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Various authorities identify the circular building strategy as the best way to reduce the 
environmental impact of the building sector. The EURECA project aims to develop a circular 
facade system for the renovation of high-rise buildings. The circularity of the facade systems 
proposed within the project should be evaluated in an objective manner. Current circularity 
assessment methods exist, however, they appear unfit to evaluate facade systems at an early 

design stage. Based on the analysis of existing assessment methods a new circularity assessment 
method is developed. The developed method allows to measure the circularity on element level 
with a limited amount of required information, allowing early stage decision-making. The 
method considers the parameters recycling, environmental cost, expected service life, 
component dependency, layer dependency and flexibility for reuse. The method is tested on four 
facade renovation systems: standard ETICS, circular ETICS, ventilated facade with rigid 

insulation and ventilated facade with flexible insulation. The circularity of each system can be 
represented by a radar chart, giving the score per parameter, or by a single score. In addition to 
the circular aspect, the financial aspect is added in the evaluation of the facade systems by using 

the Pareto front method.  

1. Introduction 

1.1. Context 

Population growth and the rapidly changing demands of society require a continuous stream of new 

buildings. In Europe the building sector is responsible for half of all energy use, 40% of all greenhouse 

gas emissions, half of all raw material extraction and a third of all water use [1]. These astounding 

numbers show the need for a shift in our way of building. Various authorities identify the circular 

building strategy as the best way to move forward and reduce the environmental impact of the building 

sector. The circular building strategy is the translation of the circular economy to the building sector.  

 The recognized urgency to move towards a circular economy is positive, but also results in a certain 

level of confusion [2]. A study by Kircherr et al. shows there are over 114 definitions of the circular 

economy [3]. Most of these definitions refer to a combination of reduce, reuse and recycle activities. 

This broad comprehension of the circular economy illustrates the numerous aspects it entails, making it 

difficult to define what exactly a circular product is and how to know which aspects to focus on. Applied 

to the building sector this results in the question ‘what criteria must a building meet in order to be 

considered a circular building’?  
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 Different methods to measure the performance of a building on circularity exist. These assessment 

methods allow to objectively compare the circularity of different building solutions and facilitate the 

practical implementation of the circular building strategy. Within each assessment method different 

aspects of circularity are quantified; each method has a set of circular parameters on which the building 

solutions are scored. 

1.2. EURECA project 

EURECA, or Effectively Upscaling the Renovation of Envelopes with a Circular Approach, is a two-

year research project funded by the Flemish government under the Circular Flanders initiative [4]. The 

aim of the project is to develop a circular facade system that is scalable and allows existing high-rise 

buildings to be renovated quickly in a circular manner. Building types with a repetitive facade have the 

greatest potential for this project.  In Flanders, many apartment buildings from the 1960s and 1970s are 

in need of a renovation. These apartment buildings and university buildings with a similar typology are 

interesting for the EURECA project. The facade renovation system will be tested on three case studies: 

two high-rise apartment buildings and a university building. The modular facade renovation system must 

be demountable and should have potential for future reuse in another building. Apart from the Building 

Physics research group of Ghent University, the project consortium consists of Algemene Bouw Maes 

nv, a general contractor, the multidisciplinary research and consultancy agency specialized in building 

techniques Bureau Bouwtechniek and the aluminum constructor De Witte. 

 A decisive factor to evaluate the possible facade renovation systems (different construction methods 

and accompanying materials) on their application potential is their degree of circularity. One system 

may use materials with a low environmental impact but which are connected irreversibly, while a second 

system might have reversible connections and independent layers but requires more materials. To make 

objective decisions regarding the circularity of the different facade systems, their circularity will be 

measured by a circularity assessment method. 

1.3. Objectives 

Different circularity assessment methods exist, such as ‘Material Circularity Indicator’ [5], ‘C-calc’ [6], 

‘Label Circular Building’ [7] and ‘Building Circularity Index’ [8]. However, when analysing these four 

assessment methods no method is completely appropriate to evaluate the circularity of the facade 

renovation systems for the EURECA project. The existing methods often evaluate circularity on 

building level, while for the facade renovation systems an evaluation on element level is necessary. Most 

methods require a lot of detailed information, e.g. specific material properties such as geographica l 

origin. The assessment method for EURECA should facilitate early stage decision-making when only 

aspects such as construction method and general choices of materials for the facade system are known. 

Lastly, many assessment methods also evaluate project specific parameters such as the use of BIM-

models and material passports. Again, these parameters are less relevant for the early stage decision-

making regarding the facade systems. 

 The goal of this research is to develop a circularity assessment method that can be applied for the 

comparison of the different facade renovation systems of the EURECA project. This method will allow 

to make objective decisions regarding circularity on element level, without having the requirement of a 

lot of detailed information or the choice of a specific project. The assessment method is thought out for 

renovation systems, but will also contain interesting information for new build scenarios. Existing 

circularity assessment methods provide very useful information on which parameters and scoring 

systems can be applied when evaluating circularity. This information will serve as a basis for the 

developed method. 

2. Methodology 

2.1. Research steps 

In a first research step, four existing circularity assessment methods are briefly discussed, it is stated 

why the methods are not fully suited for the assessment of facade renovation systems at an early design 
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stage, and which aspects (circular parameters and scoring systems) are useful for the development of 

the new circularity assessment method.  

 Using the insight and information gained from analysing existing methods, the new circularity 

assessment method is developed in a second research step. The circular parameters included in the 

developed method are described and their accompanying scoring system is worked out. The developed 

method is tested on four facade renovation systems: standard ETICS, circular ETICS, ventilated facade 

with rigid insulation boards and ventilated facade with flexible insulation. Subsequently, the method is 

analysed to identify the most objective way to present the results of the assessment. Should circularity 

be represented by a single score, should weighting factors be applied? 

 In reality the financial aspect plays a crucial role when making renovation decisions. Because circular 

building solutions are often considered (too) expensive their practical implementation can be limited 

and linear building solutions can be favoured. In a third and last research step the financial aspect is 

included in the evaluation of the facade renovation systems. This aspect is not part of the circular score, 

but in addition to the circular score, it is a criterion on which the evaluation of the facade systems is 

based. The aim is to identify facade renovation systems that have both a solid circular score and a 

financially interesting profile. A common method to find the optima between two criteria is the Pareto 

front [9,10]. 

2.2. Financial aspect 

To include the financial aspect in the evaluation of the facade renovation systems, the Net Present Value 

(NPV) of each system is calculated. The NPV is the sum of the initial investment cost and the discounted 

future costs occurring over the life span of the building. For the calculations, a real discount rate of 1,8% 

is used [11] and a life span of thirty years is considered. The investment, replacement and maintenance 

phase are taken into account. Construction costs are based on  the ASPEN price dataset, valid for the 

Belgian context [12]. This research looks at the micro-economic level, taking into account costs as paid 

by the end consumer (including taxes). For renovation and replacement works a VAT rate of 6% is used.  

3. Research 

3.1. Existing circularity assessment methods 

Four existing circularity assessment methods are briefly discussed. It is analysed why the methods are 

not completely adequate for assessment of facade renovation systems at an early design stage and which 

aspects (circular parameters and scoring systems) are useful for the development of the new circularity 

assessment method. 

3.1.1. Material Circularity Indicator (MCI). The Material Circularity Indicator (MCI) developed by the 

Ellen MacArthur Foundation measures the circularity of material flows of a product [5]. The parameters 

used to calculate the MCI relate to material properties such as the recycled and reused content, the 

recycling efficiency, fraction sent to reuse and fraction sent to recycling. A detailed bill of materials is 

required to compute the MCI.  

 As detailed insight into the material flows is necessary, the MCI is not appropriate for early stage 

decision-making. The method is suited for optimizing products, allowing companies to identify 

additional circular value of their products and materials. Furthermore, the MCI is not developed 

specifically for the building sector. For the assessment of facade systems a larger focus on construction 

techniques (connectors, layers,…) is desired. 

3.1.2. C-Calc. C-Calc developed by Cenergie, a firm specialized in innovative sustainable energy in the 

building sector, is a tool that measures the circularity of buildings based on the materials used on or 

removed from site (50%), the flexibility of the building for future use or deconstruction (30%) and 

project management (20%) [13].  

 C-Calc is not completely adequate to assess facade renovation systems at an early stage because the 

tool evaluates on building level, contains parameters that require detailed knowledge about the applied 

materials (e.g. geographical origin) and parameters that relate to project management (e.g. material 
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passports). For the eventual facade system used in the EURECA project it is assumed that no reused 

materials are used for the initial construction of the system. However, future reuse of the materials or 

modules of the system should be inherent to the developed facade system. Although the C-Calc 

parameter ‘fraction of reused materials (in initial construction)’ is decidedly a relevant parameter for the 

evaluation of the circularity of building elements, the parameter seems less relevant to distinguish the 

different facade systems of the EURECA project. Future evolutions of the developed method could 

entail the inclusion of this parameter. 

 Parameters used in C-Calc that are interesting for the assessment of the facade systems are: the 

environmental impact, the recycled content and recycling potential of materials, the type of connection 

and the use of independent layers. 

3.1.3. Label Circular Building. Label Circular Building developed by Flemish Construction 

Confederation, VLISOG and BBRI aims to be a guideline for circular construction. Because it allows 

to calculate a score it can also be used to measure the circularity of buildings and building processes [7]. 

Currently only a  Beta version of the tool exists. Label Circular Building consists of a quantitative (60%) 

and qualitative (40%) assessment. The four themes of the quantitative assessment are environmental 

impact (10%), build and design for change (20%), urban mining (20%) and transition (10%).  

 As illustrated by the name, Label Circular Building evaluates circularity on building level. The 

quantitative themes ‘urban mining’ and ‘transition’ are not suitable for evaluating facade renovation 

systems at an early stage because they relate to topics such as building and material information and 

synergy with the environment. 

 The dimensions of construction elements should be modular to enable reuse in other projects and 

should be manageable to ensure easy handling. Within the EURECA project there is a separate research 

on the ‘optimal’ dimensions of the facade system taking into account the easy (de)construction of the 

system and the possibility of reuse on different facades. As with the C-Calc parameter ‘fraction of reused 

materials’, parameters that relate to the dimensions of a system are surely relevant for the evaluation of 

the circularity of building elements but are less useful for the developed assessment method for the 

EURECA project . 

 Other parameters than those assessed in C-Calc that are fit for the assessment of the facade renovation 

systems are: layering according to life span, simple and fast connections and the use of a limited amount 

of materials. 

3.1.4. Building Circularity Index (BCI). According to Alba Concepts circularity consists of two 

components: origin and application of materials. These two components are measured by the Material 

Index with the parameters ‘origin of materials’, ‘disposal scenario’, ‘technical life span’ and ‘volume’ 

and by the Detachability Index with the parameters ‘type of connection’ and ‘accessibility of connection’ 

[14,15]. 

 Alba Concepts considers a building a hierarchical cluster of elements and elements a hierarchical 

cluster of products. They have developed the Building Circularity Index (BCI), for which it is necessary 

to determine the Product Circularity Index (PCI) and Element Circularity Index (ECI).  

 The method developed by Alba Concepts forms a strong starting point for the developed assessment 

method, but certain parameters that are evaluated by the other assessment methods, such as 

environmental impact and layering according to life span, are also valuable to take into account when 

assessing facade renovation systems. 

3.2. Circularity assessment method for facade renovation systems 

Using the information from the first research step the circularity assessment method for facade 

renovation systems at an early design stage is developed. The goal is to use parameters for which the 

input can be found easily from transparent and publicly accessible sources. In what follows, the different 

parameters for the developed method are described and their corresponding scoring systems worked out. 

For the assessment method the following rule applies: the higher the score, the less circular a solution. 
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3.2.1. Parameters. 

1. Recycling (%). The recycled content and recyclability of a material are taken into account by the 

parameter ‘recycling’. NIBE, an independent consultancy firm specialized in sustainable building, has 

developed the concept ‘material reutilization’[16]. For different construction materials they have 

defined the material reutilization score (%), which takes the recycled content of the material into account 

for 1/3 of the score and the recyclability of the material for 2/3 of the score. 

 In the developed method the value for the parameter ‘recycling’ is defined for each individual 

material layer of the facade system according to: 100% – material reutilization value in NIBE. For 

example, the reutilization value for stone wool is 7% according to NIBE. Therefore the value of the 

layer stone wool for the parameter ‘recycling’ is 93% (100-7). 

2. Environmental cost (€/m²). The environmental impact of a facade system is represented by the 

parameter ‘environmental cost’. The environmental cost is the amount of damage to the environment 

and/or people expressed in terms of the financial amount needed to avoid the potential harm or to resolve 

the harm incurred [17]. The Belgian life cycle assessment tool TOTEM is used calculate the 

environmental cost [18]. The analysed assessment methods C-Calc and Label Circular Building also use 

this tool to determine the parameter ‘environmental impact’.  

 When calculating the environmental cost of a building element, TOTEM makes a distinction between 

the environmental cost due to the materials and the environmental cost due to the operational energy use 

(i.e. transmission losses through the building element). For the developed method only the 

environmental cost due to the materials is considered. 

3. Expected service life (years). The parameter ‘expected service life’ accounts for the circular principles 

‘durable materials’ (long life span) and ‘layering according to life span’. The service life of construction 

materials can be found in ‘Rapport Technische Levensduur van Gebouwcomponenten’ by OVAM [19].  

 In the assessment method the ‘expected service life’ of each individual material layer of the facade 

system is defined: 100 - expected service life of a material. The principle ‘layering according to life 

span’ is taken into account by introducing the following rule: the service life of a layer cannot be longer 

than that of the previous (more internal) layer. The determination of the service life of each layer should 

be done from the inside to the outside of the construction. 

4. Component dependency (%). The more independent the components within a layer are, the easier 

future replacements, repairs or adaptions of one component can happen without influencing the other 

components. The parameter ‘component dependency’ takes this principle into account. Table 1 gives an 

overview of the scoring system for the parameter. 
 

Table 1. Scoring system for parameter ‘component dependency’. 

Component dependency Score (%) Additional clarification 

Completely independent 0  

Remove connectors to separate (material and 

connectors remain intact) 
10-20 How complex is the removal of the connector  

Sequential disassembly: disconnect all to 

disconnect one 
40-50 

How many elements need to be disconnected 

(few large – many small) 

Destroy connectors to separate 60-80 
How labor-intensive is the destruction of the 

connector 

Completely dependent 100  

 

 As an example, bricks connected with a traditional cement mortar are inseparable and are scored 100, 

while bricks connected with lime mortar can be separated with a lot of labor and are scored 80. Rigid 
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insulation boards with a tongue and groove joint are scored 40, while flexible insulation that is connected 

with plugs to the bearing layer is scored 0. 

5. Layer dependency (%). While the parameter ‘component dependency’ takes into account the 

dependency of the components within a layer, the parameter ‘layer dependency’ represents the 

dependency between the layers. It takes into account the type of connection between the layer and the 

previous (more internal) layer. The scoring system for this parameter is based on the scoring system 

developed by Alba Concepts for the parameter ‘type of connection’ which is part of the Detachability 

Index [20]. Table 2 presents the scoring system for the parameter ‘layer dependency’. 

 
Table 2. Scoring system for parameter ‘layer dependency’ ( based on Alba Concepts).  

Layer dependency  Score (%) 

Dry connection 

Dry connection 0 

Click connection 0 

Velcro connection 0 

Magnetic connection 0 

Connection with added 

elements 

Bolt and nut connection 20 

Spring connection 20 

Corner connection 20 

Screw connection 20 

Direct integrated connection 
Peg connection 40 

Nail connection 40 

Soft chemical connection Sealant connection 80 

Foam connection (PUR) 80 

Hard chemical connection 

Glue connection 100 

Cement-bound connection 100 

Chemical anchor 100 

 

6. Flexibility for reuse (%). The parameter ‘flexibility for reuse’ represents the possibility of a material 

layer to be adapted (altering of dimensions) for it to be reused in another building. Table 3 shows the 

scoring system for the parameter. 
 

Table 3. Scoring system for parameter ‘flexibility for reuse’. 

Flexibility for reuse Score (%) Additional clarification 

Easily adaptable  0-20 How labor-intensive are actions 

Flexible because of small dimensions, but hard or 

impossible to adapt 
40 E.g. bricks, small tiles,… 

Adaptable by more complex/specialized actions 50-60 
How specialized are the used 

machines,… 

Reuse not possible 100  

 

For instance, the dimensions of bricks or tiles cannot be easily changed, but these building blocks allow 

a certain degree of flexibility because of their small dimensions. Therefore they are attributed a relatively 

low score. 

3.2.2. Calculating the circular scores. Per facade system, a score is defined for each parameter. The 

parameter ‘environmental cost’ is determined for the whole system at once; for the other parameters, 

first a score is established per material layer and subsequently these scores are added up to a total 

parameter score. To comply with the circular principles ‘independent layers’ and ‘reversible 

connections’ building solutions often require additional materials, which results in an additional material 



Crossing Boundaries 2021
IOP Conf. Series: Earth and Environmental Science 855 (2021) 012008

IOP Publishing
doi:10.1088/1755-1315/855/1/012008

7

 
 

 
 

 
 

layer that must be taken into account for the total parameter score. Therefore, a distinction is made 

between parameters for which the material aspect is the most important (parameters: recycling, 

estimated service life, flexibility for reuse) and parameters which focus on the layers of the construction 

(parameters: component dependency, layer dependency). For the three parameters with focus on the 

material aspect, the total score for each parameter is obtained by multiplying the score of the material 

layer with the relative contribution of that material to the environmental cost of the facade system (this 

info is provided by the TOTEM tool). It is desirable that materials with a high environmental impact 

can be recycled, have a long service life and have potential for reuse. Therefore, it is fair that they have 

a higher contribution to the total score of these three parameters. For the two parameters that focus on 

the layers of a construction, a total score per parameter is obtained by simply adding up the scores of 

the materials layers.  

 When comparing the different facade systems, for each parameter an average score is defined by 

taking the average of the scores of all systems for that parameter. Next the score for each system on that 

parameter is expressed relatively to the average. This gives a relative score per parameter and converts 

all scores to the same unit. Finally, all the relative parameter scores of that system are added to a single 

score. The developed method does not set benchmarks, but is about comparing the circular scores of the 

facade renovation systems and choosing the most interesting system. The method allows to compare 

each parameter individually and to compare the single scores.  

 When assigning the scores to each parameter it is important to apply a holistic approach. For example, 

if a layer cannot be disassembled (parameter layer dependency), that layer and the previous layer are 

also not flexible for reuse or the components of the previous layers can also not be adjusted 

independently (parameter component dependency). The different parameters are interconnected and 

applying logical reasoning when assigning the scores is important. 

3.2.3. Application circularity assessment method to facade renovation systems. The developed method 

is applied to four facade renovation systems: a standard and a circular variant of ETICS and a ventilated 

facade with rigid and with flexible insulation boards.  

 ETICS is a common renovation strategy that has proven to be an interesting choice from the 

environmental viewpoint because of its relatively simple construction [21]. However, due to its plaster 

finishing and the glued fixation of the insulation, ETICS is not a circular construction method. A more 

circular variant can be obtained by replacing the mortar connection with a mechanical connection of 

PVC-profiles [22]. The circular variant of ETICS does still have a plaster finishing. For the ventilated 

facade the variant with flexible insulation requires a more extensive supporting structure than the variant 

with rigid insulation boards. Figure 1 and 2 show drawings of the facade systems. 

 

 

Figure 1. Drawings facade systems: a) ETICS standard; b) ETICS circular. 
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Figure 2. Drawings facade systems: c) ventilated facade rigid insulation; d)ventilated facade flexible insulation. 

 Table 4 shows the development of the circular score per parameter for each facade renovation system. 

The different systems have the same U-value. For each system the different material layers are shown 

and their relative contribution to the environmental cost is stated. The connectors for each layer are 

mentioned; if one layer is connected with different types of connectors to the previous one, the most 

‘negative’ connector counts. The material impact of the connectors is included in the environmental 

cost. If a relative score is highlighted green the system scores better than average on that parameter. If 

the relative score is highlighted red, the system scores worse than average on that parameter.  

 For the parameter ‘component dependency’ plaster is assigned the maximum score because although 

to a certain extent it is possible to repair plaster locally, this repair will always remain visible. EPS also 

gets the maximum score for this parameter since the plaster layer cannot be removed without damaging 

the EPS or other parts of the plaster and it is not realistic that EPS boards will be replaced or adapted 

independently. 

 The circular variant of ETICS has a higher environmental cost than the standard variant (PVC 

profiles have a higher material impact than glue) but has a better score on the parameter ‘layer 

dependency’. The mechanical connection of the PVC profiles is a reversible connection while the glue 

connection is not. The biggest difference between the variants of the ventilated facade is in the parameter 

‘environmental cost’. The ventilated facade with flexible insulation requires a more extensive supporting 

structure (and connections), resulting in a higher material impact. 

 The ventilated facade systems have an additional material layer compared to the ETICS systems. 

This enables the ventilated facade systems to comply with the circular principles ‘independent layers’ 

and ‘reversible connections’, and, as a result, to have a better score than ETICS for the parameters 

‘component dependency’, ‘layer dependency’ and ‘flexibility for reuse’.  

 If the relative scores per parameter are added to a single score per facade renovation system (without 

weighting factors), the ventilated facade variants have a better circular single score than the ETICS 

variants and the ventilated facade system with hard insulation boards has the best circular single score. 

 The scores of the facade renovation systems on the parameter ‘recycling’ are relatively high. The 

values defined in NIBE are most likely on the conservative side. If more specific material choices have 

been made, more correct information on the recycled content and recycling potential of the material can 

be found in the product-specific EPDs.  

 

3.3 Representation of circularity 

For each facade system Table 4 gives the score per parameter and a single score by adding the relative 

scores of each parameter. This single score makes it easy to compare the different systems and choose 

the most circular one. It is also possible to use weighting factors following the logic that some parameters 

are more important regarding circularity than others. The four analysed assessment methods also allow 

to express circularity by a single score (or by a label in the case of C-Calc). For C-Calc and Label 

Circular Building the relative share of the themes to the total score is mentioned. However, it seems 

rather subjective to decide which parameters contribute more to the circularity of a building than others. 

For example, for the developed circularity assessment method the parameters that evaluate a more 

general sense of sustainability (e.g. parameters recycling, environmental cost and expected service life)  
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Table 4. Circularity assessment method applied to four facade renovation systems. 
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could be given a lower weighting factor than the parameters focusing more specifically on circularity  

(e.g. parameters component dependency, layer dependency and flexibility for reuse). However, making 

the distinction between sustainability and circularity is very challenging since circularity is a part of 

sustainability and this results in an overlap between both topics [23]. 

 Even without using weighting factors, the representation of the circularity of a construction element 

by a single score can push more nuanced information to the background. Therefore it could be argued 

that the relative scores per parameter should be displayed separately, for example with a radar chart.  

This allows to identify the parameters for which the facade system could be further optimized, without 

worsening the scores of the other parameters. Figure 3 shows a radar chart for the four facade systems. 

Each axis of the radar chart represents a different parameter. The closer the lines are to the centre of the 

chart, the more circular a solution. 

 

 

Figure 3. Radar chart for circularity of four facade renovation systems. 

3.4. Inclusion of the financial aspect 

In addition to the degree of circularity of the facade systems, the financial aspect will also play a decisive 

role when evaluating the different systems. To include the financial aspect in the evaluation the NPV of 

each facade system is calculated. To find the optima between the two criteria circular score and NPV 

the Pareto front method is used. The rule ‘the lower, the better’ applies for both criteria. Figure 4 shows 

a diagram with on each axis a different criterion. The circular score (single score as determined in Table 

4) and NPV of the different facade renovation systems are plotted. 

 

 

Figure 4. Multi-objective optimization circular score and NPV for four facade renovation systems. 
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 The most interesting facade system is clearly the ventilated facade with rigid insulation boards. It has 

the best circular score and the lowest NPV. The extensive maintenance of ETICS significantly increases 

its NPV. ETICS is neither financially nor circularly an interesting option. Only four facade systems are 

evaluated in this study. If the circular score and NPV of more systems is determined and plotted there 

will most likely not be one optimal solution, but rather an actual Pareto front.  

 

4. Discussion and conclusion 

The EURECA project aims to develop a circular facade system for the renovation of high-rise buildings. 

To objectively evaluate the circularity of the facade systems proposed within the project, a circularity 

assessment method must be used. Different circularity assessment methods exist but none are 

completely suited to evaluate facade renovation systems at an early design stage. Based on the evaluation 

of four existing assessment methods, this research develops a new circularity assessment method, suited 

to measure the circularity on element level with a limited amount of information necessary, allowing 

early-stage decisions.  

 The assessment method considers six parameters: recycling, environmental cost, expected service 

life, component dependency, layer dependency and flexibility for reuse. The method is tested on four 

existing facade renovation systems: standard ETICS, circular ETICS, ventilated facade with rigid 

insulation boards and ventilated facade with flexible insulation.  

 The ventilated facade systems have an additional material layer compared to the ETICS systems, 

which enables them to comply with the circular principles ‘independent layers’ and ‘reversible 

connections’. As a result the ventilated facade systems have a better score than ETICS for the parameters 

‘component dependency’, ‘layer dependency’ and ‘flexibility for reuse’.  

 If per facade renovation system the relative scores of each parameter are added to a single score, 

without weighting, the ventilated facade with rigid insulation boards is the most circular system, 

standard ETICS the least. The use of weighting factors can be considered subjective and the 

representation of the circularity of a facade by a single score can erase nuances. A possible representation 

of the circularity of a facade system is through a radar chart, with each axis representing a circular 

parameter. This gives more background information but renders decision-making less straightforward 

because there is not one single score to take into account.  

 In reality, the financial aspect is a determining parameter when making renovation decisions. 

Therefore, the financial aspect is included in the evaluation of the different facade renovation systems 

by calculating their NPV. Using the Pareto front method, the ventilated facade with rigid insulation 

boards is circularly and financially the most interesting facade system. In this study the NPV was 

calculated as if the facade renovation system will stay on the same building for thirty years. It would 

have been more accurate to consider a scenario where the system is reused multiple times after a shorter 

time frame on the building, e.g. a scenario where the system is reused three times, each time for a time 

frame of about fifteen to twenty years on a building. However, the reuse of construction elements is 

currently no common practice and the prices related to deconstruction and remounting are often 

unknown.  

 The assessment method is developed for a renovation scenario. However, in hindsight many 

parameters and their corresponding scoring systems used in the developed assessment method are 

independent from the scenario ‘renovation’ or ‘new build’. The developed circularity assessment 

method can also be used for the new build scenario, but as opposed to the renovation scenario, the 

bearing structure is taken into account for the scoring of the parameters because this layer is new and 

therefore its properties can be influenced. The developed assessment method is also suitable for the 

evaluation of other building elements besides the facade. 
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