 

 Re-use local purlins as construction material and facade cladding, instead of opting for new wood. 

 Maximum reduction of embodied energy and CO2 in the transformation of reused purlins into facade 
element this can be achieved by re-use as much as is (design research). 

 Reduce energy and CO2 by using wood fiber insulation instead of Glass wool. 
 
Out of technical detachability (at element level and material level), we can conclude that the following: 

 At element level (End of life), the WEBO scores 1.2 points higher than the WEBO 2.0 by default and 
the DRIVE 0 scores another 0.7 points higher than the WEBO 2.0. Differences caused by degree of 
prefabrication, connection type and accessibility of connection. 

 At the material level (end of life), the WEBO 2.0 scores 0.7 point higher than the WEBO standard 
and the DRIVE 0 scores another 0.4 point higher than the WEBO 2.0. Differences caused by 
connection type and connection reachability. 

 At the material level (maintenance), the WEBO scores 1 point higher than the WEBO 2.0 and the 
DRIVE 0 scores another 1 point higher than the WEBO 2.0. Differences caused by the type and 
accessibility of the connection of facade cladding and the extent to which materials enclose each 
other. 

 
Of the study on reversibility (multicycle re-use), the WEBO standard can become more circular by: 

 Dividing the facade structure into 2 prefab parts that are flexibly connected to each other and can 
be transported independently of each other, enabling reuse and interchangeability at element level. 

 To improve the connection type and accessibility of the connection in terms of technical reversibility, 
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so that reuse of materials takes less time and energy. 

 Promote the individual replaceability of facade cladding, by preferring a dry clamp connection over 
a nail connection or screw connection. 

 To obtain a longer lifespan of facade cladding by means of thermal preservation and full ventilation 
instead of painting continuous rebate parts. 

 The results shows that the DRIVE 0 scores highest on both strategies; urban mining and 
reversibility. It is also important to consider the integration of the three strategies, as a circular 
facade element. To make this clear, we make a distinction between the 1st skin and the 2nd skin 
and we look at the differences between the WEBO standard with rebate and the DRIVE 0 at 
element level. 

 
In the 1st skin (construction insulation covering) the DRIVE 0 differs from the WEBO standard on the 
following points: 

 One-cycle re-use (recycled wood vs new wood and wood fiber insulation vs glass wool). 

 Multicycle re-use (prefabrication, type and accessibility of connection). 
 
The combination of prefabrication, dry connection with the harvested purlins causes an enhanced effect in 
terms of circularity. The one-cycle re-use is included in the multi-cycle re- use. By calculating the EE from 
cradle to cradle and thereby giving weight to the detachability, the degree of circularity can be 
demonstrated more completely. This would be a more comprehensive approach in the future for 
demonstrating the degree of circularity between different facade systems for renovation construction. 
 
In the 2nd skin (slats - H20 plates - facade planks) the DRIVE 0 distinguishes itself from the WEBO standard 
in the following points: 

 Urban mining (material level) (recycled wood vs new wood). 

 Reversibility (product level) prefabrication, type and accessibility of connection). 

 Biomimicry (air movement, choice of materials). 
The connecting element between facade cladding and H20 plates is a smart one. The design of this 
connecting element causes a fusion of all the above strategies. It slows down the aging process through 
maximum ventilation. It provides improved detachability of facade cladding and better accessibility for 
underlying connections. It ensures the ventilation of solar heat behind the outer wall shell. 
 
Lessons learned 
When making an inventory of available purlins, the short-term demolition offer from the Parkstad region 
turned out to be very limited. Despite the fact that we needed relatively few purlins for the WEBO 2.0 facade 
fragment of the mock-up, we unsuccessfully approached many housing associations that had purlins 
available at short notice from demolished homes. It is especially important when scaling up that a database 
is created that is linked to a multi-year maintenance plan for housing associations in the Parkstad area. When 
it eventually turned out that a suitable batch of purlins had become available, they turned out to have been 
placed with the waste by the transporter. At that moment we were again empty-handed. A lesson that we 
also take with us is that the construction world still often acts on the basis of a linear process. In the end we 
bought a batch of purlins that were suitable from a used building materials dealer in Weert. From a sales point 
of view of this trader, metals were hammered under the wood, making the separation of materials at WEBO 
even more labor- intensive. As indicated earlier, it turned out that 40% of the wood could not be used due 
to contamination from metals. This percentage is expected to be lower if purlins directly from demolished 
houses are used. 
In practice, the reuse of local shavings and sawing waste into insulation material turned out to be much more 
complicated than previously estimated. It is important here that the entire wet or dry production process 
must be geared to the manufacture of an insulation product that is fully balanced in terms of density, fiber 
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bonds and composition. This is the only way to obtain good insulation values and a processable product. 
That is also the reason why we have chosen a factory like Gutex that has already gone through this 
optimization at product level. To achieve returns on a larger scale, collaboration with factories such as Gutex 
or Pavatex for scaling up would be a possible choice. At a carpentry factory like WEBO, these kinds of 
specialized production processes for the manufacture of insulation material are too far from their core 
business to invest in them. In terms of planning, budget and collaboration with partners, we have learned to 
approach the development of a circular facade fragment in the same way as a complete building. Even 
though this is at element level, drawings must still be provided at specification level, a concise specification 
must still be written. In terms of complexity, it is comparable to a building, only on a different scale. The 
dependence on third parties and suppliers, the material availability of recycled materials has led to a lot of 
delays. The Mock-up was eventually delivered 8 months later than originally planned. 
Furthermore, due to practical limitations, we also had to make concessions in the field of technical 
detachability and the proportion of recycled wood. This is also clearly reflected in the results of the 
theoretical DRIVE 0 variant presented in chapter 3.1.7 assessment of circularity in comparison with the WEBO 
2.0. The DRIVE 0 variant in chapter 3.1.7 scores better on EE and ECO2, but also on technical detachability, 
compared to the WEBO 2.0 executed in mock-up. 
 

4.1.2 TIMBECO _Estonia 
The main goals of our study was to re-design our standard façade elements to be more circular and find 
ways to improve Design for Disassembly. The design to be more circular included using finger jointed timber 
where it was possible. Main frame of the insulation element is 45x145 mm timber. Main frame was made 
from standard C24 structural timber because 45x145 finger joint timber was not available. Horizontal 
wooden slats (45x45 mm and 45 x95 mm) were replaced with finger-jointed lumber to increase the use of 
remanufactured materials. Our standard gypsum based wind barrier is replaced with rockwool wind barrier 
that is easy and fast to install in factory. Rockwool board is used as a winds barrier because of the 
hydrothermal properties (high thermal resistance and vapor permeability). The use of gypsum board with 
paper or timber- based boards (e.g. OSB, plywood) were excluded as their thermal resistance is low and 
mould growth sensitivity is high. The Design for Disassembly included using screws instead of nails where it 
was possible and designing the prefabricated elements so that they are detachable and reusable with little 
reconstruction of the façade elements. Two different row house architectural plans were made from the 
existing façade elements. New balconies are made so that all the connections are with bolts or dry 
connections and are easy to disassemble. Urban mining was also implemented through reusing the existing 
roof cover from the demo case on a farm house in Estonia. About 90% of the existing roof cover was reusable. 
Some of the windows from the demo case were reused in other buildings such as existing houses, garden 
houses. Removed concrete was crushed and reused to make new concrete for the pavement around the 
demo case. The removed heating and water pipes will be made to bicycle stand and some of the larger pipes 
will be used as fence post in a farm house in Estonia. 

 
4.1.3 ALIVA - Italy 
The main target of this study was to develop a radically new concept to implement a prefabricated façade 
system on existing buildings, previously fitted with facades realized with traditional techniques (etics or no 
insulation), and to make it with a circular modular solution. The solution developed will allow the building 
to be fully in use during installation and is applicable to every type of building, from modern to historically 
relevant ones, protected by specific laws and regulations in Italy and in Europe. 
The design for disassembly strategy have been applied using dry and reversible connectors between every 
key component of the system. Circularity design principles have been applied in the choice of materials and 
components, but we feel that more development will allow to make the product more sustainable, circular 
and with better performances in terms of EE and EC impact. Further strategies like urban mining and deep 
reversibility will be applied in the near future, plus cradle to cradle EE and EC analysis could better show and 
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demonstrate the sustainability of the façade system, considering its extended design life compared to 
traditional solutions. 

 
4.1.4 Vision Built - Ireland 
Based on this study we can see that the Irish system has applied circularity design principles to adapt and 
enhance an existing light gauge steel framing system into a pre manufacture modularized 2D wall cladding 
panel. Key design strategies incorporated have been circular material specification (bio-based, low EE/EC, low 
toxicity, ‘re-stage’ potentiality etc. and DfD applied in a hierarchical framework in accordance with ISO 20887. 
Circularity assessments under 3.3 showed limitations and weaknesses in the method with an assessment 
biased to DfD connectivity with low weighting to bio-based materials and the alternative bio cycle of 
circularity, and questions raised about availability and applicability of EE EC Data and that the Irish system 
performed worse in EE EC terms to conventional EWI given the type and mainly number / amount  of 
products being used. A welcome development in this task 2.3 circularity study has been a step toward 
assessing at various levels in a construction hierarchy, although terminology is nonstandard and confusing. 
The Irish 2D system has attempted to implement a bio-based specification where possible and apply DfD 
design principles at all levels in the construction hierarchy. A particular feature of this has been the 
development of a horizontal construction junction detail facilitating advanced Element Level 1 DfD as well 
as advanced DfD at lower levels, which the Task 2.3 assessments have also indicated. However, the DfD 
assessments remain very simplified with a focus on connections and ignore many other important factors 
and indicators. Given same TUDublin are engaged in an enhanced DfD assessment of the mock up based on 
some 30 indicators under five categories, drawn from literature review, which is hoped will provide further 
clarity and insight to DfD design and assessment. 
 

4.1.5 Medianera - Spain 
In overall, the study (circularity and EE/EC) is carried out about the Medianera wall elements. The circularity 
assessment has indicated the circularity (DfD and to some degree material), advantages of the modularized 
system with some bio based material and material with recycled content solutions. 
According to the renovation plan, the EoL strategy for components are defined mainly as Design for 
Disassembly, and for reusability and simple maintainability. Also it counts with material level strategies, such 
as high recycled content (fiber cement panels), bio based (some green wall components). For the PV panels 
preference, as a circular approach the efficient mass production, reduced material use, material 
substitutions and new higher-efficiency technology are considered. Also, the environmentally preferable 
approach of PV panel is to repair a potential end-of-life panel and make it fit for reuse. A large but standard 
PV panel module is selected in order to increase efficiency and costs. This facade solution has been 
developed to eliminate building waste throughout its life cycle and to have dry joints. It has a significant 
potential due to its quick assembly. A considerable attention was put to the potential business model of this 
combination of technologies. A simple resume would be, that the PV installation provides a very good base 
for a successful and feasible business model for a single investor or for an energy community, in both cases 
with advantages to the building users and/or owners. The current advantages of such a solar installation in 
Spain allow to finance also the green wall, although this possibility is of course limited and depends on each 
case. All this assuming that we are speaking about a correct solar orientation for solar energy production. 
The green walls as such are not economically feasible, but provide advantages that cannot be achieved easily 
in a different way, such as renaturation of the city, biodiversity, positive impact to the air quality and others. 
The main issue encountered is the maintenance cost. Both PV installation and green walls need regular 
maintenance, which becomes expensive especially in building with difficult access, many time the case of a 
“Medianera wall”. This aspect is still being developed by the project team. It is important to comment that 
all the effort done to make the connections disassemble does not help in this sense, given that the main issue 
and cost is caused by the access itself, which will affect the disassembly costs at the end of life as well. This is 
an issue we suggest studying further at the consortium level. 
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  Impact 
 

4.2.1 Embodied energy and embodied carbon 
Despite none of the innovated prefabricated 2D building envelope elements are not yet considered 100% 
circular, the development of the five 2D elements showcases that the environmental impact can be 
substantial reduced following a well-structured and dedicated innovation process. The reduction of the 
environmental impact is indicated by lower quantities of embodied carbon and an improved design for 
disassembly reflecting a higher re-use potential of building materials and components. 
 
Figures 4.1 and 4.2 presents the embodied energy and embodied carbon improvements achieved between 
the baseline and the innovated 2D elements. Note that there are differences in reference area of the façade 
element between the systems developed, depending on dimensions of the calculated surface area. The 
baseline situation reflects the current market solution and het new situation indicate the innovated 2D 
building elements . Because of a different set of circularity indicators selected the embodied energy and 
embodied carbon of the Spanish and Italian system were not calculated. Remarkable is the progress of the 
Netherlands, which almost halved the EE and EC02 with their new developed Drive 0o element comparing 
to the baseline. Also the innovated Estonian 2D element lowered 19% of the embodied energy and 52% 
embodied carbon. The Irish system is in this not a fair comparison, because they compared with an 
alternative façade system. 
 

 
Figure 4.1. Comparison of EE between current market solutions and new developments in different countries. 
 
 

 
Figure 4.2. Comparison of ECO2 between current market solutions and new developments in different countries. 
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4.2.2 Technical reversibility. 
In Figure 4.3 an overview can be found were the baseline and innovated 2D elements are compared on 
technical reversibility on end of life scenario and maintenance. The baseline refers to the current market 
solution and het new situation are the innovated 2D building elements . As explained in chapter 3 the scores 
are on a scale between 0 and 1. The score 0 is the lowest (hard chemical connection with a inaccessible 
connection) and 1 is the highest score (dry connection that is full assemble) related to reversibility of the 
connection (end of life scenario). During maintenance we focus beside connection also on the composition 
of the elements and products, where crossings layers and inclusion effects the score between 0 and 1. As 
we can see in Figure 4.3 the scores of current market solutions scored relative good. Most of the innovated 
2D elements improved the reversibility score (closer to 1). That means that the lifespan of elements and 
materials more easily can be extended to several technical loops in the future.  
 

Figure 4.3. Comparison of reversibility between current market solutions and new developments in different countries 
 
. 
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Figure 4.4. Realization of the mock-up for testing in different countries 
 

 Future research 
Future research and development should focus on alternative designs to advance the development of 
circular deep-renovation technologies. From a holistic and systemic approach a key strategy to arrive at fully 
circular deep-renovation solutions is to apply a ‘tectonics of avoidance’ approach. This means that at the 
building level reduction and production measures – insulation versus renewable energy generation – need 
to be balanced with the purpose of optimal material application3. As a second key strategy is to increase the 
application of bio-based material such as hemp insulation and wood not preserved, improved or altered by 
the use of a chemical agent. 

  

                                                           
3 See for example Ritzen, M. J., Haagen, T., Rovers, R., Vroon, Z. A. E. P., & Geurts, C. P. W. (2016). Environmental 
impact evaluation of energy saving and energy generation: Case study for two Dutch dwelling types. Building and 
Environment, 108, 73-84. 
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