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1 Introduction 

Decarbonization in the building sector, both in new construction and in the renovation of existing buildings, 

is increasingly central. Decarbonization is a pathway based mainly on three actions: the abandonment of 

fossil fuels, the complete supply of energy from renewable sources, and the achievement of greater 

consumption efficiency. In the building sector, this path can be measured and evaluated through the analysis 

of the following factors: mass of materials and components, Embodied Energy (EE), and Embodied CO2. (EC). 

In order to assess the level of circularity of the whole building, these parameters are calculated taking into 

account several circularity indicators, which have been defined in the framework of the other tasks of DRIVE 

0 project: type of connections, accessibility of connections, crossings, form containment, materials origin, 

and re-usability. All these indicators contribute to the definition of the overall Building Circularity Indicator, 

which represents the final output of the simplified method proposed within Task 2.4. This final index allows 

demonstrating the effectiveness of the circular 3D solutions developed. In fact, if applied to existing buildings 

as part of deep renovation interventions, these solutions allow increasing the overall level of circularity of 

the renovated building compared to its current state. 

This deliverable presents the outputs from the activities conducted by UNIBO during the development of 

Task 2.4. “Development of circular prefab 3D elements”, intended as basic 3D prefab modular additional 

elements, developed according to the strategy proposed by the Horizon 2020 project “ABRACADABRA - 

Assistant Buildings’ addition to Retrofit, Adopt, Cure And Develop the Actual Buildings up to zeRo energy, 

Activating a market for deep renovation”, funded by the European Community through the Horizon 2020 

Programme, G.A. No 696126 [1]. 

With particular reference to the façade and top addition, a further step could implement the combination of 

seismic and structural renovation with external structures. Those structures could reduce the horizontal 

displacement in the case of a seismic event and support the addition on top for buildings that were not 

constructed to support additional bearing loads. This part could implement and apply the results of the 

Horizon 2020 project “Pro-GET-onE - Proactive synergy of inteGrated Efficient Technologies on buildings’ 

Envelopes”, funded by the European Community through the Horizon 2020 Programme, G.A. No 723747 [2]. 

Task 2.4 envisages further development of the strategy proposed by these two EU projects, both coordinated 

by UNIBO, based on volumetric additions solutions (five different 3D incremental solutions), which must 

necessarily be based on the circularity of materials, products, components, and building process. The 

volumetric addition solutions were designed considering all the possible synergies emerging from the 

combination of the external envelope systems as developed in Task 2.3. 
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After a description of state of the art at EU level, a list of principles and circular criteria is outlined in order to 

define a simplified method for assessing the circularity level of the specific 3D design solutions and of the 

whole building, as a result of the combination of volumetric additions to the existing building aimed at its 

deep renovation. 

The concept and design of these analysed solutions must necessarily be based on a precise feasibility study 

– in terms of regulatory and technical aspects – in order to evaluate the real possibility of applying the 

volumetric additions to the existing building. Based on these feasibility studies, a set of circular 3D solutions 

to be applied to the demonstration cases selected by DRIVE 0 project is presented: some of them are carried 

out in the form of digital simulation, while others in the form of construction and physical application to the 

real pilots. 

These technological solutions are strictly interconnected with the output from the other Work Package 2 

tasks, concerning the development of: “Circular prefab 2D building envelope elements” (Task 2.3), “Circular 

modular prefab building services platforms” (Task 2.5), and “Smart building and installation details for 

mounting and de-mounting” (Task 2.6). 

Furthermore, as demonstrated by the ABRACADABRA project, this type of deep renovation is closely linked 

to the “Circular Business Model for a circular economy in the renovation market” (Task 5.1) as developed in 

Work Package 5, since the extension of building has a potential effect on the increase of the real estate value. 
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2 Circular Add-ons strategy 

EU dwelling stock accounts for about 200 million units, representing around 27% of energy consumption: the 

potential reduction in CO2 emissions that energy-efficient housing would provide cannot be underestimated. 

But, among Europe’s existing buildings, only about 1.2% per year are renovated. Since the energy 

requirements applicable to housing before 1995 were absent or very limited, the majority of existing EU 

buildings have been built well before the entry into force of regulatory measures on energy consumption 

reduction. As a result, the existing building stock across EU present very low standard energy performance 

[3]. 

This alarming figure is due to the presence of economic, political and social barriers that currently prevent 

the development of architectural and urban solutions towards nearly Zero Energy Buildings (nZEBs). In 

particular, there is a lack of adequate policies for the implementation of deep renovation strategies, hence 

the instability of the investment market and the excessive risk rate for public authorities, market and social 

actors, and any other investor. In addition to regulatory barriers, especially in sharing incentives between the 

owner and tenant of a building or between owners, and sharing costs and benefits between owners/tenants, 

there is also a lack of decision-making tools and techniques for deep renovations on volumetric additions. 

Finally, another significant barrier is the limited accessibility of current funding instruments dedicated to the 

energy efficiency of existing assets and the low level of private sector confidence and participation in the 

financing processes of deep renovations (almost exclusively supported by public funding). [4] 

Between 2016 and 2017, important opportunities emerged to increase end-user awareness of the great 

potentials of deep renovation interventions and to promote the development of a more effective regulatory 

framework [5]. Indeed, in this short time frame, in 2016, the European Union revised the Energy Performance 

of Buildings Directive (EPBD) [6] and the Energy Efficiency Directive (EED) [7], and in 2017 the national 

renovation roadmaps were reviewed. 

The way forward to overcome the barriers that still exist to the spread of deep renovation interventions, 

according to a common approach that the whole Europe can adopt, consists in sharing research results and 

defining win-win solutions based on mutual cooperation between all actors involved in the building process 

(mainly social stakeholders, building owners, management associations, decision-makers, financial 

institutions, policy-makers, and professionals in charge of renovation interventions). 
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2.1 Description 

The ABRACADABRA project arose from the will to overcome these barriers by focusing on social, technical, 

regulatory and economic-financial aspects. The proposed strategy is based on the implementation of 

volumetric Add-ons and Renewable Energy Sources (RES), which – if combined – give rise to the “AdoRES” 

that enable the existing buildings to achieve the nZEBs target. These units to be added to existing buildings 

can be conceived as new aside buildings detached from existing construction or as volumetric additions to 

be juxtaposed to the existing building. 

The technical feasibility of AdoRES at the building scale has been based on the classification of different 

possible scenarios, starting from the deep energy renovation scenario that is assumed as “the entry level” 

for any following renovation action through the add-ons. These AdoRES scenarios are classified into five basic 

solutions, including the deep renovation: ground addition, top addition, aside addition, façade addition and 

assistant building. 

 

 
Figure 1. Schemes representing the strategy proposed by the ABRACADABRA project: (a) different scenarios of intervention; (b) 

strategy to activate a self-financing cycle to achieve nearly zero energy buildings (nZEBs) with existing buildings through additions 

(add-ons) and renewable energy sources (RES) (AdoRES) [8]. 

The ABRACADABRA project is “based on the prior assumption that substantial increase in the real estate 

value of the existing buildings can play a key role in the deep renovation. (…) By grounding the process on 

this strategy, the following objectives are identified: (i) reducing the payback period of the renovation 

interventions; (ii) enhancing the trust of main investors; (iii) improving architectural and performance 

qualities of existing built stocks; (iv) boosting the market sector for the implementation of AdoRES towards 

the nZEBs target”. [8] 
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The ABRACADABRA project demonstrates that the potential economic benefits from sales of the buildings 

renovated under this strategy will cover the costs of the energy retrofit intervention and the expense of 

installing renewable energy technologies. This category of deep renovation costs more than the traditional 

renovation interventions (mainly centred on the thermal insulation of building envelopes and the installation 

of new systems and new windows), but their reduced payback brings them to be winning solutions with 

respect to both technical and economic feasibility. 

The strategy is based on the basic principle that a deep renovation intervention through AdoRES plays a 

crucial role since, in addition to significantly increasing the energy performance of existing buildings, it 

generates a substantial increase in the real estate value of the buildings. The benefits, therefore, concern the 

economic, financial, environmental, and social fields in terms of payback time and net present value (NPV) 

of investments. The development of AdoRES, in fact, seeks to minimize the payback period required for deep 

renovation by establishing a synergy between old and new buildings and thus limiting the consumption of 

resources. [4] 

In a further development of the ABRACADABRA project, the volumetric additions can be used to increase the 

energy performance of a building and improve its mechanical performance. With regard to the façade 

additions, which mainly contribute to the increase of liveable surface, at the same time they allow to achieve 

higher performance level in terms of energy efficiency and seismic safety requirements. 

Following this approach, the Pro-GET-onE project introduces the integrated “GET” system constituted of an 

external exoskeleton in steel, combined with prefabricated envelope modules. These modules can be 

customized by users involved in the building process to best address the requirements of the specific building 

being renovated. In particular, they could be conceived as balconies for increasing the unheated floor area, 

even sunspaces for increasing the energy performances, or even extra-rooms for increasing the usable 

heated floor area. 

With the attempt to combine components for energy and structural improvement on the same product, Pro-

GET-onE proposes a new possible paradigm in the practice of the recovery of existing buildings. The research 

project is aimed at promoting the creation of conditions that generate attractive self-financing schemes to 

support profound restructuring interventions. In fact, the GET system represents a possible standardized 

solution with a replicable strategy, especially for the areas characterized by high seismicity levels (i.e. 

Mediterranean European countries). This highly innovative and effective technology could contribute to re-

launch the requalification sector and promote its application on a European scale. [9] 
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Figure 2. Abacus of the different Add-ons solutions, customizable in function of the specific design requirements (left) (© 2018, Cinti, 

A.); views from the inside of the added volumes (© 2021, Iannantuono, M.). 

According to this holistic vision, the reduction of resources must also be pursued through the selection of 

building materials and components characterized by low environmental impact during their entire life cycle. 

In order to evaluate this important aspect, it is necessary to increase knowledge and awareness of the Circular 

Economy (CE) in the building sector, looking at all levels of users involved in building processes.  

From this need arises the intention to develop a tool accessible to all stakeholders to quickly assess an 

intervention's environmental impact in terms of EE and EC. This tool, developed as part of Task 2.4, provides 

a circularity indicator that could guide designers and building owners during the decision-making process to 

define the more circular deep renovation strategy with a lower environmental impact. 
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2.1.1 Ground addition 

 

Figure 3. Ground addition scheme (Scenario 1) (©2021, DA - UNIBO after [8]). 

The ground addition provides for increased floor area at the ground level. This useful surface can correspond 

to the addition of an entire floor to the ground floor (intended as ground saturation) if the building is built 

on pilotis, or it can consist in the addition of a volume at one level, placed in continuity with the ground floor. 

This added volume can be used to increase the usable area or the accessory area, for example, allowing the 

provision of service facilities for the placement of systems (e.g. central heating). 

The feasibility study of this type of AdoRES is deeply linked to legislative constraints and to the morphological 

and distributive characteristics of the building. 

2.1.2 Top addition 

 

Figure 4. Top addition scheme (Scenario 2) (©2021, DA - UNIBO after [8]). 

The top addition consists of a rooftop extension, i.e., the addition of one or more floors, depending on the 

possibilities given by the seismic standards of the considered location, allowing the creation of new 

marketable energy-efficient housing units. 

The feasibility of an on top addition depends first of all on any shape constraints imposed by legislation and 

of course, also on constraints imposed by the load-bearing structure that must be able to withstand the 

added loads, responding to the mechanical and seismic safety requirements imposed by legislation. 

In order to carry out this type of intervention, it is necessary to rely on the use of components that are as 

light as possible so as to aggravate as little as possible the load on the existing building. In this perspective, it 

is preferable to use materials such as wood - with a high degree of sustainability and circularity, as well as 

lightness - for the realization of the supporting structure of the additional volume. 
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2.1.3 Aside addition 

 

Figure 5. Aside addition scheme (Scenario 3) (©2021, DA - UNIBO after [8]). 

The aside addition consists of a volume juxtaposition that includes extensions to existing dwellings or even 

additional dwelling units located at the blind side facades of the existing building. 

This type of addition allows to increase the usable area of the building or to create balconies that can be used 

as greenhouses. If placed on the south, east and west fronts, these greenhouses allow increasing the solar 

gain during the winter season, thus creating a great benefit, especially in countries characterized by rigid 

climate. 

Designing a flexible and versatile greenhouse and lodge system also provides natural ventilation strategies 

that play a very important role in indoor comfort, especially in countries characterized by hot climates. 

The feasibility of this type of AdoRES depends not only on regulatory constraints but also on the structural 

and construction limits imposed by the load-bearing structure of the existing building. 

The possibility of containing the demolition of the existing blind facade and making only the openings 

necessary to access the greenhouse, combined with the use of prefabricated plug&play solutions with 

recyclable materials, becomes important to ensure a high level of circularity. 

A great potential of this strategy concerns the possibility of giving a new architectural design to blind façades 

that are often left abandoned and that delimit urban spaces of poor value. 

2.1.4 Façade addition 

 

Figure 6.Façade addition scheme (Scenario 4) (©2021, DA - UNIBO after [8]). 

The façade addition consists of the increase of a volumetric addition on the main front, through the increase 

of usable area or through the increase of accessory area (i.e. thanks to the creation of terraces or 

greenhouses). 
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As in the case of the aside addition, also for the façade addition is interesting the possibility to create 

greenhouses that, if they are south, east and west oriented, allow increasing the solar gain during the winter 

season, thus creating a great benefit, especially in countries characterized by rigid climate. The façade 

addition is the most invasive intervention for the existing buildings. Indeed, it involves the extension of the 

façades (not excessive, usually 1.5m or 2 m, depending on the construction system) and the creation of solar 

greenhouses, balconies or ventilated facades, adding living space to the existing units, but without giving the 

possibility to create new ones: this factor expands the payback time of the renovation cost, to the disfavour 

of the cost-benefit ratio. A very significant potential of this strategy concerns the possibility of giving a new 

facade design to existing buildings, thus realizing important architectural redevelopment interventions. 

As for the aside addition, also for the façade addition the use of prefabricated 3D plug&play solutions with 

recyclable materials, as well as the possibility of containing demolitions of the existing blind facade for only 

creating the openings necessary to access the greenhouse, become crucial elements for guarantying a high 

level of circularity of the intervention and of the whole renovated building. 

2.1.5 Assistant building 

 

Figure 7. Assistant building scheme (Scenario 5) (©2021, DA - UNIBO after [8]). 

The assistant building represents the realization of an entire energy-efficient building, which can supply 

energy to the "assisted" existing building in case of need. Although it may seem the most expensive solution, 

it should not be forgotten that it offers the possibility of selling new housing units with very high energy 

efficiency and architecturally innovative, thus also acting as a social attractor for the redevelopment of the 

area in which it is built. 

This solution is closely linked to urban planning and legislative constraints that often do not allow the 

construction of additional volumes. Although, unlike the other solutions, it is totally detached from the 

existing building from a structural point of view, given the proximity and functional dependence between the 

assistant building and the main existing building, some analogies should be established in terms of the 

construction system, materials and products used and therefore final architectural aesthetic result. 

The use of circular components, partially or completely prefabricated, can represent a great potential for the 

development of flexible and easily applicable solutions.  
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2.2 State of the art at EU level 

In Europe, there are many examples, and, in this chapter, some of them are reported that represent well. 

The main potentials of the volumetric addition strategy as proposed by the “ABRACADABRA” project are the 

following: 

• resource optimization; 

• containment of land consumption; 

• optimization of the construction process in terms of time and cost; 

• prefabrication and therefore lightness and rapidity of dry installation; 

• modularity, flexibility and customizability of solutions. 

 

According to the definition of CE provided by the Ellen MacArthur Foundation, as an economy “based on the 

principles of designing out waste and pollution, keeping products and materials in use, and regenerating 

natural systems”, it is clear that all the above-mentioned requirements contribute to increasing the level of 

circularity of the building involved in the intervention. 

Although this idea at the base of the Add-ons strategy proposed by the "ABRACADABRA" project may seem 

difficult to apply in practice, some projects already implemented in the EU have successfully demonstrated 

how such a strategy proves a really feasible scenario. 

For example, see the projects of “La casa por el tejado” [10]. The interventions realized by this Spanish 

consortium of architects and professional in the construction sector is basically the following: buildings have 

a significant environmental impact since they cost, weigh, and consume. Conventional buildings use a lot of 

materials, involve large amounts of energy, water, and waste (and hence large amounts of consumption), 

and also occupy natural soil. In order to reduce their environmental impact and reduce their effects, a new 

way of conceiving and using them is introduced: the completion of existing buildings and the consequent 

improvement of their performances and architectural-aesthetic value. 

Furthermore, the “ABRACADABRA” project proposes to combine the Add-ons strategy with the deep energy 

retrofit of the existing settlements, with the aim to reach an overall balance in terms of energy gain, costs 

and soil consumption, thus establishing an effective synergy between the existing and the new [11]. 

The company promotes and realizes interventions of deep renovation by experimenting with the 

implementation of Add-ons prefab modules on top of the existing buildings. Several experiences have been 

conducted in the last decade all over Europe, thus demonstrating the strategy's effectiveness in the historical 

heritage when the legislative framework allows the development of such intervention. 
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Figure 8. La Casa por el Tejado, Installation of the prefab elements as the final phase of the construction process 

(http://lacasaporeltejado.eu/proceso-constructivo/el-proceso-constructivo/). 

 

 

Figure 9. La Casa por el Tejado, “Cubiertas urbanas en el Ensanche de Barcelona”, C/ Roger de Llúria 41 – Barcelona 

(http://lacasaporeltejado.eu/proyecto/roger-lluria-41/)  
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This strategy presents great potential, not only in terms of the energy performance of the architectural 

building scale but also in terms of re-shaping of the urban environment, since the volumetric additions could 

fill the void spaces generated by the urban evolution of the cities during centuries. 

 

 

Figure 10. La Casa por el Tejado, “Mejora y completamiento del edificio”, C/ Letamendi 29 – Barcelona 

(http://lacasaporeltejado.eu/proyecto/letamendi-29/). 

 

Several industries are specializing in the production of prefabricated elements for this type of use in the deep 

renovation of existing buildings. In this chapter, some examples are reported to present an overview of the 

different prefab solutions to implement the Add-ons strategy.  

The “Emergo” industry proposes different prefab solutions for realizing new buildings or renovating the 

existing ones. For example, it proposed basic extension modules that can be connected to the existing façade 

and require the construction of a separate foundation. In this case, portions of the existing façade must be 

removed. This operation could require structural adjustments to the existing building to make them suitable 

for supporting the volumetric additions. 

 

 

Figure 11. Prefabricated extension module (https://www.emergo.nl/producten-en-oplossingen/woonmodules). 
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Another factory specializing in the production of prefabricated modules for quickly and cost-effectively 

extending building units is “De Prefabriek”. According to the customised design project, these extension 

modules are manufactured in the factory and then transported on-site. This kind of intervention based on 

the dry assembly of prefab elements requires the carrying out of a careful and precise geometric survey, 

usually developed through the use of 3D laser scanning. 

 

 

Figure 12. Prefabricated extension module (https://deprefabriek.nl/over-ons/). 

 

 

Figure 13. Transportation of the extension modules (https://deprefabriek.nl/over-ons/). 
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A specific type of extension module consists of an add-on box for indoor climate installations. In particular, 

this is due to the fact that this engine requires a lot of space within a dwelling. In addition, the heat pump 

integrated into the engine includes an outdoor unit which needs to be installed near the dwelling anyway. 

In this field, “Factory Zero” is an industry specializing in the manufacturing and installation of such additions, 

which could be aside or in façade applied. 

 

 

Figure 14. Service unit extension module (https://factoryzero.nl/projecen/). 

 

Other industries that deal with the production of prefab modules for services and other residential use are 

“Prefab Systeem Bouw” and “Domus Cura”, which manufacture different types of 3D modules to increase 

the usable internal floor area. These units could be detached from the existing building or could also be 

placed in continuity with the same, in the function of the available space within the property area. 

 

 

Figure 15. Extension module (https://domuscura.nl/mantelzorgwoning-prijzen/). 
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Figure 16. On-site installation extension module (https://.domuscura.nl). 

 

 

 

 

Figure 17. Abacus of prefabricated components produced (https://www.prefabsysteembouw.nl/). 
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“Badkamer Uitbuik Module” is a factory specialising in the realisation of the so-called “bathroom extension 

module”, which is often necessary to enhance the liveability conditions for residential units that are originally 

poorly equipped in terms of toilet services. 

 

 

Figure 18. Example of bathroom extension module (https://www.badkameruitbuikmodule.nl/). 

 

 

 

 

Figure 19. On-site installation of bathroom extension module (https://www.badkameruitbuikmodule.nl/). 

 

Other factories like “Ruiter Dakkapellen” and “Concept Dakopbouw” are specialized in the realization of 

prefab extension modules to be implemented on top of existing buildings in order to increase the usable 

floor area at the upper level (for example, dormers in correspondence of bedrooms or other larger rooms). 
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Figure 20. On-site installation of on-top extension module (dormer) (https://www.ruiterdakkapellen.nl/dakkapel-

informatie/dakkapel-plaatsen-montage). 

 

 

Figure 21. On-site installation of on-top extension module adding one floor level to the existing building 

(https://www.conceptdakopbouw.nl/voorbeelden). 

 

 

Figure 22. Abacus of different prefabricated on-top module typologies (https://www.conceptdakopbouw.nl/voorbeelden). 
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In line with these interventions, “Dakkapel” specialises in roof extensions, with particular focus on the 

addition of dormer windows and new windows to improve visual well-being within rooms and improve the 

energy performance of existing buildings. 

 

 

Figure 23. On top dormer extension (https://www.dakkapel.net/). 

 

 

Figure 24. New windows for transparent envelope extension (https://www.dakkapel.net/). 
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3 Development of circular 3D prefab Add-ons 

3.1 Criteria and principles 

As explained in Chapter 2, the realization of volumetric addition represents an effective strategy for deep 

renovating the existing building stock by enhancing its energy performance and architectural quality, thus 

increasing its real estate value. 

The present deliverable is aimed to demonstrate how the Add-ons strategy – if planned according to a circular 

holistic approach – could be relevant also for increasing the circularity level of the existing building, thus 

reducing its environmental impact. This statement is proven by developing and analysing different volumetric 

addition scenarios that are assessed and whose final circularity indicators are compared. 

With the aim to increase the circularity level of buildings, these Add-ons solutions are designed to be 

implemented through the use of dry-assembled materials, products and components, as much as possible 

derived from prefabrication processes. Great attention is paid to the Design for Disassembly, a requirement 

that assumes a central role for DRIVE 0 project since it represents the level of accessibility, maintainability, 

repairability and reusability of the 3D components analysed. In light of the above, for the selected case 

studies, different AdoRES solutions have been studied based on the use of prefabricated components 

designed and manufactured mainly by the project partner companies. The circular approach is pursued 

through the analysis of the recyclability and re-usability of materials, and the ease of assembly, disassembly, 

replacement, and disposal of components during their entire life cycle. 

In Chapter 3, some basic criteria and principles that must be considered for the development of the 3D 

circular solutions are presented, with the aim to enhance the great potential of a circular approach in the 

field of sustainable renovation of building stock. 

Since the birth of the industrial economy, there has never been any step beyond the linear model of resource 

consumption that follows the “take-make-use-dispose” pattern. Factories extract raw materials, apply 

energy and labour, and sell them to consumers who discard them when they are no longer needed. Although 

enormous efforts have been made to improve the efficiency of the process, any system based on 

consumption instead of the restorative use of resources cannot be considered sustainable. 

The 2020 World Population Data Sheet indicates [12] that the world population is projected to increase from 

7.8 billion in 2020 to 9.9 billion by 2050. This level represents an increase of more than 25% from 2020. In 

2015, the global middle class totalled 3 billion people, and research predicts that the global middle-class 

population will grow by 80% to reach around 5.4 billion people by 2030 [13]. Their growing prosperity would 

trigger a surging demand never before experienced in history. For this reason, the current “take-make-use-
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dispose” model is no longer sustainable. The built environment is responsible for more than 25% of all waste 

generated [14], and most of the Construction and Demolition Waste (CDW) are downcycled [15]. 

According to Ellen MacArthur Foundation, cities can be real innovation poles because they represent the 

places where 85% of Global gross Domestic Product is produced and because they represent real collectors 

of materials. Cities currently produce 50% of global waste and are responsible for 60-80% of greenhouse gas 

emissions, of which 30% is solely caused by building construction. In addition to this, there is the actual non-

use of materials and spaces, which leads to significant economic losses. These spaces and materials can result 

in a useful resource in terms of CE [16]. 

The consumption of raw materials and its collateral environmental impact highlights the need to adopt 

circular practices [17]. 

 

 

Figure 25. Waste associated with a typical European city [16]. 

 

The concept of CE has been evolving since the 1970s when the idea of “Regenerative Design” was introduced 

by the American Professor John Tillman Lyle [18]. Subsequently, other schools of thought were born, up to 

the concept of “Cradle to Cradle” proposed in 2002 by Michael Braungart and William McDonough [19], 

which proposes a way of designing products that have a positive impact on the environment. These schools 

of thought are often based on the idea of creating an economic model similar to biological cycles. It must be 

specified that these models tend to simplify a concept in order to create new positive habits in the industrial 

economic system, and for this reason, they cannot reach the actual complexity of real biological systems. The 

reliability of a model is based on its ability to best describe the phenomenon being analysed, making 

appropriate simplification operations that do not distort its meaning. 
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The transition to the CE is led by the multidisciplinary corporation Ellen MacArthur Foundation, which 

published a series of reports to promote and spread the application of the CE. It states that a CE “is based on 

the principles of designing out waste and pollution, keeping products and materials in use, and regenerating 

natural systems”. [16] 

The CE is an industrial and economic model that proposes a regenerative and restorative design. Its scope is 

to redefine products and services and design them with the aim to keep them in the circle of usability. In 

other words, the scope is to eliminate the “waste” phase of the linear economy and keep the product alive 

as long as possible in order to completely eliminate the waste minimize negative impacts on the environment 

and the consumption of raw materials. Therefore, it is of fundamental importance to tend towards this 

direction as much as possible and try to develop the technologies and know-how to really achieve this goal 

or get there as close as possible. 

 

Figure 26. CE process (https://www.cizp.cz/Circular-economy-to-have-considerable-benefits-but-challenges-remain.html). 
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In BE, the circularity can be analysed on three different levels: 

• macro-level: material’s impact level on the environment, whose assessment is implemented by 

evaluating the EE and EC (instead of only the mass of the used materials); 

• micro-level: design level, in which design criteria and design features permit to assess the 

potentiality of reuse and recycle of components; 

• meso-level: supply chain level, in which aspects related to environmental impact (macro-level) and 

design criteria (micro-level) converge. 

A holistic methodology covering the circular assessment on the macro, meso and micro-level still needs to 

be fully developed [20]. 

 

The purpose of Task 2.4 is to develop a set of circular prefab 3D case-specific solutions, whose high level of 

circularity is demonstrated through the analysis of their connection with the other components constituting 

the whole building system. Hence, the final goal is the circularity assessment of the whole building at the 

meso-level, balancing parameters that consider the meso-level with others that refer to the micro-level. 

In order to define a method easily applicable in several cases and contexts, it is necessary to define a list of 

indicators and a formula that relates them. This method represents a tool for designers aimed at 

implementing a building circular approach, taking into account that each case is specific and has its own 

peculiarities depending on the geographical area, the materials available and other unpredictable variables. 

Referring to the levels listed before: at macro-level, data related to weight, EE, and EC of materials have been 

implemented; at micro-level, the approach implemented by Cottafava et al. [17] based on the criteria 

proposed by Alba Concept, a simplified version of Durmisevic’s criteria [21], have been adopted. 
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3.2 Feasibility studies 

This chapter presents the feasibility studies – in terms of regulatory and technical features – that have been 

carried out on all the demonstrator cases examined by the DRIVE 0 project in order to select the demo cases 

on which to adopt the deep renovation strategy based on the implementation of circular Add-ons. This 

research activity aims to further investigate the criticalities and potentialities of the Add-ons strategy through 

the application to real case studies, with a particular focus on the development of circular solutions. 

 

The different scenarios that have been considered in the feasibility studies for the demo cases are based on 

the implementation of the following selected add-ons operations: 

1. Ground addition; 

2. Top addition; 

3. Aside addition; 

4. Façade addition; 

5. Assistant building. 

 

Before presenting the feasibility studies conducted, a summary table is reported on the following page, 

summarizing the outcomes from the feasibility studies conducted on the demonstrator cases to select those 

allowing the possibility to realize circular 3D solutions for their deep renovation. 
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Country 

JUST IN CASE OF BOTH REGULATORY AND TECHNICAL FEASIBILITY 

Selected 

Add-ons 

operation 

 

[1-5] 

Selected architectural element for the 

realization of the Add-ons 

 

[short description] 

Circular innovative 

aspects to be 

developed 

 

[short description] 

Presentation of the 

circular 3D Add-

ons intervention 

[digital simulation/ 

construction] 

1. 

THE 

NETHERLANDS 

1, 2, 4 

1. Living areas extension in the backyard, 

including a green roof 

2. Partial top addition extending bedrooms and 

BIPVs installation 

4. Complete façade extrusion (the street front) 

extending the usable floor area  

3D add-ons based on the 

assembly of 2D panels 

(designed by WEBO) 

DIGITAL SIMULATION 

2. 

SPAIN 

2, 3, 4 

 

2.  Addition of one floor and two units, 

including a green roof 

3. Complete extrusion of the “medianera” 

(south-west blind façade), creating 

bioclimatic greenhouses and adding BIPVs 

4. Complete façade extrusion creating 

bioclimatic greenhouses (south-east façade) 

3D add-ons based on 

light and dismountable 

design systems, including 

BIPVs 

DIGITAL SIMULATION 

3. 

IRELAND 
1, 2, 4 

1. Prefabricated ground addition to the rear 

2. Top addition on the backyard and BIPVs 

installation on the front pitch 

4.   Complete façade extrusion extending usable 

floor area (street front) 

3D add-ons based on the 

2D EWI system 

constituted of a light 

substructure in steel and 

thermal layers 

DIGITAL SIMULATION 

+ 

CONSTRUCTION 

(just for n. 1) 

4. 

ITALY 
Not feasible Not feasible Not feasible Not feasible 

5. 

ESTONIA 
2, 3, 4 

2.  Addition of one floor and eight units 

3. Complete extrusion of the blind aside façades 

creating bioclimatic greenhouses on south-

west front and new usable area on the 

north-east front 

4. Façade addition increasing usable floor area 

by closing the existing loggias on the north-

east street front, and creating of new 

bioclimatic greenhouses on the south-east 

garden front 

3D add-ons based on the 

assembly of 2D panels 

(designed by TIMBECO) 

DIGITAL SIMULATION 

+ 

CONSTRUCTION 

(just for n. 4) 

6. 

SLOVENIA 

Unec 

3, 5 

Aside and top additions might be feasible. 

Nevertheless, the project foresees the use of an 

ETICS traditional system, and therefore the 

creation of 3D plug&play elements could be very 

far from the real final solution. 

Not developed Not developed 

7. 

SLOVENIA 

Radovljica 

3, 5 

Aside and top additions might be feasible. 

Nevertheless, the project foresees the use of an 

ETICS traditional system, and therefore the 

creation of 3D plug&play elements could be very 

far from the real final solution. 

Not developed Not developed 

8. 

GREECE 

Athens Center 

Not feasible Not feasible Not feasible Not feasible 

9. 

GREECE 

Anavysos, 

Attica 

Not feasible Not feasible Not feasible Not feasible 

Table 1. Summary of results from the regulatory and technical feasibility studies carried out for the DRIVE 0 demo cases. 
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3.2.1 Regulatory feasibility 

3.2.1.1 The Netherlands 

The Dutch demonstrator or pilot case consists of a building block of four terraced housing units, a typical 

Dutch housing typology [22]. The building block is owned by a social housing association and is located in 

Landgraaf in the south of the Netherlands. Its design originated in 1965, and because the dwellings have 

become outdated, they will be renovated, i.e. due to Dutch housing policies, the housing stock of social 

housing associations need to be improved to at least Label B. 

 

 

Figure 27. Dutch pilot case consisting of a building block of four terraced housing units (https://goo.gl/maps/BDrHfFF6rRv9Cz968 ). 

 

Since 1965 energy performance measures have been instated for newly built housing. Over time, energy 

performance requirements have become increasingly stringent, with the first adjustment in 1975. In 1965-

1974 about 606,000 terraced housing units were constructed, about 9% of the total Dutch housing stock. 

Almost half of these constructed housing is privately owned, and social housing associations own the other 

half. The remaining 6% are commercially rented housing units.  

The dwellings are relatively spacious, with an average total floor space of 106 square meters. Typically the 

dwellings contain 4-5 rooms based on a relatively standardized floorplan (ground floor level with entrance, 

kitchen and living room; first floor with 2-3 bedrooms and a bathroom; second floor or attic). Until mid-1970s, 

housing production was stimulated by the government to address the post-war housing shortage. This led to 

the development of various industrial housing systems. This is mainly observable in the applied floor systems 

(concrete) and large window bays with sandwich panels. 
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According to current standards, the housing units are poorly insulated. For example, double glazing was only 

used occasionally, and a large part of the dwellings was equipped with room-based gas-fired heaters, 

although central gas-fired heating systems were diffusing in the Dutch housing market. Over time 

incremental energy efficiency improvements have been installed in most housing units with a focus on 

double glazing and gas fired central heating with improved energy efficiency. However, to a limit extend, the 

insulation of the building envelope has been improved.  

The regulatory framework allows realizing a deep renovation intervention based on the addition of a 3D 

extension. Hence, four different scenarios of 3D Add-ons extensions are considered in order to enhance the 

performance and the liveability of the existing building. In the table below, each typology of the 3D extension 

module is listed and synthetically analysed in relation to the legal issues to be managed, as well as to the 

technical aspects to be solved. 
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3.2.1.2 Spain 

In the context of the Spanish pilot case1, located in Barcelona, the possibility of adding more volume or useful 

surface is mainly guided by the municipal urban planning documents and by the Catalan Civil Code. 

 

      

Figure 28. Street view of the Spanish pilot case 

(https://www.google.it/maps/place/C.+de+Pallars,+Barcelona,+Spagna/@41.407747,2.2037916,642m/data=!3m1!1e3!4m5!3m4!1

s0x12a4a33f21171f63:0x52df7aad9454cb8!8m2!3d41.4041618!4d2.2017602; https://goo.gl/maps/BDrHfFF6rRv9Cz968 ). 

 

Urban planning constraints: Plan General Metropolitano de Barcelona 

The potential addition of a new volume is limited by the indicator called “edificabilidad”, or buildability which 

is defined for each building site and can be found in the land registry, based on the site registration number. 

It defines the extension surface of constructed roof per extension surface of the land. 

The buildability is given by the regional urban planning documents, in our case by the “Plan General 

Metropolitano de Barcelona”, a document that defines urban planning requirements for the municipality of 

Barcelona, following the Spanish general law for the use of the terrain, “Ley sobre Régimen del Suelo y 

Ordenación Urbana, texto refundido aprobado por el Real Decreto 1346/1976”. The document defines that 

the buildability refers not only to interior space but also to the projected volumes that are closed or semi-

closed, ventilation and illumination patios and auxiliary buildings, being quite strict in the consideration. The 

semi-closed projected volumes are defined by having at least one of their laterals built by a non-

disassemblable and opaque envelope. The so-called open projected volumes- balconies and terraces do not 

count to the buildability calculation. 

 
1 The analyses conducted in the framework of Task 2.4 and reported in Deliverable 2.3 consider the Spanish pilot selected in the DRIVE 0 

proposal and studied until the second part of 2021. After this date, a second Spanish was selected but, since the design of the 3D circular 

solutions and the analyses were already conducted by UNIBO on the first pilot case, D2.3 refers to this first building. 
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For closed and semi-closed projections, the maximum depth of the projection of the projected volume is 

defined as 1/10 of the street section (must be wider than 8 m) but cannot be larger than 1.5 m. These volumes 

cannot occupy more than 1/3 of the façade width. For the open volumes, there are several restrictions, but 

mainly these cannot exceed 1.5m of depth either and can occupy the whole façade width. 

In any case, the illumination and ventilation requirements of the residential units must be followed when 

adding a projected volume. 

Another limitation to be considered for the add-ons is the maximum regulatory height indicated for each 

building site according to several regulatory aspects, sometimes also with the indication of the maximum 

number of floors above the ground. The minimum of 2.5m free height for any new living spaces has to be 

taken into account. 

Additionally, in the Spanish case, we are dealing with the boundary walls, called “medianeras”, meaning that 

any add-ons on the façade would be possible only in case the boundary wall is facing a public space, not 

another building site, in which case the building cannot be extended in this direction. 

In conclusion, the urban planning constraints do not directly restrict implementation of Add-ons to the 

existing buildings; however, given that in most of the recent constructions, the buildability and the maximum 

regulatory height have been used up/ exhausted, and some of the previously constructed buildings even 

exceed the current regulations, it is no common that there will be a potential to add more volume. This is 

true mostly for the dense parts of the central area and may be less conditional in the surroundings of the 

city. 

 

Legal constraints: Código Civil Catalán 

While the above text refers to the regulation and potential barriers, the following constraints are more 

related to the feasibility of an add-on intervention in case this is not restricted by the urban planning barriers. 

The document “Código Civil Catalán” defines the procedures related to building interventions and the 

relation between the relevant stakeholders. 

The document BOE-A-2006-11130, chapter VII, article 567 of the Civil Code defines the right to build an 

additional floor, one or more, above their property. This right must be defined in the public documentation, 

establishing the maximum number of floors or elements to be constructed according to the valid urban 

planning norms. It also must include the determination of the participation shares corresponding to the new 

and existing properties. The community norms or the norms of the horizontal property (when each floor 

belongs to a different owner, while the vertical property means the whole building has a single owner) must 

be defined. In the case of the horizontal property, unanimity of all the owners is necessary to constitute the 
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right to build. The resulting volume can be a property of a single title holder, agreed by the community of 

owners, or a horizontal property. 

For adding extra volume to the façade, the same document, chapter 553.26, defines the process. As the 

residential unit’s area is increased, this action is considered as a change of the constitution title, and therefore 

80% of the property owners must agree to the addition. All the property owners count even if they are not 

present on the vote and have 30 days to use their right to expose their vote. Otherwise, it is considered that 

they agree. The legal result of this process is the modification of property coefficients. Given that this process 

involves taxes, it is not usual to be done, or there is the option to concede the agreement with the 

intervention to the particular beneficiary of the solution without modification of the coefficients. There may 

be additional community statutes, but these cannot contradict this law. 

On the other hand, a generic renovation process like increasing the energy efficiency or accessibility of the 

building is defined in article 553.25 and defines that the simple majority is enough to approve this kind of 

intervention. The simple majority must be achieved by both the number of property owners and the majority 

in coefficient sum. Only the present owners are taken into consideration. If the process is approved, all the 

owners must participate economically. 

In conclusion, for roof add-ons, given that unanimity is required for any additions to the existing building 

volume, the actual implementation of add-ons becomes extremely complicated for buildings with multiple 

owners- but of course, not impossible. On the other hand, in the case where the building is a property of a 

single owner, there are no restrictions by the Civil Code affecting this process. It is similar in the case of adding 

an extra volume to the façade, including balconies. 

Finally, if all the previous points are resolved, then a building permit must be asked for, given that the volume 

and/or the façade of the building is to be transformed.  

There is no incentive to build add-ons in the region, neither a special interest. The only driver that can be 

observed is the economic one, given that if the buildability of a building site has not been fully exhausted, it 

provides a great opportunity to generate benefit by building additional living-rentable/sellable space 

(according to the Plan General Metropolitano de Barcelona). 
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3.2.1.3 Ireland 

The site selected is located in McCormack’s Park, Cloghanboy (Cooke), Athlone, Co. Westmeath, N37 H1X3. 

The pilot case consists of two semi-detached 80m2 dwellings consisting of 40m2 ground floor and 40m2 first 

floor. One of the units (no. 8) does have an attic conversion with a rooflight to the existing rear pitch. The 

existing dwellings are located within a 1980s housing estate circa 1980 adjacent to the local shopping 

compound and rugby club. The two units are positioned at the end of the estate, with adjacent dwellings 

facing the gable wall. The rear of both units overlooks the playing pitches of the local rugby club. There is an 

existing internal roadway to the south of the site off the N55 with private and public parking spaces to each 

dwelling. 

The existing dwellings are not designated Protected Structure or situated within an Architectural 

Conservation Area within the Westmeath County Development Plan 2014 – 2020. Recent developments near 

the estate had requests from the Local Authority to provide new public pathways to replace existing and 

provide samples of all external finishes, including hard surfacing to driveways for approval. It is anticipated 

that these issues will be required to be addressed sufficiently within any planning application submission if 

required. 

 

 

Figure 29. Aerial photo (© 2020, Coady Architects). 
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Figure 30. Different views of the residential building (© 2020, Coady Architects).  
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The building constraints are broken down per element of the DRIVE 0 intervention intentions; 

• 2D wall upgrade: The existing wall is a rendered finish on blockwork cavity walls. The 2D wall upgrade is 

not considered to require planning permission as the finish is intended to be a render system being 

sympathetic to the existing streetscape.  

• 2D roof upgrade: The existing roof has a concrete tile finish, a commonality along the entire streetscape. 

The primary site constraints have been established to be the consideration of alternative material and 

modification of the existing ridge heights. The development will be reviewed to establish if, in line with 

the local Development Control Plan and Planning Department consideration, any change to existing 

material and roof height would require Planning Permission. Initial discussions with the Local Planning 

Authorities have indicated that the proposed Irish Dive 0 panelised roof application may require Planning 

Permission. However, further discussions have been sought to clarify this. While the material could be 

changed to be finished in a concrete tile re-using existing, the height may pose an issue. The Irish Drive 0 

project may, therefore, also be revised to revert to a traditional approach to insulating the roof space on 

the ceiling joists rather than roof overcladding.  

• 3D volumetric addition: The two options for 3D volumetric additions being considered are a front porch 

& canopy and rear extension. The front porch is the more realistic addition as this will provide a more 

common approach that could be adopted much easier across multiple properties. This could add storage 

space a zone for service meters and offer energy performance benefits to the property. This addition is 

not considered to require planning permission as it is under the maximum internal floor space and roof 

height allowable in accordance with Building Regulations, S.I. No. 600/2001 - Planning and Development 

Regulations, 2001. 

 

Figure 31. Building elevations (© 2020, Coady Architects). 
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There has been limited and indirect consultation with the local Planning Department through the 

Architectural Department to determine if planning (Part 8) is required or if the proposed development 

(works) would be exempt, taking into account the budget and the category, i.e. Thermal Application – Deep 

Retrofit. Direct consultation has been formally requested to establish Planning Requirements. 
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3.2.1.4 Italy 

The Italian demo case is located in Argelato, a small Municipality near Bologna. It consists of a building 

complex constructed in the early 1900s and partially demolished and rebuilt over the decades, composed of 

a manor Villa, a hayloft/stables, and a small animal shelter (henhouse). Nowadays, the complex is 

compromised and damaged in terms of seismic safety, architectural and conservative quality, and energetic 

and mechanical performances. In fact, the residential complex has been abandoned for so many decades. It 

should be deeply renovated to adapt the spaces to new current functions and make it again habitable and 

comfortable. 

The buildings are subjected to a historical-documentary constraint, and the current regulations (Urban 

Planning Regulation – RUE Argelato, Bologna, Art. 20) do not allow to deeply intervene on façade, but just 

on the roof. In particular, given the historical-documentary constraints on these buildings, the current 

regulations allow to realize the following construction interventions on them: 

• for the manor villa (that is classified as building “A2”) “Restoration and conservative renovation of type 

A (RC-A), with the possibility of: using the entire recoverable surface area within the building outline 

and in compliance with the conditions of eligibility in respect of the type of intervention”; 

• for the hayloft/stables (that is classified as building “B1”) “Restoration and conservative renovation of 

type B (RC-B), with the possibility of: using the entire existing surface within the building outline and 

in compliance with the conditions of eligibility and the abacus of the building types; the recovery of 

the building must be carried out considering the abacus of the building types (…); in case of the curtain 

of the open parts, the original structure must be left in evidence; a portico side must always be left in 

the reuse project; the redesign of the elevations must be consistent with the portion of the building 

already in residential use, and the type of roof must be maintained; new housing units must be 

provided within limits set out in the abacus of building types (…)”; 

• for the animal shelter (that is classified as building “C4”) “Building renovation (RE) with the possibility 

of: enhancing the architectural aspects through the redesign of the fronts, also by covering the open 

parts, leaving the original structure in evidence; the recovery of the building must take place 

considering the abacus of the building types (…); intervening on the structure through consolidation 

extended to large parts of the building such as to involve demolition with subsequent reconstruction. 
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A procedure for verifying the presence of an additional architectural constraint on the building complex 

(Legislative Decree no. 42 of 22/01/2004) has been developed, and in October 2020 it gave a negative 

outcome: the villa and the hayloft are not subjected to an architectural constraint, and therefore it is possible 

to softly intervene on the façade and on the other architectural elements. However, it is mandatory to 

preserve the typological-constructive characters of the buildings by realising interventions that do not alter 

the historical-testimonial character of the buildings. 

Furthermore, the complex is inserted within a park extended for 1.20 ha that is protected as a garden of 

ecological importance. 

 

 

Figure 32. Extract from the urban planning regulation: identification of the classification of buildings and related constraints for the 

definition of interventions (©2020, Mazzoli, C.). 
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The pilot case selected by DRIVE 0 project is the manor villa, that is a two-floors building, with a total net 

floor area of 470 m2. 

The above-mentioned urbanistic constraints do not allow realizing any volumetric additions on the building, 

nor a supplementary volume detached from the existing building. In conclusion, the regulatory feasibility 

study for the Italian pilot case led to a negative result. 

 

 

Figure 33. Building complex located in a garden of ecological importance, constituted of a hayloft/stables (on the left), a manor villa 

(on the right) and an animal shelter (on the rare) (© 2020, Habitat Plus). 

 

 

Figure 34. Aerial photo of the building complex and zoom on the pilot case “Villa Cuccoli” (© 2020, Mazzoli, C.). 
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3.2.1.5 Estonia 

It is possible to build an additional floor, but each building and project must be viewed separately. In the case 

of the Kuuma 4 demo case, the problem is the significant reduction of natural light in the neighbouring 

building (Kuuma 7).  

 

  

 

 

Figure 35. Aerial photo of the Estonian pilot Kuuma 4 and neighbouring building Kuuma 7 (© 2020, TalTech). 

 

An additional floor to Kuuma 4 apartment building will shade the Kuuma 7 from the sunlight. 

Figure 36 describes the effect on Kuuma 7 building when adding an additional floor to Kuuma 4 

apartment building. The choice of time was based on the fact that the sun illuminates the apartment 

building at most at 14:00 during the day. The analysis of the insolation revealed that when building 

an additional floor, each apartment in Kuuma 7 would have a long dark period. For example, in the 

current situation, the top floor will remain partially lit for the whole year, but if an additional floor 

is added, there would be a 1.5-month dark period on the top floor therefore the entire facade of 

the house would be dark. The 1st floor would be in the dark for 4.5 months instead of 2.5 months, 

from November 1 to February 15. 
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Figure 36. The effect on Kuuma 7 building when adding one floor to Kuuma 4 apartment building (© 2020, TalTech). 

 

The construction of an additional floor also means additional parking spaces that need to be added. Often 

there is no room for this on the plot. We also had to provide additional parking spaces at the Kuuma 4 house 

to meet the requirements. However, as there is no shortage of parking spaces at the moment, it was allowed 

to design them without actually building them at the moment. 

In Estonia, it is allowed to build up to eight floors of a wooden house. Therefore, building additional floors up 

to the eighth floor is conceivable. From the fifth floor, elevators are required, but there is usually no space 

for them in existing houses. For some houses, it is possible to build elevators outside of the existing envelope, 

and each project should be viewed separately.  

It is also possible to build the house wider or longer. It is preferable to build balconies or make some room 

extensions on the longer side. An additional room cannot be built on the longer side, as in this case, some 

rooms will be left without natural light. In the case of the Kuuma 4 demo case, we will close the existing 

balconies, which will increase the size of the kitchen and add new balconies to the other side of the house. 

When building on the shorter side, the size of the property can be an obstacle, which is also an obstacle in 

the case of the Kuuma 4 project. 

In the case of additional construction, there is no support from Kredex, therefore, it must be taken into 

account that the income from the additional part would be sufficient for the final cost of the renovation to 

be acceptable. The price depends on the area where the house is located. Commonly the state support for 

renovation is used and not the building of an additional floor. 

For example, the Kuuma 4 demo case would cost approximately 700,000€ to build an additional floor, and 

the selling price of the apartments would be approximately 1,200,000€. Kredex support for the renovation is 

approximately 370,000€.  
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3.2.1.6 Slovenia – Unec 

This first Slovenian pilot consists of a single-family house, originally (ground floor) built somewhere around 

1900. Walls are made of full bricks plastered with mortar. Floors (ground and first floor) are made of wooden 

beams and covered with wooden boards. The first floor in bricks was mainly built in the last 30 years, with 

no plastering. The pitched roof was rebuilt in 2014 and consists of wooden rafters and brick tile roofing. There 

was a concrete annexe already built on the south-eastern side of the house to use machinery storage, 

possibly a small animal barn. It is important to remark that it was demolished before the renovation works 

since the investor did not like or need it.   

Concerning regulations, there is a possibility to have an aside add-on at least on the same location as the one 

that was demolished, but for a new one, it is mandatory to obtain a building permit. 

Another option is raising the roof in order to get the additional floor, but in this case, a preliminary special 

Location information document needs to be obtained and checked in order to see if the top add-on could be 

feasible from a regulatory point of view (for more details about the abovementioned document, see 

paragraph 3.2.1.7). This option additionally requires a building permit. However, it makes no sense to use 

this option in nearby future since the roof is new.  

On the same land, there is a haystack that is around 12m away from the house in the north-east direction. 

The investor plans to convert it into a functional leisure building (but not as a living space): this represents 

an additional reason why the house add-ons are not needed or planned.  

 

     

Figure 37. Satellite picture (left); a picture of the house from the eastern side (right) (© 2020, Knauf Insulation). 
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3.2.1.7 Slovenia – Radovljica 

Theoretically, it is possible to build an add-on to this building as an aside addition (building annexe/extension) 

or, more complicated, with raising pitched roof to get an additional floor.   

From a regulatory point of view, it is preliminary necessary to check a document called “Local information”. 

This document informs the investor of the intended construction about the criteria and conditions that must 

be taken into account when planning the intended construction. The municipality issues it after submitting 

the application and paying the fee. Because the building owner has no interest in building an add-on, the 

application was not submitted. 

If it would be possible to do both options according to Local information, both options require obtaining a 

building permit in the second step. When applying for a building permit, Mandatory documentation is an 

architectural design project of the intended building. Regulatory it is not mandatory right away to add also 

structural analysis, but it would make sense to do so in this case, especially if the add-on would be built on 

the existing structure. 

As described in more detail under the Technical feasibility chapter, the structural analysis needs to consider 

modern Eurocodes standards, which have more strict earthquake resistance requirements. It is hard to say 

if those requirements would be really met since the primary building was made in 1986.    

In conclusion, additional documentation must be obtained to assess the regulatory feasibility, but that would 

mean additional costs, and since the owner was not interested in building add-ons, this process has not been 

developed.  

 

     

Figure 38. Satellite image of the house and nearby buildings (left); picture from the north-eastern part of the land (right) (© 2020, 

Knauf Insulation). 
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3.2.1.8 Greece – Athens Center 

The first Greek demo case is a residential apartment of 108m2 located on the second top floor of a building 

in the Center of Athens. This building was constructed in 1971 governed primarily by the General Law 

4067/12 (New building code) NOK for land located within the city plan. For this broad category, the 

restrictions do not concern as much the structural elements of the construction as the maximum allowable 

construction and placement of the building on the plot. Thus, there are several structural constraints in these 

areas, accommodating the size of the residence to the city plan standards.  

 

 

Figure 39. Photo of the building complex (© 2020, NKUA). 

 

A prerequisite for existing homes is their legitimacy, and the study of adding additions to these homes are 

governed by Article 3 of Law 4067/12.  

Regarding the existing apartment, the maximum allowable construction limits have been covered. Thus, it is 

not allowed to add any section by extension or by height to form a single entity.  

In conclusion, the regulatory feasibility study for the first Greek pilot case led to a negative result. 
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3.2.1.9 Greece – Anavysos, Attica 

The second Greek demo case is a residential detached house of 109m2, located in the Attica region. The unit 

has an energy label D. It was constructed in 1989 governed primarily by the General Law 4067/12 (New 

building code) NOK for land located outside the city plan. 

For this broad category, the restrictions concern the maximum allowable construction and placement of the 

building on the plot. Thus, there are several structural constraints in these areas, accommodating the size of 

the residence to the city plan standards. 

 

     

Figure 40. Photo of the house (left); aerial photo (© 2020, NKUA). 

 

A prerequisite for existing homes is their legitimacy, and the study of adding additions to these homes are 

governed by Article 3 of Law 4067/12. The low urbanistic constraints do not allow realizing any volumetric 

additions on the building, nor a supplementary volume detached from the existing house. 

 

In conclusion, the regulatory feasibility study for the 2nd Greek pilot case led to a negative result. 
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3.2.2 Technical feasibility 

3.2.2.1 The Netherlands 

The technical feasibility study is based on the analysis of the available data about the building block: the 

original technical drawings (1965), useful for developing a 3D model through the BIM software Revit, and the 

inventory of building materials. Furthermore, a 3D laser scanning survey has been conducted in order to 

achieve a more detailed building model that is crucial for designing and manufacturing the prefab elements 

to be added to the existing building. At the same time, an on-site inspection of the dwelling will be performed 

to assess the baseline of the current housing units. 

 

 

Figure 41. 3D model of the Dutch pilot as the basis for the elaboration of 3D solutions (© 2020, ZUYD). 

 

Various types of prefabricated 3D volumetric extensions within the Dutch housing market are available. An 

overview is presented below, including four different typologies of 3D extension modules applicable in the 

terraced housing market segment and subsequently in the Dutch pilot case. 

1. The first typology that could be applied to the Dutch pilot can be best described as a basic extension 

module that can be connected to the rear façade (i.e. backyard) of the dwelling (see for example 

https://www.emergo.nl/producten-en-oplossingen/woonmodules; https://deprefabriek.nl/over-

ons/). 

2. The second type of addition encompasses volumetric care units (In Dutch referred to as: 

zorgwoningen-op-eigen-terrein; mantelzorgwoning; kangoeroewoning). These types of standalone 
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units, called “Assistant building”, are typically placed in in the backyard of the property to 

accommodate caretakers. This prevents people in need of care from having to be admitted to a care 

institution (see for example https://www.solilux.nl/zorgwoning/; 

https://www.prefabsysteembouw.nl/referenties/; https://domuscura.nl/plaatsing-type-lariks-in-

deurne/). 

3. The third type of volumetric addition that could be implemented is constituted of 3D modules for 

enlarging the bathrooms, that in typical terraced housing constructed in the period 1965-1974 are 

typically small. This type of extension could be called “bathroom extension module” (see for example 

https://www.badkameruitbuikmodule.nl/ ). 

4. The fourth type of volumetric addition encompasses on-top roof extension modules, ranging from 

dormers to large volumetric pods, providing at the same time new windows for a better illuminance 

of the rooms (see for example https://www.ruiterdakkapellen.nl/dakkapel-informatie/dakkapel-

plaatsen-montage; https://www.conceptdakopbouw.nl/voorbeelden). 

 

In conclusion, following the feasibility studies, the add-ons interventions that could be theoretically applied 

to the Dutch pilot case are the following: 

• Ground addition; 

• Top addition; 

• Façade addition. 
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3.2.2.2 Spain 

Within the scope of the pilot project, the selected residential building, which is located in Carrer de Pallars 

323 Barcelona, was built in 1998 as a reinforced concrete construction system. The load-bearing structure of 

the building is a reinforced concrete column and beam system filled with solid bricks. It has a façade of 12m 

wide and a total length of 32.90m. The front façade has balconies. The building has seven floors in total, 

including one basement, ground floor, five typical floors and one rooftop. The heights between slabs for 

basement, ground floor and typical floors are respectively: 4.95m, 4.05m, and 3.05m. The total height of the 

building (until the parapet wall at the rooftop) is 20.75m. 

 

   

Figure 42. First-floor plan and section, original plans (©Municipality of Barcelona Archive). 

 

The roof is composed of a flat reinforced concrete roof slab, thermal insulation, sloped porous concrete, PVC 

or butyl waterproofing fabric and asphalt mortar. The walls of the building consist of a 12cm thickness of 

masonry wall (brick cladding with mortar) and a 3cm air chamber where the thermal insulation based on 

expanded polystyrene or mineral fibre is placed. Also, there are rolling shutters on the windows of the 

building. The heating system is a standard gas heater and a heat pump system. 

The 2D proposal considers a modular ventilated façade system including PV panels, prefabricated opaque 

cladding panels and green wall, in all the three variations with aluminium substructure and insulation 

material based on mineral wool. The frame construction is mounted to the structural wall layer with anchors, 

consoles, and other components. For the windows, double glazing is considered in order to prevent the 

external noise source. 
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Figure 43. Detail of proposal project (© 2020, Pich Architects). 

 

The volumetric additions could consider a similar composition to the 2D elements. They can be added as new 

units on the rooftop or on the sides of the existing building. Following the project’s purpose, to activate a 

market for the deep renovation of existing buildings through volumetric additions, these add-ons should be 

simple and easy to install. Thus, the Add-ons’ strategy would allow the addition of building surfaces without 

reducing the land permeability and could be a strategy for urban and architectural renovation. 

A PV installation can be added on the roof as well; in particular, considering the climatic and also legislative 

conditions of Spain, it is a very feasible option. 

In regard to the insulation materials of exterior building elements - walls, roof, and floor - mineral wool is 

proposed to be used in façades in the 2D solution, which should also be considered for the 3D solution. The 

main focus is the health impact, which is positive, given that no formaldehyde is used. Furthermore, in the 

façade systems with a ventilated space, it is advisable to use mineral wool products because of their 

incombustibility and satisfactory thermal performance. 

Regarding the structural integrity of the building, it is based on a reinforced concrete column structure 

(consisting of 30x30cm reinforced concrete columns and 3 cm armature coating), with a bi-directional 

concrete waffle slab, which generally allows for further loading. The building, which has a sufficient level of 

the load-bearing system, is capable of carrying additional structures at aside and façades. The structure 

(reinforced concrete with solid bricks) also permits the additional values on the roof, but a static survey is 

highly important in order to have a better understanding. Besides, for adding extra balcony or openings 
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(window), the existing wall can be reinforced after static survey, if it is needed. Before the application, the 

existing façade and floors should be suspended for protection. 

The most interesting type of extension in our case is an extension at the long lateral façade (Figure 44) which 

is facing a public space, not another building site, in which case the building cannot be extended in this 

direction for legal issues. The layout design of façades should be redesigned with external additions. 

 

 

Figure 44. Visual representation of the building envelope surfaces that could implement a volumetric façade addition (© 2020, Pich 

Architects). 

 

The back and front facades have restrictions because they begin from the ground floor (+4.50m level). They 

have a terrace in front. Thus, in the case of volumetric additions, it should be started from 4.50m as elevation. 

The additions on these façades are not considered technically feasible. The balconies and their railing systems 

are massive and therefore not easy to replace and reuse, nor complement further 3D volumes without 

destructive intervention. Also, the windows of the living space that face these façades would not get 

sufficient natural light and insolation if the balconies were deeper. 

The add-on system could be installed on the roof as well. There is no problem from the structural point of 

view envisioned; however, a detailed structural calculation should be performed once the technical solution 

is determined. The available surface is composed of two terraces, of 80.30m2 and 76.60m2, which offer 

sufficient space for common use or even new residential units. The height of the new spaces should be 

optimized and reduced, not to affect the surrounding buildings and their solar gains/natural illumination. 

Technical barriers include: (i) the lack of consistent and standardized solutions or integrated solutions to 

comply with new and different building standards requirements on energy saving; (ii) the lack of skilled 

workers to carry out the work;  (iii) shortcomings in technical solutions and detail problems between different 
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panels which are side by side; (iv) damages can be done to the building while retrofitting or unsure perception 

of the current safety of the existing buildings; (v) end users’ and owners’ lack of technical expertise and trust 

in energy effect of the Add-ons intervention systems [23]. 

 

In conclusion, following the feasibility studies, the add-ons interventions that could be theoretically applied 

to the Spanish pilot case are the following: 

• Top addition; 

• Aside addition; 

• Façade addition. 
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3.2.2.3 Ireland 

The pilot case consists of two residential units: 

• No.7: The primary heating system is an air to water heat pump system heating radiators on a dual zone 

controller. There is a new water tank in the attic. The secondary heat system is a sealed in-set stove. 

The walls have been pumped with bead insulation which can be seen behind the vent cover in the 

sitting room. There are also holes externally drilled which have been filled. There is minor damage to 

the felt in the attic, which will need to be addressed. Existing windows are 60 – 70mm PVC double 

glazed units. All works were carried out before the tenants occupied the property.  

• No. 8: The primary heating system is a range (fitted 3-4 years ago) with a back boiler and pump feeding 

all the radiators with a thermostat in the hot press. This replaced an oil heating system. The system 

was decommissioned, the oil tank removed, and the boiler and flue in the adjoining shed remained. 

The secondary system is an open fire. Current tenants confirmed that the walls were pumped and attic 

insulated (approximately two years ago), and a new rear door was fitted recently (approximately two 

months ago). Existing windows are 60 – 70mm PVC double glazed units. There is a loft space with a 

Velux window with access doors to the attic space in the attic. There is damage to the felt in the attic 

space that will need to be assessed to determine the extent of repairs/removal. The original water 

tank remains with a small tank. Both are not fully insulated. 

To develop circular deep renovation solutions supporting consumer centred business models. This will be 

done through the application of 2D and 3D solutions for the walls, roof and volumetric space. 

The existing dwellings are of a typical layout in nature, and as such, they represent a large percentage of the 

Irish housing stock. In accordance with the DRIVE 0 targets, numerous 2D wall, 2D roof and 3D addition 

options have been explored with a focus on circularity through modular construction with a focus on bio-

based materials. As a team, we have focused on how to challenge not just the process of retrofit but also the 

benefits that these upgrades and additions can provide to the tenants who use them. 

A simple SketchUp model was developed to illustrate the various options being considered, theoretically and 

in reality. Of these, it was considered that the team should pursue a small volumetric addition to provide 

additional utility space to the front, with some coverage for protection from the external climate conditions 

for a multitude of tasks – such as bicycle storage, conversation and maintenance of services interface 

modules.  

The opportunities for modular construction established include; 

• Volumetric addition to the ground and first floor at front; 

• Volumetric additional to ground floor only at front; 
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• Volumetric addition to roof space; 

• Volumetric addition to a single room on the upper floor; 

• Modified roof height/pitch with a thermal upgrade to provide additional floor; 

• Draft lobby and storage space with canopy to ground floor; 

• 2D external wall and window upgrade; 

• Volumetric addition to the ground floor at the rear. 

 

The overall proposed concept is to provide utility space for the dwelling while upgrading the thermal 

performance of the existing building. This is proposed to be implemented by adding factory-made 2D and 3D 

modular components developed, manufactured, and installed in a circular process. The external walls will be 

treated with a 2D modular steel-framed insulated wall panel with windows complete and a new render finish. 

The roof will be upgraded with new insulated factory-produced panels with a new zinc finish installed over 

the existing roof with roof tiles removed only and remaining elements left in-situ. The front entrance will 

have a 3D volumetric addition applied to provide additional internal area, some storage and enhanced 

accessibility. 

 

 

Figure 45. Design concept scheme (© 2020, Coady Architects). 
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Figure 46. Different design scenarios developed within the feasibility study process (© 2020, Coady Architects). 



  
 

 
H2020 DRIVE 0_841850_WP2_Task 2.4_Deliverable 2.3                   

  

 

64 

Entrance Area: The entrance to the dwellings is along the southern elevation, with a proposed 3D addition 

to provide a new entrance with a small internal storage area and external canopy. This 3D pod extension will 

be explored to potentially incorporate services interfaces externally to the solid element. The entrance will 

provide a new aesthetic to the building but will also enhance the energy performance of the existing building 

by retaining an inner door and creating a draft lobby. A number of shadow analyses were carried out to 

confirm the overshadowing concerns of too large of a canopy. While the canopy would serve as an external 

covered area for recreation, conversation and storage, it was confirmed that this would also result in a loss 

of natural light and solar gain due to the south facing aspect of the front wall. 

       

Figure 47. Design of a new entrance area (© 2020, Coady Architects). 

 

Rear Extension: The rear extension is something more theoretical at this point, although delivered as a 

concept to give a better idea of how this modular construction could benefit the typical layout of these 

properties. The layouts have been kept as generic as possible to ensure they could be applicable across a 

wider variety of housing stock. A concept is proposed that by designing in such a way, there could be a choice 

of addition for each property which could be added to if required (for example, the living room without the 

WC, or the WC without the living room). These could then have the additional elements added or taken away 

as required. 

    

Figure 48. Design of the rear extension as 3D Add-ons (© 2020, Coady Architects). 
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External Wall Treatment: The existing wall is assumed as a traditional cavity wall construction consisting of 

20mm sand cement plaster on 100mm dense block on flat with pumped bead insulation in a 100mm cavity 

with 100mm dense block outer leaf with 20mm dry dash render finish. In the light of the above, the external 

wall panels have been designed to account for an uneven existing surface finish. This is done through the 

incorporation of a 25mm tolerance zone filled with compressible insulation to prevent thermal bypass or 

thermal looping – an extremely important technical detail design consideration. It is unknown whether the 

existing wall has cavity closers around the existing windows or at eaves level. However, it is assumed that 

they do not, for the purposes of detail design consideration at this point. This will be addressed through 

retrofitting cavity closers to both during the works. 

The new wall panels are based on the manufacturer's proprietary light gauge steel panelling system. It is 

proposed to use the lightest gauge system and reduce the extent of steel typically expected as this system is 

not structural in nature. The system design was explored using two finishing systems; EWI (external wall 

insulation) and ETICS (external thermal insulation composite system)/rainscreen. When detailed, it was 

determined that an EWI system would not be appropriate for application in this project. When researching 

the Agrément certification associated with common EWI systems, it was noted that these types of systems 

require a ventilation zone to the rear of the insulation to achieve compliance with certification. However, 

posing a serious risk of thermal bypass of the insulation itself. 

Accordingly, a second ETICS based option was developed, which provided a number of enhancements to the 

project; interchangeability of external finishing systems, ventilation to the cold side of the insulation and 

enhanced disassembly methods. U-value, condensation risk analysis (CRA) and heat capacity calculations 

have been carried out for this wall panel system on the existing wall structure using BuildDesk software. The 

extracts below confirm the 0.16 W/m2K U-value, which is condensation free. A similar build-up will be used 

for the new wall construction. Upon confirming the wall build-ups, the steel frame structure applicable for 

the house typology was modelled to visualise and quantify the extent of steel required. The initial model was 

based on typical structural wall construction and therefore included reinforced window heads. However, the 

new wall panels are not considered structural, but the existing wall structure will carry them. This was all 

reviewed and so far has been reduced from 570m to 375m - a 35% reduction in steel. The final steel frame 

design will be optimised and confirmed by engineering specialists in Vision Built. Below some extracts from 

the original and current steel-frame models are reported.  
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Figure 49. Design of a new façade system for the energy refurbishment (© 2020, Coady Architects). 

 

2D Roof Panel: The roof panel is still in design consultation due to potential planning considerations. At this 

point, the design allows for a 150mm steel stud, fully insulated with a flexible bio-based insulation, overclad 

with rigid wood fibre insulation and finished with a zinc/metal with a standing seam. Consideration has been 

given to the retention of existing roof tiles; however, it is felt at this point that these will be removed, and 

the new roof panel would be installed to the existing rafters, which retains the existing felt to ensure the 

residents are watertight during the install. As the design progresses on this element, calculations and analysis 

will be completed per the wall panels. 

 

 

Figure 50. Design of a new roof panel system (© 2020, Coady Architects). 

 

In conclusion, following the feasibility studies, the add-ons interventions that could be theoretically applied 

to the Irish pilot case are the following: 

• Ground addition; 

• Top addition; 

• Façade addition.  
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3.2.2.4 Italy 

The manor villa was built in the early 1900s and consists of a load-bearing masonry building in solid bricks. 

In particular, a brief description is provided below for all building components to highlight the current state 

of the art of the building, in terms of construction elements description and conservation conditions, and 

with reference to the high seismicity of the Italian territory. 

The foundation is composed of load-bearing masonry in solid common bricks jointed with mortar, and it 

presents a thickness of 50 cm and a depth of 40 cm. The diagnostic analysis developed showed that the 

conservation of the foundation and its dimensions are not even adequate for the safety of the building at the 

current stage: therefore, it is necessary to integrate the foundation with compatible brick materials in order 

to increase its dimensional extension and its mechanical performances. 

The external walls are constituted of load-bearing masonry in solid common bricks jointed with mortar (two 

layers of bricks for a 29 cm of thickness), externally finished with a coat in lime-based plaster and a finishing 

paint coat, and internally with a coat in gypsum plaster. The mechanical analysis showed that the external 

walls are not even adequate for the safety of the building at the current stage: therefore, it is necessary to 

integrate them with compatible brick materials in order to increase their dimensional extension and 

mechanical performances. Furthermore, the addition of an external thermal insulating layer is necessary in 

order to increase energy performance. The same integration intervention must also be implemented for the 

internal load-bearing partitions. 

The ground floor slab and the internal floor slab between ground level and first level are composed of 

unidirectional floor slabs in steel beams IPE 160 and “Volterrane” hollow bricks for lightning. The internal 

floor slab between the first and second levels is composed of a unidirectional floor with wooden primary and 

secondary beams. The wooden floor slabs are partially destroyed, and in general, all the slabs are very 

damaged: therefore, all the slabs must be reconstructed in the absent portions and must be reinforced in 

order to guarantee seismic safety. It is important to note that the structural elements must be preserved 

since the building is subject to a historical-documentary constraint, and this condition is hardly compatible 

with the creation of volumetric additions that would excessively increase vertical loads. 

The roof frame is composed of wooden beams and joists, on which a layer of hollow tiles is placed, covered 

by a wooden planking layer and then by traditional imbrex ceramic tiles. The current state of conservation of 

the roof is completely compromised in terms of structural performances and seismic safety and of thermal 

insulating and waterproofing terms. The analyses showed that it is necessary to completely remanufacture 

it. However, due to the historical-documentary constraint, shape and dimensions must be preserved, and 

the new construction system must be based on the use of materials compatible with the original structure. 
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Figure 51. External view of the villa and detail from inside of the external walls in load-bearing masonry bricks (© 2020, Fondazione 

Carisbo). 

      

Figure 52. External 3D model representing the current state of the villa: cross-section (left) and longitudinal section (right) 

(©Habitat Plus, 2020). 

 

       

Figure 53. Internal views of the wooden roof structure and floor slabs (© 2020, Mazzoli, C.). 
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For the above-mentioned reasons, the typological and constructive characteristics of the building are not 

compatible with the realization of a volumetric addition for the building. In order to support this kind of deep 

intervention, the structural system should be deeply consolidated and integrated with reinforcement devices 

(according to the Ministerial Decree of 17/01/2018, which integrates the Technical Standards for Construction 

- NTC 2008). As anticipated, this could not be done in a way compatible with the urban and architectural 

constraints that subsist on the building. 

The only solution that could be feasible just from a construction point of view would be the realization of an 

assistant building as a detached block: to the contrary, this option is not feasible from a regulatory point of 

view, since the urbanistic and landscape constraints do not allow the realization of new volume within the 

protected context. 

 

In conclusion, the technical feasibility study for the Italian pilot case led to a negative result. 
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3.2.2.5 Estonia 

When constructing an additional floor(s), each project must be considered separately. The foundation of the 

Kuuma 4 house has been built with a large load-bearing capacity reserve, and the construction of an 

additional floor does not cause significant problems. An additional floor can be built on top of an existing wall 

or on the insulation elements. 

If the additional floor is based on an additional insulation element, the support solution on the foundation of 

the insulation element must be reviewed or redesigned. 

Today, it is difficult to assess the exact condition of the existing wall structure. In the case of weaker 

structures, the additional floor(s) should be supported by the additional insulation elements. According to 

the laws in Estonia, it is possible to do this up to 8 floors. This means that the structure of the insulation 

elements become significantly more complex, as well as the need to rebuild the foundation. Furthermore, 

additional costs in the form of elevators must be taken into account, for which it is difficult to find a suitable 

location, and it may no longer be economically sensible. 

 

In conclusion, following the feasibility studies, the add-ons interventions that could be theoretically applied 

to the Estonian pilot case are the following: 

• Top addition; 

• Aside addition; 

• Façade addition. 

  



  
 

 
H2020 DRIVE 0_841850_WP2_Task 2.4_Deliverable 2.3                   

  

 

71 

3.2.2.6 Slovenia – Unec 

From a technical point of view, aside and top additions might be feasible on the Slovenian pilot located in 

Unec, but it would be necessary to conduct accurate mechanical analyses about the structure in order to 

verify that the new Add-ons loads could be supported by the existing building. 

Nevertheless, the owners do not intend to carry out volumetric addition interventions, as at the moment, 

the apartment already has a large useful internal surface. Only in case, the family nucleus should expand, it 

could be thought to realize this kind of intervention. 

 

     

Figure 54. Satellite picture (left); picture of the house from the Eastern side (right) (© 2020, Knauf Insulation). 

 

In conclusion, the feasibility technical study led to a negative outcome for these reasons. 
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3.2.2.7 Slovenia – Radovljica 

The building is a two-family residential house, built in three stages: the original part and two annexes. The 

primary part was built in 1968, consisting of a basement, a ground floor and a first floor. Walls consist of 

30cm thick concrete blocks filled with cast concrete (basement & ground floor) and an additional 8cm full 

brick inner cladding and mortar. On the first floor, those walls were later on (after the second annexe was 

built) additionally covered with 5 cm thick glass mineral wool and gypsum board from the inner side. Load 

bearing floor slabs (GF, FF) are made of cast concrete, thickness around 12-14cm. The first annexe elongated 

the house for an additional 2.40m. The second annexe was made when the oldest son moved in with his 

family into the first floor – this annexe additionally elongated the house for 6.30m, so each family could have 

its own floor. The walls of the second annexe are made of the following layers: 25cm thick cast concrete, 1cm 

of thermal insulation in EPS, 5cm solid brick with mortar (from the inner side) on the ground floor, and 30cm 

of solid brick wall and mortar on the first floor.  

The original part and the first annexe are covered with the same pitched roof. The second annexe is covered 

with it is own pitched roof, positioned around 1m higher than the first one. Both pitched roofs are made of 

wooden rafters. Space between and under rafters is filled with old glass mineral wool of 20cm thickness. 

Inner cladding is PVC vapour barrier and gypsum boards. Above the rafters are wooden boards, a provisional 

ventilation layer and primary bituminous waterproofing (“tegola”). 

 

 

Figure 55. First-floor plan with markings of chronological parts of the building (© 2020, Knauf Insulation).  
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The building was basically completely done by the owner with the help of neighbours and local friends. There 

are different types and sizes of bricks and concrete blocks in the walls, which shows the building materials 

were gathered from different sites. Everything was also mainly done by hand. Especially for the original part, 

there were no special codes; for the second annexe, the ex-Yugoslavian JUS standards were followed (when 

designing, those codes do take into account earthquake resistance). The owner only has building 

documentation for the parts of the building, which were changed when building the second annexe and 

rebuilding the first floor. From a technical point of view, it would be possible to build an aside add-on (another 

building unit or extension); alternatively, there is a theoretical possibility of raising pitched roof structure and 

creating additional/full height floor. Since there is a questionable amount of steel reinforcement in the 

original floor slabs and concrete walls, the statical analysis of the whole building according to the latest 

Eurocode standards would be mandatory to claim if this scenario is technically feasible or not. Building 

extension or annexe should not really represent some statical problem for the existing building, but there is 

a problem regarding the available space on the land. On the south-west side, there is a driveway, which needs 

to be free, so all the facilities are accessible. On the north-western part of the building, there is an asphalt 

road and a neighbour’s house. On the south-east side of the house, there is a grass-covered terrace. The 

southern part of this terrace is actually a walkable green roof, underneath which it is a large garage. So, any 

aside add-ons built on that surface need a mandatory structural analysis check. Further on the north-eastern 

side of the land, there is a grass-covered slope and a fairly large wooden shed (still the same owner's 

property. 

 

    

Figure 56. Concrete-block walls of the basement (left); 3D model of the house, including the terrain on the available land (right) (© 

2020, Knauf Insulation). 
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Figure 57. Picture from south-western part (driveway) (left); picture from the northern-most part of the land (right) (© 2020, Knauf 

Insulation). 

 

Finally, the most technically feasible add-on solution would be a building extension of the building on the 

north-east side of the building, and the shed should be removed. 

Nevertheless, the owners do not intend to carry out volumetric addition interventions since, at the moment, 

the apartment already has a large useful internal surface. Only in case, the family nucleus should expand, it 

could be thought to realize this kind of intervention. 

 

In conclusion, the feasibility technical study led to a negative outcome for these reasons. 
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3.2.2.8 Greece – Athens Center 

The building was constructed in 1971 governed primarily by the General Law 4067/12 (New building code) 

NOK for land located within the city plan. A brief description is provided below for the current state of the 

art of the building, in terms of construction elements description and of conservation conditions. 

The static design of the building has taken as a precondition the construction of two floors of the building, so 

the foundations and the supporting structure are sufficient for the existing two floors, but a further static 

adequacy study is needed in case of additional construction and therefore additional loads.  

The external walls are constituted of bearing masonry in common bricks jointed with mortar (two layers of 

bricks for a 20 cm of thickness), externally/internally finished with a coat in lime-based plaster and a finishing 

paint coat. Also, an external thermal insulating layer has been added both to the external walls or the terrace 

of the apartment to increase the energy performance.  

 

 

Figure 58. View of the terrace (© 2020, NKUA). 

 

The only solution that could be feasible just from a construction point of view would be the realization of an 

assistant building above the existing apartment (on the terrace). On the contrary, this option is not feasible 

from a regulatory point of view since the urbanistic and landscape constraints do not allow the realization of 

new volumes within the city plan. 

 

In conclusion, the regulatory feasibility study for the first Greek pilot case led to a negative result. 
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3.2.2.9 Greece – Anavysos, Attica 

The house was constructed in 1989, governed primarily by the General Law 4067/12 (New building code) 

NOK for land located outside the city plan. 

The static design of the building has taken as a precondition the construction of a single house, so the 

foundations and the supporting structure are sufficient for the existing building.  

The external walls are constituted of bearing masonry in common bricks jointed with mortar (two layers of 

bricks for a 30 cm of thickness), externally/internally finished with a coat in lime-based plaster and a finishing 

paint coat. Furthermore, the addition of an external thermal insulating layer is necessary in order to increase 

energy performance.  

 

 

Figure 59. View of the house (© 2020, NKUA). 

 

The only solution that could be feasible just from a construction point of view would be the realization of an 

assistant building as a detached block. On the contrary, this option is not feasible from a regulatory point of 

view since the urbanistic and landscape constraints do not allow the realization of new volumes within the 

city plan. 

 

In conclusion, the regulatory feasibility study for the second Greek pilot case led to a negative result. 

  



  
 

 
H2020 DRIVE 0_841850_WP2_Task 2.4_Deliverable 2.3                   

  

 

77 

3.2.3 Final summary on feasibility 

The following paragraphs show the final summary of the feasibility studies conducted for the DRIVE 0 pilot 

cases in order to provide a clear and synthetical description of the boundary conditions and limits for the 

intervention scenarios to be analysed and developed within Task 2.4. 

In the tables below, the same legend was used for indicating the five different add-ons scenarios considered: 

1. Ground addition; 

2. Top addition; 

3. Aside addition; 

4. Façade addition; 

5. Assistant building. 

 

3.2.3.1 The Netherlands 

Type of 

3D 

extension 

module 

Key 

functionality 

Level of application 

in the Dutch 

housing market 

(market 

availability) 

Demand for 

application in 

the project 

Legal issues to be 

managed 

Technical issues to 

be solved 

Basic 

extension 

module 

[1, 3] 

Extension of 

the living area 

at the ground 

floor level 

Moderate, with 

extensions made of 

traditional brick and 

mortar  

The housing units 

are relatively 

spacious; no 

demand for extra 

space. 

An add-on box for 

the indoor 

climate 

installations will 

be installed. 

1) A basic extension 

at the rear façade 

does not require a 

building permit (to be 

checked). However, 

the add-on box will 

change the design of 

the front façade for 

which a building 

permit is required. 

2) Because the rent is 

(legally) based on the 

available space, an 

extension will 

inherently increase 

rent. 

1) Although the basic 

extension module is 

considered a 

lightweight structure, a 

separate (pile) 

foundation is required. 

2) Openings in the rear 

façade could require 

structural adjustments 

to support the façade 

and first floor. 

Volumetric 

care unit 

[1, 3, 5] 

Primarily to 

accommodate 

a bedroom 

and/or 

bathroom at 

the ground 

floor level, 

sometimes it 

also 

accommodates 

High, supported by 

governmental policies 

(Social Support Law – 

in Dutch: Wet 

Maatschappelijke 

Ondersteuning) 

No demand for 

care facilities 

1) Building permit 

could be required 

depending on the 

design of the unit. 

2) Financial support is 

provided by the Social 

Support Law (to cover 

extra housing 

costs/rent) 

See implications ‘Basic 

extension module’. 
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a living area. 

The unit can 

be an 

extension 

module or a 

standalone 

housing unit 

Bathroom 

extension 

module 

[3, 4] 

Enlarging small 

bathrooms at 

the first level 

Low, due to the 

technological 

complexity and costs 

involved. The module 

competes with the 

alternative solution to 

install the bathroom in 

one of the bedrooms. 

Although the 

bathrooms are 

relatively small, 

there is no 

demand for this 

module (cost 

considerations) 

1) Building permit 

required – because it 

changes the design of 

the front façade. 

2) Substantial 

investment of the 

housing association 

needs to be covered 

by a rent increase 

(upon which the 

occupants need to 

agree). 

1) Substantial structural 

adjustments are 

required. 

2) Connecting the pipes 

and ducts (ventilation 

and sewer) can be 

challenging 

Roof 

extension 

module 

[2] 

Creating extra 

space at the 

top level/attic 

High, in particular, 

prefabricated dormers 

(have become 

competitive with 

traditional dormers 

because traditional 

dormers are labour 

intensive to install) 

The housing units 

are relatively 

spacious; no 

demand for extra 

space. 

 

1) Building permit 

required 

2) Because the rent is 

(legally) based on the 

available space, an 

extension will 

inherently increase 

rent. 

1) Supported by the 

primary load-bearing 

structure. 

2) Roof extension 

modules could hinder 

the application of PV 

Table 2. Synthesis of the possible intervention scenarios for the Dutch demo case (© 2020, ZUYD). 

 

3.2.3.2 Spain 

Type of 3D 

extension 

module 

Key 

functionality 

Level of application 

in the Spanish 

housing market 

(market 

availability) 

Demand for 

application in 

the project 

Legal issues to be 

managed 

Technical issues to 

be solved 

Deep 

Renovation 

[DR] 

Original 

project 

proposal, 

energy 

efficiency and 

RE production 

of the border 

wall 

Medium (compared 

to the following 

options), but rarely 

fully achieved DR 

There is demand 

for improvement 

of the energy 

efficiency, 

demand for new 

windows, partial 

demand for RE 

Legally, a simple 

majority of owners 

(more than 50%) has 

to decide whether to 

renovate the façade 

or not 

1) Installation costs: 

the equipment needed 

increases the costs 

2) Maintenance: the 

maintenance is difficult 

given it also needs 

height-works 

On top add-

ons 

[2] 

Creating 2 new 

housing units 

Medium, there are 

companies focused 

on this kind of 

application, given that 

there are still some 

No demand given 

that there is no 

external investor, 

flat owners 

Defined by the urban 

regulations strictly, 

but there are 

situations where the 

buildings have not 

Potential structural 

issues, although in 

general the buildings 

are constructed with 
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urban areas that 

allow for additional 

height 

interested in their 

own flats 

used the full 

available volume/ 

height 

sufficient margin for 

loads 

Aside add-

ons 

[3] 

New semi-

exterior space 

on the SW 

opaque façade 

+ greenhouse 

effect, PVs 

Low, rarely the 

building situation 

allows for extension, 

especially not 

towards the street 

Partial interest, 

interested in new 

possible windows 

combination 

There are several 

urban restrictions; 

mainly, the add-ons 

cannot cover more 

than 1/3 of the 

façade width. 

Legal restriction 

defines that 80% of 

flat owners have to 

agree on volume 

addition. 

As DR, the structure 

might not be suitable 

for this kind of load 

Façade add-

ons 

[4] 

Closing the SE 

facing 

balconies for 

the 

greenhouse 

effect and 

longer usage 

along the year 

High, this intervention 

is not so strongly 

affected by the urban 

limitations 

Not considered at 

the time of 

communication 

with the partners 

There are fewer 

urban restrictions, 

but still, it is 

complicated to add 

balconies/ close 

balconies, as the 

category of the add-

on changes, 

depending on the nr. 

of sides closed 

Potential lack of 

daylight, the 

requirements are 

strictly established in 

the CTE- technical code 

Total 

combination 

of the 

previous 

scenarios 

[2, 3, 4] 

Combination 

of all the 

functionalities, 

increase of the 

building value 

Low, given the low 

level of application of 

some of the 

interventions, as well 

as the high total 

budget necessary 

Not feasible from 

an economic 

point of view 

All mentioned above All mentioned above 

Table 3. Summary table relating to the scenarios analysed for the Spanish demo case (©2022, Pich Architects). 

 

3.2.3.3 Ireland 

Type of 

3D 

extension 

module 

Key 

functionality 

Level of application 

in the Irish housing 

market (market 

availability) 

Demand for 

application in 

the project 

Legal issues to be 

managed 

Technical issues to 

be solved 

Front 

Porch Air 

Lobby  

[1, 4] 

(Selected 

and 

planned) 

Small 

extension to 

font entrance 

providing air 

lobby and 

some utility 

space 

High, given 

applicability in stock 

and planning 

conditions – subject to 

sizes/height etc.  

Basic demand 

from tenants but 

good demand 

from the team, as 

small scale suited 

budget limits.  

Generally, no 

planning 

requirements are 

subject to certain 

conditions, notably 

area/size etc.  

Demonstrating 3D 

modular circular 

construction. Robust 

thermal and weathering 

details, 

Design for Disassembly 
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Rear 

Ground 

Extension  

[1] 

Potential  rear 

extension to 

kitchen dining 

providing 

possible 

kitchen dining 

utility space 

High, given 

applicability in stock 

and planning 

conditions – subject to 

sizes/ height etc. 

Not proposed but 

theoretical 

potential, 

especially for 

modularised 

solutions  

No planning 

requirement subject 

to conditions – 

size/height  

Simple planning 

process oversize 

limits 

Typical construction 

issues often with 

drainage re-design and 

impacts on daylight in 

existing spaces  

Can be party wall 

concerns  

Rear Two 

Storey 

Extension 

 [1, 2] 

Potential rear 

extension to 

GF as above 

with possible 

additional bed 

or bathrooms 

at the second 

floor  

Medium, given 

applicability in stock 

and planning 

conditions – subject to 

sizes/ height etc. 

Not proposed but 

theoretical 

potential, 

especially for 

modularised 

solutions 

Can be no planning 

requirement subject 

to conditions – 

size/height, but 

usually planning is 

required.  

Typical construction 

issues often with 

drainage re-design and 

impacts on daylight in 

existing spaces, 

interface to roof 

Can be party wall 

concerns 

Side Single 

Storey 

Extension  

[1,3] 

Potential side  

extension to 

GF with 

possible 

additional 

utility, living, 

office, study, 

bed, playroom, 

or bathrooms, 

own possible 

access from 

front/side 

Low-Medium, given 

applicability in house 

type and planning 

requirements  

Not proposed but 

theoretical 

potential, 

especially for 

modularised 

solutions 

Planning required  Typical construction 

issues, often with 

drainage re-design, 

sometimes restricted 

spaces and width can 

impact on side rear 

access 

Side 

Double 

Storey 

Extension 

 [1, 2, 3] 

Potential side  

extension to 

the second 

floor as above 

with possible 

additional 

office, study, 

bed, playroom, 

or bathrooms  

Low-Medium, given 

applicability in house 

type and planning 

requirements  

Not proposed but 

theoretical 

potential, 

especially for 

modularised 

solutions 

Planning required  Typical construction 

issues often with 

drainage re-design, 

sometimes restricted 

space and width can 

impact on side rear 

access 

Front GF 

full with 

extension 

 [1, 4] 

Potential front  

extension to 

GF, with 

possible 

additional 

entrance utility 

and living 

space  

Low, given how 

uncommon and 

planning requirements  

Not proposed but 

theoretical 

potential, 

especially for 

modularised 

solutions 

Planning required  Typical construction 

issues often with 

impact on daylight to 

existing 

Front two 

storeys full 

with 

extension  

[1, 2, 4] 

Potential front  

extension to 

GF as above 

with possible 

additional bed 

Very Low, given how 

uncommon and 

planning requirements  

Not proposed but 

theoretical 

potential, 

especially for 

Planning required  Typical construction 

issues often with 

impact on daylight to 

existing 
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space to 

second floor   

modularised 

solutions 

Roof 

Extension  

[2] 

Potential 

range of 

conversions 

and 

adaptations to 

existing roof.  

Extension or 

Roof 3D POD 

extension is 

possible with 

benefits.  

Medium–High, given 

common in house 

type and possible 

planning free – subject 

to conditions.  

Not proposed but 

theoretical 

potential 

especially for 

modularised 

solutions and 

significant 

potential to 

resolve combined 

structural, living 

space height and 

and often poor 

thermal 

performance 

issues.  

Can be planning 

exempt subject to a 

condition.  

Creating three-storey 

houses has particular 

fire escape 

requirements.  

Conventional Irish Roof 

is not designed for 

conversion with many 

technical issues, 

including poor thermal 

performance, low 

height and roof 

structure not 

supporting living space.  

New Roof POD could 

have the potential to 

resolve this.  

Fire escape 

requirements can be a 

challenge.  

Table 4. Summary table relating to the scenarios analysed for the Irish demo case (©2022, TUD). 

 

3.2.3.4 Italy 

Type of 

3D 

extension 

module 

Key 

functionality 

Level of application 

in the Italian 

housing market 

(market 

availability) 

Demand for 

application in 

the project 

Legal issues to be 

managed 

Technical issues to 

be solved 

Basic 

extension 

module  

[1, 3] 

Extension of 

the living area 

at different 

levels 

Moderate, since it is 

strictly related to the 

construction 

characteristics of the 

existing building 

(often historical or 

built before 1950) and 

the urban and 

architectural 

legislative constraints 

No demand for 

extra space since 

the total net area 

is sufficient for 

the intended use 

(multi-users 

residence) 

Due to the urbanistic 

and historical-

documentary 

constraints, it is not 

possible to realize 

any volumetric 

additions outside the 

existing volume. 

Due to the urbanistic 

and historical-

documentary 

constraints, it is not 

possible to realize the 

deep structural 

consolidation and 

reinforcement 

interventions required 

by regulations, which 

could allow the 

implementation of 

ground or aside add-

on. 

Façade 

extension 

module 

[4] 

Creating extra 

(heated or 

unheated) 

space by 

moving the 

façade out of 

Low, since it involves 

an impactful 

demolition of an 

existing façade. In 

analogy to the basic 

extension module, it is 

strictly related to the 

No demand for 

extra space since 

the total net area 

is sufficient for 

the intended use 

(multi-users 

residence) 

Due to the urbanistic 

and historical-

documentary 

constraints, it is not 

possible to realize 

any volumetric 

additions outside the 

Due to the urbanistic 

and historical-

documentary 

constraints, it is not 

possible to realize the 

deep structural 

consolidation and 
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the current 

shape 

construction 

characteristics of the 

existing building 

(often historical or 

built before 1950) and 

the urban and 

architectural 

legislative constraints 

existing volume. It is 

just possible to softly 

intervene on the 

façade, only 

preserving the 

typological-

construction 

characters of the 

building. 

reinforcement 

interventions required 

by regulations, which 

could allow the 

implementation of a 

façade add-on. 

Volumetric 

care unit 

[5] 

Creating a new 

volume for 

accommodating 

services/buffer 

spaces, or also 

system 

installations 

(i.e. central 

heating system)  

High, wherever the 

urban context and 

planning constraints 

allow it 

No demand for 

extra space in 

detached 

volumes 

Due to the urbanistic 

and landscape 

constraints, it is not 

possible to realize 

any supplementary 

volume detached 

from the existing 

building within the 

protected context. 

Even if considered a 

lightweight structure, 

the new assistant 

building module should 

have its own separate 

foundation. 

Roof 

extension 

module 

[2] 

 

Creating extra 

space at the 

top level in the 

attic 

Moderate, since the 

intervention context is 

protected 

No demand for 

extra space also 

thanks to the 

recovery of the 

area located on 

the second floor, 

in the attic 

Due to the urbanistic 

and historical-

documentary 

constraints, it is not 

possible to realize 

any volumetric 

additions outside the 

existing volume. 

Due to the urbanistic 

and historical-

documentary 

constraints, it is not 

possible to realize the 

deep structural 

consolidation and 

reinforcement 

interventions required 

by regulations, which 

could allow the 

implementation of an 

on top add-on. 

Table 5. Summary table relating to the scenarios analysed for the Italian demo case (©2022, DA - UNIBO). 

 

3.2.3.5 Estonia 

Type of 

3D 

extension 

module 

Key 

functionality 

Level of application 

in the Estonian 

housing market 

(market 

availability) 

Demand for 

application in 

the project 

Legal issues to be 

managed 

Technical issues to 

be solved 

Balcony 

extension 

modules 

[3, 4] 

(designed) 

New balconies 

to the south 

side of the 

building 

High - many renovated 

apartment buildings in 

Estonia have added 

new balconies. 

Demand from 

tenants  

Needs building permit.   There are no special 

technical issues. A 

foundation must be 

built for the balcony 

support structures. 
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Roof 

extension 

modules 

[2] 

An additional 

floor for new 

apartments 

Low - due to the costs 

and legal procedures 

involved. 

No demand It needs a building 

permit and requires the 

consent of all 

apartment owners. 

Building an additional 

floor also means the 

need for additional 

parking spaces. 

In the case of the 

Estonian demo, getting 

the building permit 

would be problematic 

because the new top 

floor would significantly 

reduce the sunlight for 

the apartments in the 

neighbouring building. 

The foundation of the 

Estonian pilot building 

has been built with a 

large load-bearing 

capacity reserve, and 

the construction of an 

additional floor does 

not cause significant 

problems. An additional 

floor can be built on top 

of an existing wall or on 

the insulation 

elements. 

Extension 

modules 

for the 

sides of 

the 

building  

[3,4] 

An additional  

living space to 

the end walls 

of the 

buildings 

Low - due to the costs 

and legal procedures 

involved. 

No demand It needs a building 

permit and requires the 

consent of all 

apartment owners. An 

additional room cannot 

be built on the 

sidewalls, as some 

existing rooms will be 

left without natural 

light. 

There are no special 

technical issues. A 

foundation must be 

built for the new 

support structures. 

Table 6. Summary table relating to the scenarios analysed for the Italian demo case (©2022, TalTech). 

 

3.2.3.6 Slovenia – Unec 

Type of 

3D 

extension 

module 

Key 

functionality 

Level of application 

in the Slovenian 

housing market 

(market 

availability) 

Demand for 

application in 

the project 

Legal issues to be 

managed 

Technical issues to 

be solved 

Basic 

extension 

module  

[1, 3] 

Extension of 

the living area 

at different 

levels 

Very common, 

competes with 

traditional brick-and-

mortar extensions 

No demand for 

extra space since 

the total net area 

is sufficient for 

the intended use  

A new building 

permit based on 

architectural designs 

is mandatory, if 

building border gets 

close to parcel border 

the neighbor’s 

approval is needed as 

well. Land needs to 

be defined as 

building plot. 

Aside addition is  

technically possible 
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Façade 

extension 

module 

[4] 

Creating extra 

space by 

moving the 

façade out of 

the current 

shape 

Low, since it involves 

an impactful 

demolition of an 

existing façade and 

interference with load 

bearing structure. 

Instead very often 

normal “open” 

balcony gets enclosed 

with cladding and 

glazing to achieve 

additional useful 

heated area. 

Alternatively, aside 

addition is rather 

built.  

No demand for 

extra space since 

the total net area 

is sufficient for 

the intended use.  

Mandatory new 

separate building 

permit based on 

architectural design 

and statical 

calculations. If 

building border gets 

close to parcel border 

the neighbor’s 

approval is needed as 

well. 

The possibility of 

façade extension 

module should be 

checked by structural 

engineer via structural 

calculations. 

Volumetric 

care unit 

[5] 

Creating a new 

volume for 

accommodating 

services/buffer 

spaces, or also 

system 

installations 

(i.e. central 

heating system)  

Medium, wherever 

the urban context and 

planning constraints 

allow it. Usually aside 

addition is built 

instead. Central 

heating system is 

almost always 

positioned in 

basement/boiler room 

within the main 

building. 

No current 

demand for extra 

space since the 

total net area is 

sufficient. There 

is an existing 

haystack nearby, 

which could be 

rearranged into 

small leisure unit. 

A new building 

permit based on 

architectural designs 

is mandatory, except 

for so called “non-

demanding 

buildings”. Land 

needs to be defined 

as building plot. 

Other limitations 

depend on individual 

municipality 

Technically possible 

Roof 

extension 

module 

[2] 

 

Creating extra 

space at the 

top level / attic 

High, but 

predominantly by 

raising height of the 

whole roof structure 

to gain useful height; 

sometimes 

simultaneously also 

some possibility to 

build additional 

mansard floor to fit a 

small bedroom under 

the pitched roof ridge 

No current 

demand for extra 

space since the 

total net area and 

net ceiling height  

is sufficient 

Local regulations 

exist regarding the 

maximum building 

height. Building 

permit is needed for 

raising roof structure. 

the possibility of top 

additions (raising roof 

structure) should be 

checked by structural 

engineer via structural 

calculations. 

Table 7. Summary table relating to the scenarios analysed for the frist Slovenian demo case (©2022, Knauf). 

 

3.2.3.7 Slovenia – Radovljica 

Type of 

3D 

extension 

module 

Key 

functionality 

Level of 

application in the 

Slovenian housing 

market (market 

availability) 

Demand for 

application in the 

project 

Legal issues to be 

managed 

Technical issues to 

be solved 
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Basic 

extension 

module  

[1, 3] 

Extension of 

the living area 

at different 

levels 

Very common, with 

extensions made of 

traditional brick and 

mortar 

Aside addition has 

already been done 

on this building two 

times in the past. 

There is no new 

demand for extra 

space since the total 

net area is now 

sufficient for the 

intended use. 

A new building 

permit based on 

architectural designs 

is mandatory. If it 

gets close to the 

parcel border, the 

neighbour’s 

approval is needed 

as well. Land needs 

to be defined as a 

building plot. 

Aside addition is 

technically possible 

Façade 

extension 

module 

[4] 

Creating extra 

space by 

moving the 

façade out of 

the current 

shape 

Low, since it involves 

an impactful 

demolition of an 

existing façade and 

interference with 

load-bearing 

structure. Instead, 

very often normal 

“open” balcony gets 

enclosed with 

cladding and glazing 

to achieve additional 

useful heated areas. 

Alternatively, aside 

addition is rather 

built.  

There is no demand 

for extra space since 

the total net area is 

sufficient for the 

intended use. 

A new separate 

building permit, 

based on 

architectural design 

and statical 

calculations, is 

mandatory. If it gets 

close to the parcel 

border, the 

neighbour’s 

approval is needed 

as well. 

The structural 

engineer should check 

the possibility of a 

façade extension 

module via structural 

calculations. 

Volumetric 

care unit 

[5] 

Creating a new 

volume for 

accommodating 

services/buffer 

spaces, or also 

system 

installations 

(i.e. central 

heating system)  

Medium, wherever 

the urban context 

and planning 

constraints allow it. 

Usually, aside 

addition is built 

instead. The central 

heating system is 

almost always 

positioned in the 

basement/boiler 

room within the main 

building. 

No demand. Two 

separate volumetric 

units were already 

built in the past 

(workshop and 

office/leisure/storage 

building). The 

heating system is in 

the dedicated indoor 

boiler room. 

A new building 

permit based on 

architectural designs 

is mandatory, 

except for so-called 

“non-demanding 

buildings”. Land 

needs to be defined 

as a building plot. 

Other limitations 

depend on the 

individual 

municipality 

Technically possible 

Roof 

extension 

module 

[2] 

 

Creating extra 

space at the 

top level/attic 

High, but 

predominantly by 

raising the height of 

the whole roof 

structure to gain 

useful height; 

sometimes 

simultaneously also 

some possibility to 

build additional 

mansard floor to fit a 

There is no current 

demand for extra 

space since the total 

net area and net 

ceiling height are 

sufficient. The loft 

was already 

rearranged into a 

bedroom in the past. 

 

Local regulations 

exist regarding the 

maximum building 

height. A building 

permit is needed for 

raising the roof 

structure. 

The structural 

engineer should check 

the possibility of top 

additions (raising roof 

structure) via 

structural 

calculations. 
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small bedroom under 

the pitched roof 

ridge 

Table 8. Summary table relating to the scenarios analysed for the second Slovenian demo case (©2022, Knauf). 

 

3.2.3.8 Greece – Athens Center 

Type of 

3D 

extension 

module 

Key 

functionality 

Level of application 

in the Greek 

housing market 

(market 

availability) 

Demand for 

application in 

the project 

Legal issues to be 

managed 

Technical issues to 

be solved 

Basic 

extension 

module 

[1, 3] 

Extension of 

the living area 

at ground level 

or aside 

Very low, since both 

areas are usually fully 

occupied or built 

No possibility due 

to occupied 

ground space and 

no space aside 

Due to the urban 

constraints, it is not 

possible to realize 

any volumetric 

additions outside the 

existing volume. 

The static design of the 

building has taken as a 

precondition the 

construction of the 

building as the current 

state, so the 

foundations and the 

supporting structure 

are sufficient for the 

existing two-floors 

Façade 

extension 

module 

[4] 

Creating extra 

space by façade 

expansion 

Very low, since it 

involves an impactful 

demolition of an 

existing façade and 

there will usually not 

be space for façade 

extension 

No possibility due 

to limitations on 

façade expansion 

Due to the urban 

constraints, it is not 

possible to realize 

any volumetric 

additions outside the 

existing volume. 

Due to the urbanistic 

constraints, it is not 

possible to realize the 

deep structural 

consolidation and 

reinforcement 

interventions required 

by regulations, which 

could allow the 

implementation of a 

façade add-on. 

Volumetric 

care unit 

[5] 

Creating a new 

volume for 

accommodating 

services (i.e. 

central heating 

system) 

High, wherever the 

urban context and 

planning constraints 

allow it 

No demand since 

there is already 

space for this 

Regarding the 

existing apartment, 

the maximum 

allowable 

construction limits 

have been covered. 

Thus, it is not allowed 

to add any section by 

extension or by 

height to form a 

single entity. 

The static design of the 

building has taken as a 

precondition the 

construction of two 

floors of the building, 

so the foundations and 

the supporting 

structure are sufficient 

for the existing two 

floors, but a further 

static adequacy study is 

needed in case of 

additional construction 

and therefore 

additional loads 
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Roof 

extension 

module 

[2] 

 

Creating extra 

space at the 

top level on the 

roof 

High, for extra living 

space needs where 

necessary and where 

possible 

Very high 

demand, no 

possibility due to 

regulatory 

restrictions on 

further floor 

expansion 

The urbanistic and 

landscape constraints 

do not allow the 

realization of new 

volumes within the 

city plan. Regarding 

the existing 

apartment, the 

maximum allowable 

construction limits 

have been covered. 

Thus, it is not allowed 

to add any section by 

extension or by 

height to form a 

single entity. 

The static design of the 

building has taken as a 

precondition the 

construction of two 

floors of the building. 

Hence, the foundations 

and the supporting 

structure are sufficient 

for the existing two 

floors. Still, a further 

static adequacy study is 

needed in case of 

additional construction 

and, therefore, 

additional loads. 

Table 9. Summary table relating to the scenarios analysed for the first Greek demo case (©2022, NKUA). 

 

3.2.3.9 Greece – Anavysos, Attica 

Type of 

3D 

extension 

module 

Key 

functionality 

Level of application 

in the Greek 

housing market 

(market 

availability) 

Demand for 

application in 

the project 

Legal issues to be 

managed 

Technical issues to 

be solved 

Basic 

extension 

module  

[1, 3] 

Extension of 

the living area 

at ground level 

or aside 

Very low, since both 

areas are usually fully 

occupied or built 

No possibility due 

to occupied 

ground space and 

no space aside 

A prerequisite for 

existing homes is 

their legitimacy, and 

the study of adding 

additions to these 

homes are governed 

by Article 3 of Law 

4067/12. The low 

urbanistic constraints 

do not allow realizing 

any volumetric 

additions on the 

building, nor a 

supplementary 

volume detached 

from the existing 

house. 

Singe detached house 

with no possibility of 

these extensions 

(ground floor is the 

living space of the 

house and aside there 

is no space) 

Façade 

extension 

module 

[4] 

Creating extra 

space by façade 

expansion 

 Very low, since it 

involves an impactful 

demolition of an 

existing façade and 

there will usually not 

be space for façade 

extension 

No possibility due 

to limitations on 

expansion 

Due to the urban 

constraints, it is not 

possible to realize 

any volumetric 

additions outside the 

existing volume. 

Due to the urbanistic 

constraints, it is not 

possible to realize the 

deep structural 

consolidation and 

reinforcement 

interventions required 

by regulations, which 
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could allow the 

implementation of a 

façade add-on. 

Volumetric 

care unit 

[5] 

Creating a new 

volume for 

accommodating 

services (i.e. 

central heating 

system)  

High, wherever the 

urban context and 

planning constraints 

allow it 

No possibility due 

to limitations on 

expansion 

The low urbanistic 

constraints do not 

allow realizing any 

volumetric additions 

on the building, nor a 

supplementary 

volume detached 

from the existing 

house. 

Due to the urbanistic 

constraints, it is not 

possible to realize the 

deep structural 

consolidation and 

reinforcement 

interventions required 

by regulations, which 

could allow the 

implementation of this 

add-on. 

Roof 

extension 

module 

[2] 

 

Creating extra 

space at the 

top level on the 

roof 

High, for extra living 

space needs where 

necessary and where 

possible  

No possibility due 

to technical 

limitations on the 

expansion (roof) 

The low urbanistic 

constraints do not 

allow realizing any 

volumetric additions 

on the building, nor a 

supplementary 

volume detached 

from the existing 

house. 

The static design of the 

building is sufficient for 

the existing house, but 

a further static 

adequacy study is 

needed in case of 

additional construction 

and, therefore, 

additional loads. 

Furthermore, this 

detached house has a 

tiled roof and would 

not allow roof 

extension. 

Table 10. Summary table relating to the scenarios analysed for the second Greek demo case (©2022, NKUA). 
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3.3 Application to the selected feasible demo cases 

The development of the feasibility studies was crucial for selecting the demonstrators on which to applicate 

the 3D circular add-ons solutions, according to the strategy mentioned above based on the circular criteria 

and principles. 

In the light of the outcomes from the feasibility studies, in this chapter, the following pilots are considered: 

• the pilots located in the Netherlands and Spain, as digital simulation experiences; 

• the pilots located in Estonia and Ireland, as construction experiences. 

 

3.3.1 Digital simulations experiences 

For both the Dutch and the Spanish pilots, the different scenarios following were considered: 

• Current State (CS); 

• Deep Renovation (i.e. the intervention physically carried out within the DRIVE 0 project) (DR); 

• Add-on type 1 (S1); 

• Add-on type 2 (S2); 

• Add-on type 3 (S3);  

• Combination of the three types of add-ons (TOT).  

 

The add-on 3D solutions were designed starting from the 2D circular systems that will be used in the pilots' 

deep renovation interventions. 

In particular: 

o for the Dutch demo case, the volumetric additions are based on the dry assembly of the wooden panels 

designed and produced by WEBO; 

o for the Spanish demo case, the volumetric additions are based on the dry assembly of load-bearing 

panels in Cross Laminated Timber (CLT), above which is anchored a substructure for the installation of 

photovoltaic (PV) panels on façade, similar to the one designed by Sistema Masa. 

 

These solutions were studied at the level of construction details and were graphically illustrated (in scale 

1:5/1:10/1:15) in order to analyse the assembly/disassembly modalities of the components and, therefore, 

to evaluate their circularity. 
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3.3.1.1 The Netherlands  

 

Table 11. Summary table relating to the scenarios analysed for the Dutch demo case (©2021, DA – UNIBO). 

  
 S

C
E

N
A

R
IO

S

CS_CURRENT STATE REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 4 Mass [kg] 495 452 kg

NET AREA/UNIT: 92 m2 EE [MJ] 1 081 497 MJ

EC [kgCO
2
] 104 116 kgCO

2

HEATED UNHEATED TOT

GROSS AREA 377,28 m2 92,38 m2 469,66 m2 EASY B.C.I.

NET AREA 289,44 m2 78,1 m2 367,54 m2 Mass 0,31

EE 0,34

ECONOMIC EVALUATION EC 0,33

REAL ESTATE VALUE [€/m2] 1.589 €/m2

REAL ESTATE VALUE [€] 521.952 € Facade analysis:

Transp. Opaque Transp. Opaque

Building dimensions: N 15% 85% E 0% 100%

L: 24,34 m W: 7,75 m H: 8,5 m S 24% 76% W 0% 100%

DR_DEEP RENOVATION REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 4 Mass [kg] 455 475  kg

NET AREA/UNIT: 92 m2 EE [MJ] 1 160 180 MJ

EC [kgCO
2
] 109 193 kgCO

2

HEATED UNHEATED TOT

GROSS AREA 417,33 m2 93,62 m2 510,95 m2 EASY B.C.I.

NET AREA 289,44 m2 78,1 m2 367,54 m2 Mass 0,60

EE 0,62

ECONOMIC EVALUATION EC 0,62

REAL ESTATE VALUE [€/m2] 2989 €/m2

REAL ESTATE VALUE [€] 460 000€

RENOVATED BUILDING VALUE [€] 981 952 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 25 m W: 8,37 m H: 8,5 m N 14% 86% E 0% 100%

NET AREA INCREASING [%] 0 % S 23% 77% W 0% 100%

T
Y

P
E

 O
F

 A
D

O
R

E
S

S1_TOP REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 4 Mass [kg] 466 521 kg

NET AREA/UNIT: 100 m2 EE [MJ] 1 826 145 MJ

EC [kgCO
2
] 145 558 kgCO

2

HEATED UNHEATED TOT

GROSS AREA 500,13 m2 43,70 m2 543,83 m2 EASY B.C.I.

NET AREA 289,44 m2 198,72 m2 488,16 m2 Mass 0,60

EE 0,67

ECONOMIC EVALUATION EC 0,65

REAL ESTATE VALUE [€/m2] 2989 €/m2

REAL ESTATE VALUE [€] 569 306 €

RENOVATED BUILDING VALUE [€] 1 153 306 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 25 m W: 8,37 m H: 8,5 m N 20% 80% E 0% 100%

NET AREA INCREASING [%] + 9% S 23% 77% W 0% 100%

S2_GROUND REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 4 Mass [kg] 474 704 kg

NET AREA/UNIT: 98 m2 EE [MJ] 1 334 825 MJ

EC [kgCO
2
] 121 640 kgCO

2

HEATED UNHEATED TOT

GROSS AREA 446,31 m2 93,62 m2 539,93 m2 EASY B.C.I.

NET AREA 314,23 m2 78,1 m2 392,33 m2 Mass 0,60

EE 0,62

ECONOMIC EVALUATION EC 0,62

REAL ESTATE VALUE [€/m2] 2989 €/m2

REAL ESTATE VALUE [€] 471 954 €

RENOVATED BUILDING VALUE [€] 1 055 954 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 25 m W: 10,68 m H: 8,5 m N 14% 86% E 0% 100%

NET AREA INCREASING [%] + 7% S 21% 79% W 6% 94%

S3_ASIDE       
Technical limit

S4_FACADE REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 4 Mass [kg] 477 596 kg

NET AREA/UNIT: 107 m2 EE [MJ] 1 311 222 MJ

EC [kgCO
2
] 122 795 kgCO

2

HEATED UNHEATED TOT

GROSS AREA 482 m2 293,62 m2 575,62 m2 EASY B.C.I.

NET AREA 351 m2 78,1 m2 429,1 m2 Mass 0,60

EE 0,62

ECONOMIC EVALUATION EC 0,61

REAL ESTATE VALUE [€/m2] 2989 €/m2

REAL ESTATE VALUE [€] 581 859 €

RENOVATED BUILDING VALUE [€] 1 165 859 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 25 m W: 9,66 m H: 8,5 m N 14% 86% E 0% 100%

NET AREA INCREASING [%] + 17% S 23% 77% W 0% 100%

S5_ASSISTANT BUILDING Technical limit

TOT_COMBINATION REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 4 Mass [kg] 508 185 kg

NET AREA/UNIT: 122 m2 EE [MJ]  2 155 216 MJ

EC [kgCO
2
] 171 842 kgCO

2

HEATED UNHEATED TOT

GROSS AREA 593,78 m2 43,7 m2 637,48 m2 EASY B.C.I.

NET AREA 456,5 m2 31,7 m2 488,2 m2 Mass 0,55

EE 0,64

ECONOMIC EVALUATION EC 0,61

REAL ESTATE VALUE [€/m2] 2989 €/m2

REAL ESTATE VALUE [€] 827 854 €

RENOVATED BUILDING VALUE [€] 1 411 854 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 25 m W: 12 m H: 8,5 m N 20% 80% E 0% 100%

NET AREA INCREASING [%] + 33% S 21% 79% W 5% 95%

VOLUMETRIC ADDITIONS RELATED TO

BURGEMEESTER PELZERSTRAAT 6-10, 6374 JJ LANDGRAAF, 

NETHERLANDS
NL 1
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The Dutch pilot, located in Landgraaf, in the south of the Netherlands, consists of a block of four terraced 

housing units. This system construction is typical of the area, and this block was designed in 1965. In those 

years, it was common to build these houses with a cavity wall. Today this construction technique is outdated, 

so a renewal is necessary. The building shows a relatively standardized floorplan: on the ground floor, there 

is the entrance, the kitchen, and the living room; on the first floor, there are 2-3 bedrooms and a bathroom; 

currently, the attic is not habitable. 

 

   

 

  

 

 

 

 

 

Figure 60. Technical drawings related to the Dutch pilot et the current state: elevations, plans, and section (© 2021, UNIBO - DA). 
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The DR scenario designed within the framework of the DRIVE 0 project is aimed at the refurbishment of the 

building envelope in order to improve the energy performance (obtainment of Label B). In particular, the 

intervention consists in removing one of the two single-headed masonry walls (the external one) and 

replacing it with a prefabricated wall composed of a plug&play system produced by WEBO. 

WEBO has developed a solution specifically designed for the Dutch case study in order to create a real 

prototype that can be reproduced on other similar cases. It consists of a double skin façade: the first layer 

consists of a wooden frame between which wood fibre insulation panels are enclosed, while the second layer 

has slats for the external cladding for ventilation of the facade. This is an unusual system for a case study in 

the Netherlands; however, given the wide applicability of this system to other geographical areas, it was 

considered appropriate to analyse it because it can prove to be an extremely valid solution in the 

Mediterranean climate. 

 

 

Figure 61. Technical drawings of the 2D circular solution designed by WEBO (© 2021, UNIBO – DA after ZUYD and WEBO). 
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Figure 62. Assembly scheme of the WEBO façade system (© 2021, UNIBO - DA). 

 

All the add-ons solutions presented below were thought to be carried out in combination with the 

intervention foreseen in the DR scenario, based on the WEBO façade system. Indeed, all the following add-

on solutions were designed as a completion of the DR intervention. 

The first add-on scenario (S1) provides a partial on top add-on constituted of dormers in order to increase 

the net area of the spaces dedicated to the bedrooms that, at the current state, are not habitable (minimum 

internal height equal to 2.10m). The sizing was done according to Dutch standards, and an attempt was made 

to limit the demolition of the roof to a minimum to not produce demolition waste. This type of intervention 
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does not involve the total demolition of the roof, and if certain dimensional standards are respected, 

sometimes the building permit is not even required to carry them out. In this case, it would be necessary 

because they should be built on the street side, as the backyard is south facing and must house the PV panels. 

 

 

Figure 63. Transversal section of the building representing the 3D circular solution for realizing the on the top add-on, based on the 

development of the 2D circular solution by WEBO (© 2021, UNIBO - DA). 

 

The second add-on scenario (S2) provides a volumetric ground add-on in order to increase the net area of 

the kitchen and the living areas. Since the space in the backyard is limited, volumetric additions were 

designed not to occupy too much land to leave as much green space as possible available to the housing 

units. Furthermore, a green roof was proposed because the volumetric additions were made with the 

construction technique of the platform frame to which it is possible to apply the WEBO technology. 
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Figure 64. Transversal section of the building representing the 3D circular solution for realizing the on the top add-on, based on the 

development of the 2D circular solution by WEBO (© 2021, UNIBO - DA). 

 

The third add-on scenario (S3) provides a volumetric façade add-on to increase the net area of the spaces 

dedicated to living rooms and bedrooms at two levels. Again, the 3D solution is based on the implementation 

of a prefab plug&play system, composed of the same façade system developed by WEBO and applied in the 

DR scenario. This scenario proposes a volumetric addition which consists of the complete extrusion of the 

north façade. As in the previous cases, this scenario is also combined with the renovation of the facade on 

all elevations and the new portion is built in platform frame technique. 
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Figure 65. Transversal section of the building representing the 3D circular solution for realizing the façade add-on, based on the 

development of the 2D circular solution by WEBO (© 2021, UNIBO - DA). 

 

Finally, a scenario (TOT) including all the renovation scenarios described above was developed in order to 

evaluate the compatibility of the 3D circular solutions and to assess the circularity of the intervention that 

maximize the increase of net area and then the increase of the real estate value of the building. 

This is a rather unlikely case, as it is difficult for all end-users to feel the need for such a vast increase in the 

usable surface. However, it was decided to perform the analysis precisely to evaluate even the potentially 

most unfavourable cases. 
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Figure 66. Transversal section of the building representing the building renovated  through the implementation of the deep 

renovation and all the add-on solutions integrated in a whole intervention (© 2021, UNIBO - DA). 
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3.3.1.2 Spain 

 

Table 12. Summary table relating to the scenarios analysed for the Spanish demo case (©2021, DA – UNIBO). 

  
 S

C
E

N
A

R
IO

S

CS_CURRENT STATE REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 10 Mass [kg] 1,654,898 kg

NET AREA/UNIT: 149.51 m2 EE [MJ] 5,024,148 MJ

EC [kgCO
2
] 432,520 kgCO

2
e

HEATED UNHEATED TOT

GROSS AREA 848.70 m2 615.56 m2 1,464.26 

m2 EASY B.C.I.

NET AREA 768.15 m2 582,09 m2 1,350.24 

m2 Mass 0.23

EE 0.29

ECONOMIC EVALUATION EC 0.27

REAL ESTATE VALUE [€/m2] 3,751 €/m2

REAL ESTATE VALUE [€]  4,620,181 € Facade analysis:

Transp. Opaque Transp. Opaque

Building dimensions: NE 7.33 % 92.67 % SE 21.63 % 78.37 %

L: 32.94 m W: 12.12 m H: 23.35 m SW 0 % 100 % NW 27.44 % 72.56 %

DR_DEEP RENOVATION REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 10 Mass [kg] 1,708,212 kg

NET AREA/UNIT: 149.51 m2 EE [MJ] 6,945,848 MJ

EC [kgCO
2
] 546,404 kgCO

2
e

HEATED UNHEATED TOT

GROSS AREA 848.70 m2 615.56 m2 1,464.26 

m2 EASY B.C.I.

NET AREA 768.15 m2 582,09 m2 1,350.24 

m2 Mass 0.53

EE 0.54

ECONOMIC EVALUATION EC 0.53

RENOVATION COST [€/m2] 119 €/m2

RENOVATION COST [€] 174,338 €

RENOVATED BUILDING VALUE [€] 6,649,760 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 32.94 m W: 12.12 m H: 23.35 m NE 7.33 % 92.67 % SE 21.63 % 78.37 %

NET AREA INCREASING [%] 0 % SW 1.28 % 98.72 % NW 27.44 % 72.56 %

T
Y

P
E

 O
F

 A
D

O
R

E
S

S1_TOP REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 12 Mass [kg] 1,800,023 kg

NET AREA/UNIT: 123.80 m2 EE [MJ] 8,225,367 MJ

EC [kgCO
2
] 621,513 kgCO

2
e

HEATED UNHEATED TOT

GROSS AREA 957.66 m2 642.44 m2 1,600.10 

m2 EASY B.C.I.

NET AREA 867.63 m2 608.97 m2 1,476.60 

m2 Mass 0.53

EE 0.53

ECONOMIC EVALUATION EC 0.53

RENOVATION COST [€/m2] 212 €/m2

RENOVATION COST [€] 340,770 €

RENOVATED BUILDING VALUE [€]  7,401,668 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 32.94 m W: 12.12 m H: 23.35 m NE 7.45 % 92.55 % SE 23.54 % 76.46 %

NET AREA INCREASING [%] 9 % SW 8.99 % 91.01 % NW 27.24 % 72.76 %

S2_GROUND
Technical limit

S3_ASIDE REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 10 Mass [kg] 1,896,866 kg

NET AREA/UNIT: 169.24 m2 EE [MJ] 7,827,382 MJ

EC [kgCO
2
] 615,262 kgCO

2
e

HEATED UNHEATED TOT

GROSS AREA 848.70 m2 810.71 m2 1,659.41 

m2 EASY B.C.I.

NET AREA 768.15 m2 745.77 m2 1,513.92 

m2 Mass 0.52

EE 0.54

ECONOMIC EVALUATION EC 0.53

RENOVATION COST [€/m2] 276 €/m2

RENOVATION COST [€] 459,271 €

RENOVATED BUILDING VALUE [€] 7,210,816 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 34.39 m W: 14.10 m H: 23.35 m NE 11.02 % 88.98 % SE 29.12 % 70.88 %

NET AREA INCREASING [%] +12 % SW 31.51 % 68.49 % NW 31.98 % 68.02 %

S4_FACADE REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 10 Mass [kg] 1,728,598 kg

NET AREA/UNIT: 149.51 m2 EE [MJ] 7,293,708 MJ

EC [kgCO
2
] 567,547 kgCO

2
e

HEATED UNHEATED TOT

GROSS AREA 848.70 m2 615.56 m2 1,464.26 

m2 EASY B.C.I.

NET AREA 768.15 m2 582,09 m2 1,350.24 

m2 Mass 0.53

EE 0.54

ECONOMIC EVALUATION EC 0.53

RENOVATION COST [€/m2] 235 €/m2

RENOVATION COST [€] 344,364 €

RENOVATED BUILDING VALUE [€]  6,649,760 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 32.94 m W: 12.12 m H: 23.35 m NE 7.33 % 92.67 % SE 39.54 % 60.46 %

NET AREA INCREASING [%] 0 % SW 1.28 % 98.72 % NW 27.44% 72.56 %

S5_ASSISTANT BUILDING Technical limit Not available area around the building

TOT_COMBINATION REAL ESTATE VALUE DRIVE 0 DATA

UNITS: 12 Mass [kg] 2,009,063 kg

NET AREA/UNIT:  140.24 m2 EE [MJ] 9,454,762 MJ

EC [kgCO
2
] 711,514 kgCO

2
e

HEATED UNHEATED TOT

GROSS AREA 957.66 m2 871.16 m2 1,828.82 

m2 EASY B.C.I.

NET AREA 867.63 m2 806.22 m2 1,673.85 

m2 Mass 0.52

EE 0.53

ECONOMIC EVALUATION EC 0.53

RENOVATION COST [€/m2] 435 €/m2

RENOVATION COST [€] 795,730 €

RENOVATED BUILDING VALUE [€] 8,043,081 €

Facade analysis:

Building dimensions: Transp. Opaque Transp. Opaque

L: 34.39 m W: 14.90 m H: 23.35 m NE 10.57 % 89.43 % SE 40.24 % 59.76 %

NET AREA INCREASING [%] +24 % SO 36.17 % 63.83 % NW 31.40 % 68.60 %

VOLUMETRIC ADDITIONS RELATED TO

CARRER DE PALLARS 323, 08005 BARCELONA, SPAIN ES 2

South-West facade South-East facade

Roof

North-East facade North-West facade

South-West facade South-East facade

Roof

North-East facade North-West facade

South-West facade South-East facade

Roof

North-East facade North-West facade

South-West facade South-East facade

Roof

North-East facade North-West facade

South-West facade South-East facade

Roof

North-East facade North-West facade

South-West facade South-East facade

Roof

North-East facade North-West facade
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The Spanish demo case, located in the north-east of the city of Barcelona, was built. It is a reinforced concrete 

frame structure with solid brick infill. The building has seven floors: ground floor, five standard floors, and a 

totally open roof floor. The building is characterised by the presence of a “medianera”, i.e. a blind wall that 

was built in the past to give the possibility of constructing a neighbouring building of greater height. 

 

 

Figure 67. 3D model of the Spanish pilot at the current state (© 2021, UNIBO - DA). 

 

The DR scenario concerns the refurbishment of the south-west oriented façade through the implementation 

of a new façade system designed by Pich Architects in cooperation with the companies involved in the project 

(Sistema Masa, Solitek, Equitone, and Verdtical). 

 

 

 

Figure 68. Representation of the building renovated through the DR intervention that will be physically realized (© 2021, UNIBO - 

DA). 
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In particular, the new façade is conceived as a ventilated façade based on an aluminium substructure and 

insulated with rock wool. It provides three different solutions for the external cladding: integrated 

photovoltaic panels arranged according to the study of solar radiation; green wall; prefabricated opaque 

panels made of recycled fibre cement. 

 

Figure 69. Specification of the components and systems implemented for the deep renovation intervention (© 2021, UNIBO - DA). 

 

The first add-on scenario (S1) is the on top add-on, that was considered as combined with DR scenario, as 

are all the other scenarios. The top addition consists of an additional volume on the roof in order to create 

two new housing units. The 3D circular solutions designed for the volumetric addition are based on materials, 

components, and technologies mainly prefabricated and compatible with the DR intervention. The modules 

of the two housing units, previously assembled, can arrive at the site and be transported to the roof using a 

crane, drastically reducing the duration of the construction site and the invasiveness of the intervention. The 

external walls are made of X-Lam with a wood fibre cladding, while for the interior partitions, a wall system 

with a wood structure and rock wool was chosen. The roof, made of X-Lam, is equipped with extensive green 

areas and a photovoltaic system. The transparent closures chosen have PVC frames and double glazing with 

argon gas. They are sliding and are screened by a system of sliding wooden shading systems. The products 

chosen for the windows and screens are the same for each scenario. 
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Figure 70. Representation of the building renovated through the top add- on implementation,  based on 3D circular solutions(© 

2021, UNIBO - DA). 

 

Figure 71. Specification of the components and systems implemented for the on top add-on scenario (© 2021, UNIBO - DA). 

 

The aside add-on scenario (S2) is combined with the DR intervention, which in this case has a reduced 

extension and involves only the part of the “medianera” excluded from the volumetric addition. In this case, 

too, a prefabricated X-Lam system was chosen, in which the partitions unload the weight of the structure 

onto new inverted beam foundations. The new volumes act as solar greenhouses with a radiant exchange. 

Attention must be paid to the summer phase when overheating must be prevented by means of mobile 

screens and natural ventilation. The parapet is covered with photovoltaic panels. 
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Figure 72. Representation of the building renovated through the aside add-on implementation, based on 3D circular solutions (© 

2021, UNIBO - DA). 

 

Figure 73. Specification of the components and systems implemented for the aside add-on scenario (© 2021, UNIBO - DA). 

 

The façade add-on scenario (S3) consists of closing the balconies of the south-east oriented façade with 

transparent closures in order to create bioclimatic greenhouses for radiant exchange of solar energy. The 

thickness of the parapet had to be increased, and once again, X-Lam was chosen. Then, it was decided to 

insulate both the intrados and the extrados of the balcony slab with rock wool to minimise the thermal 

bridge. 
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Figure 74. Representation of the building renovated through the façade add-on implementation, based on 3D circular solutions (© 

2021, UNIBO - DA). 

 

Figure 75. Specification of the components and systems implemented for the façade add-on scenario (© 2021, UNIBO - DA). 

 

 

Finally, a scenario (TOT) including all the renovation scenarios described above was developed to evaluate 

the compatibility of the 3D circular solutions and to assess the circularity of the intervention that maximises 

the increase of net area and then the increase of the real estate value of the building. 
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Figure 76. Representation of the building renovated through the implementation of the deep renovation and all the add-on solutions 

integrated into a whole intervention (© 2021, UNIBO - DA). 
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3.3.2 Construction experiences 

For both the Estonian and the Irish pilots, the different scenarios following were considered: 

• Current State (CS); 

• Deep Renovation (i.e. the intervention physically carried out within the DRIVE 0 project) (DR); 

• Add-on type 1 (S1); 

• Add-on type 2 (S2); 

• Add-on type 3 (S3);  

• Combination of the three types of add-ons (TOT).  

 

The add-on 3D solutions were designed based on the 3D circular solutions that will be physically implemented 

in the deep renovation interventions of the pilots or starting from the 2D solutions that will be used. 

In particular: 

o for the Estonian demo case, the volumetric additions are based on the dry assembly of the wooden 

panels designed and produced by TIMBECO; 

o for the Irish demo case, the volumetric additions are based on the dry assembly of a Light Steel Frame 

(LSF) system constituted of a light gauge steel structure with a thermal insulating layer in rockwool. 

 

These solutions were studied at the level of construction details and were graphically illustrated (in scale 

1:5/1:10/1:15) in order to study the assembly/disassembly of the components and, therefore, to evaluate 

their circularity. 
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3.3.2.1 Estonia 

 

Table 13. Summary table relating to the scenarios analysed for the Estonian demo case (©2021, DA – UNIBO). 
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The Estonian case study, located in Saue, consists of an in-line building of 3 floors out of the ground and a 

basement, comprising a total of 24 flats, built in 1986. Its structure is made of aerated autoclaved concrete 

(AAC) blocks and precast reinforced concrete hollow core slabs. Its roof, originally made of double wooden 

frames and ceramic tiles, was renewed in 2001 by replacing the surface layer of tiles with a trapezoidal 

profiled sheet metal covering, while the wooden supporting structure remained unchanged.  

 

 

    
 

 

Figure 77. Technical drawings related to the Estonian pilot at the current state: (top) façades and (bottom) axonometric view (© 

2022, UNIBO – DA after MiHo Arhitektuuribürooafter). 
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The DR scenario is mainly aimed at the implementation of an energy refurbishment of the building in order 

to solve the performance deficiencies related to the lack of insulation in the external walls of the building, 

which is necessary due to the climatic characteristics of the place (the external temperature is constantly 

kept below 0° C, with cold waves recorded up to -40 °C). Therefore, the intervention includes the installation 

of a second building envelope, consisting of a large, prefabricated insulation panel designed and produced 

by TIMBECO. The panel consists of a wooden frame structure with several layers of insulation inside, mainly 

in glass and rock wool, and is covered externally by a fibre cement panel (Cembrit Patina, 8 mm thick). The 

system is anchored to the existing façade with a plug&play mechanical anchorage: this factor, together with 

the type of materials selected, determines the circularity of this innovative solution. On the other hand, the 

masonry of the basement floor was insulated through the insertion of a 250mm EPS layer (expanded 

polystyrene), also covered by a fibre cement panel (Cembrit Patina, 8 mm thick). The condominiums 

requested a larger surface area in the kitchen area, exposed for each flat on the north-west side of the 

building and characterized by the presence of balconies. Thus, the DR intervention also included the closure 

of these balconies. On the south-east side, on the other hand, new balconies of 4.5m2 each have been 

opened, entirely made with prefabricated structures and dry mounted in situ, whose bearing structure is 

characterised by metal profiles of various sections and dimensions. As far as the roof is concerned, the 

trapezoidal roofing sheet inserted in 2001 was replaced with a new one with a classic profile in hot galvanised 

steel (Weckman Elegant 0.5 mm), on which the Winaico photovoltaic panel system (0.98x1.657m) was 

integrated. Finally, the attic floor was insulated by insufflation of loose glass wool (ISOVER KV041). 

 

 

  
Figure 78. Technical detail of the circular plug&play façade panel designed by TIMBECO (© 2021, TIMBECO).  
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Figure 79. Representation of the building renovated through deep renovation intervention that will be physically realized: façades 

(© 2022, UNIBO - DA). 

 

 

Figure 80. Representation of the building renovated through deep renovation intervention that will be physically realized: 

axonometric view (© 2022, UNIBO - DA). 

 

The on top add-on scenario (S1) involves the addition of a whole floor, resulting in an increase of 8 residential 

units in the building. The structural analyses carried out show that this is technically feasible and does not 

require an extension of the existing foundations. This scenario involves the following work phases: the 
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dismantling of the entire roof, the construction of a floor similar to the existing ones (in precast concrete 

hollow core slabs), the subsequent construction of a floor similar to the floors below (i.e. external perimeter 

masonry in aerated autoclaved concrete blocks and TIMBECO panel), the reassembly of the existing wooden 

roof, and the modification of the new roof covering with a classic profile in hot galvanised steel (Weckman 

Elegant 0. 5 mm), on which the Winaico photovoltaic panel system (0.98x1.657m) was integrated. 

 

 

 

 

Figure 81. Representation of the building renovated through the on top add-on implementation, based on 3D circular solutions: 

façades (© 2022, UNIBO - DA). 
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Figure 82. Representation of the building renovated through the on top add-on implementation, based on 3D circular solutions: 

axonometric view (© 2022, UNIBO - DA). 

 

 

The aside add-on (S2) involves extending the existing building along its short sides by approximately 1.5m on 

each side. As a result, an extension of the living area of the two head flats, at each storey, is obtained for an 

area of about 17 m2 each. It is foreseen to realise the load-bearing structure of this building extension with a 

solution similar to that foreseen for the balconies in the DR scenario: characterised by a load-bearing metal 

structure and concrete slabs, entirely prefabricated and dry-assembled in situ. On the south-west side, the 

extension is realised by the insertion of greenhouses-balconies, while on the north-east side, the extension 

simply foresees an increase of the net area of the two housing units involved. 
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Figure 83. Representation of the building renovated through the aside add-on implementation, based on 3D circular solutions: 

façades (© 2022, UNIBO - DA). 

 

 

Figure 84. Representation of the building renovated through the aside add-on implementation, based on 3D circular solutions: 

axonometric view (© 2022, UNIBO - DA). 

 

The façade add-on (S3) provides for the conversion of the balconies added on the south-east front into 

greenhouses. The closure of these spaces is achieved, in the lower part, by the installation of an additional 
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layer leaning against the parapet, made of insulating and inert material for the accumulation of solar 

radiation, and, in the upper part, by the installation of sliding frames (Solarlux SL25) for the upper part. 

 

 

 

 

Figure 85. Representation of the building renovated through the façade add-on implementation, based on 3D circular solutions: 

façades (© 2022, UNIBO - DA). 

 

 

Figure 86. Representation of the building renovated through the façade add-on implementation, based on 3D circular solutions: 

axonometric view (© 2022, UNIBO - DA). 

 



  
 

 
H2020 DRIVE 0_841850_WP2_Task 2.4_Deliverable 2.3                   

  

 

114 

Finally, it was considered the scenario combining the add-ons solutions (TOT) in a unique intervention, 

leading to a total increase of 32 residential units in the building. 

 

 

 

 

Figure 87. Representation of the building renovated through the implementation of the deep renovation and all the add-on solutions 

integrated into a whole intervention: façades (© 2022, UNIBO - DA). 
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Figure 88. Representation of the building renovated through the implementation of the deep renovation and all the add-on solutions 

integrated into a whole intervention: axonometric view (© 2022, UNIBO - DA). 
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3.3.2.2 Ireland 

 

Table 14. Summary table relating to the scenarios analysed for the Irish demo case (©2021, DA – UNIBO) 

CS CURRENT STATE REAL ESTATE VALUE DRIVE 0 DATA

NI : 2 M  184,235 
NE  AREA/ NI : 87.02 2 EE MJ 665,905 MJ

EC CO2 60,391 CO2

HEA ED NHEA ED O
GRO  AREA 181.80 2 12.98 2 194.78 2 EAS  B.C.I.
NE  AREA 163.62 2 10.42 2 174.04 2 M 0.30

EE 0.35
ECONOMIC EVALUATION EC 0.35

REAL E A E AL E / 2 2,038 / 2

REAL E A E AL E 383,802 F  :
. O . O

B  : N 16% 84% E 1% 99%
L: 11.25 : 9.40 H: 7.70 28% 72% 0% 100%

DR DEEP RENOVATION REAL ESTATE VALUE DRIVE 0 DATA

NI : 2 M  194.873 
NE  AREA/ NI : 86.40 2 EE MJ 900,085 MJ

EC CO2 69,505 CO2

HEA ED NHEA ED O
GRO  AREA 205.51 2 11.32 2 216.83 2 EAS  B.C.I.
NE  AREA 163.62 2 9.18 2 172.81 2 M 0.59

EE 0.60
ECONOMIC EVALUATION EC 0.59

RENO A ION CO  / 2 568.99 / 2

RENO A ION CO  120,153.30 
RENO A ED B ILDING AL E 477,792.50 

F  :
B  : . O . O

L: 11.65 : 8.82 H: 7.70 N 15% 85% E 0% 100%
NE  AREA INCREA ING % 0 % 25% 75% 0% 100%

S1 PARTIAL ON TOP REAL ESTATE VALUE DRIVE 0 DATA

NI : 2 M  202.417 
NE  AREA/ NI : 107.98 2 EE MJ 1,155,017 MJ

EC CO2 87,813 CO2

HEA ED NHEA ED O
GRO  AREA 282.34 2 25.65 2 307.99 2 EAS  B.C.I.
NE  AREA 198.58 2 17.37 2 215.95 2 M 0.57

EE 0.57
ECONOMIC EVALUATION EC 0.57

RENO A ION CO  / 2 599.89 / 2

RENO A ION CO  177,067.80 
RENO A ED B ILDING AL E 667,839.30 

F  :
B  : . O . O

L: 11.65 : 8.82 H: 8.62 N 20% 80% E 0% 100%
NE  AREA INCREA ING % + 24% 25% 75% 0% 100%

S2 GROUND REAL ESTATE VALUE DRIVE 0 DATA

NI : 2 M  204.064 
NE  AREA/ NI : 107.76 2 EE MJ 1,066,014 MJ

EC CO2  89,824 CO2

HEA ED NHEA ED O
GRO  AREA 250.03 2 11.32 2 261.35 2 EAS  B.C.I.
NE  AREA 206.34 2 9.18 2 215.53 2 M 0.59

EE 0.59
ECONOMIC EVALUATION EC 0.59

RENO A ION CO  / 2 734.06 / 2

RENO A ION CO  187,691.10 
RENO A ED B ILDING AL E 578,523.30 

F  :
B  : . O . O

L: 11.65 : 13.53 H: 7.70  N 38% 62% E 0% 100%
NE  AREA INCREA ING % + 24% 25% 75% 4% 96%

S3 ASIDE  N         

S4 FACADE REAL ESTATE VALUE DRIVE 0 DATA

NI : 2 M  201.648 
NE  AREA/ NI : 106.28 2 EE MJ 1,015,228 MJ

EC CO2 87,052 CO2

HEA ED NHEA ED O
GRO  AREA 252.11 2 11.32  2 263.43 2 EAS  B.C.I.
NE  AREA 203.37 2 9.18 2 212.55 2 M 0.59

EE 0.59
ECONOMIC EVALUATION EC 0.60

RENO A ION CO  / 2 656.831 / 2

RENO A ION CO  169,311.30 
RENO A ED B ILDING AL E 583,229.50 

F  :
B  : . O . O

L: 11.65 : 10.82 H: 7.70 N 15% 85% E 0% 100%
NE  AREA INCREA ING % + 22% 70% 30% 0% 100%

S5 ASSISTANT BUILDING  N      

TOT COMBINATION REAL ESTATE VALUE DRIVE 0 DATA

NI : 2 M  211.855 
NE  AREA/ NI : 149.86 2 EE MJ 1,398,028 MJ

EC CO2 104,000 CO2

HEA ED NHEA ED O
GRO  AREA 376.49 2 25.65 2 402.14 2 EAS  B.C.I.
NE  AREA 282.34 2 17.37 2 2991.7 2 M 0.57

EE 0.56
ECONOMIC EVALUATION EC 0.56

RENO A ION CO  759.82 / 2

RENO A ED B ILDING AL E 298,659.80 
RENO A ED B ILDING AL E 889,247.60 

F  :
B  : . O . O

L: 12.53 : 15.36 H: 8.62 N 40% 60% E 0% 100%
NE  AREA INCREA ING % + 72% 70% 30% 3% 97%

VOLUMETRIC ADDITIONS RELATED TO
MCCORMACK S PARK, CLOGHANBO  (COOKE), ATHLONE, CO. ESTMEATH, N37 

IRELAND
IE 3
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The Irish demo case, located in the town of Athlone, County Westmeath, is a typical example of a semi-

detached Irish residential building, where each dwelling shares a wall with the next and is on two levels with 

a pitched roof. It was built at two different times: the residential unit at number 7 in 1972 and the one at 

number 8 in 1960. Both units are designed to accommodate a family of at least four people: on the ground 

floor, there is a large living room with a central fireplace, and behind it is the kitchen; on the first floor is the 

sleeping area, with three bedrooms and a bathroom. The structure of the building is made of a load-bearing 

cavity wall, which consists of two parallel walls made in solid bricks, separated by a central cavity, filled with 

EPS insulation material. 

           

   

     

Figure 89. Technical drawings related to the Irish pilot et the current state: elevations and sections (© 2021, UNIBO - DA). 
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The DR intervention scenario consists of the design solution that is closest to what will physically be realized. 

It consists of covering the entire building envelope with new prefabricated panels made by the Irish company 

VisionBuilt. The existing windows and doors are replaced with better-performing ones, and photovoltaic 

panels are integrated into the roof. This intervention will be the basis of the following volumetric additions. 

The design of the add-ons 3D solutions, developed by UNIBO, was mainly based on the 3D circular solutions 

that will be physically implemented in the DR intervention, studied by VisionBuilt. 

 

 

Figure 90. Representation of the building renovated through the DR intervention that will be physically realized and specifications of 

the components and systems implemented (© 2021, UNIBO - DA). 
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The first add-on scenario (S1) is based on the realization of a partial on top add-on, which was developed 

with the objective of obtaining a habitable space in the attic. In the flat at number 8, this attic was only 

accessible through a small hatch in one of the bedrooms: thus, this space was lofted but not habitable and 

was therefore used as a small storage room. This intervention includes the replacement of the existing 

wooden trusses with a prefabricated roof made with Light Steel Frame (LST) technology and the addition of 

a structural floor. Research about the different materials and products already existing on the construction 

market was conducted in order to identify the most suitable solutions. 

 

 

Figure 91. Representation of the building renovated through the partial on top add-on implementation, based on 3D circular 

solutions and specifications of the components and systems implemented (© 2021, UNIBO - DA). 
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The second add-on scenario (S2) involves the addition of a ground add-on for increasing the net area of the 

living space. This new module is installed on screw micro-piles with a discontinuous steel helix propeller, 

produced by the Irish company Sisk, which do not require reinforced concrete castings and are therefore 

particularly suitable for this type of intervention. 

 

 

Figure 92. Representation of the building renovated through the ground add-on implementation, based on 3D circular solutions and 

specifications of the components and systems implemented (© 2021, UNIBO - DA). 
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The third add-on scenario (S3) involves a façade add-on on the south-oriented façade. In this case, attention 

must be paid to the design of the partition wall between the two housing units, which must be sufficiently 

insulated and stiffened. 

 

 

Figure 93. Representation of the building renovated through the façade add-on implementation, based on 3D circular solutions and 

specifications of the components and systems implemented (© 2021, UNIBO - DA). 
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The final scenario (TOT) considered consists of combining all the previous interventions, which do not conflict 

with each other but rather integrate perfectly, demonstrating the system's adaptability. 

 

 

 

Figure 94. Representation of the building renovated through the implementation of the deep renovation and all the add-on solutions 

integrated into a whole intervention (© 2021, UNIBO - DA). 
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4 Analysis of circular prefab 3D elements 

There are several methodologies to evaluate the environmental impact of each design aspect of the built 

environment: the huge number of circularity assessment tools is one of the main reasons why it is difficult to 

achieve a unique standard. Another reason is that the data collection to base the analyses on, known as 

“Reclamation Audit”, depends on the experts' level of knowledge and precision. 

 

The most common circularity assessment tools from a literary review are listed below. 

• Life Cycle Assessment (LCA): in general, an LCA analysis is a valid methodology for assessing 

environmental impacts. It is a globally recognized and standardized method, thanks to ISO 14040 and 

14044, and is based on a large available dataset. However, some limitations emerge when applied to 

existing buildings in different countries and regions. First, the results calculated from an LCA analysis 

are difficult to generalize due to the specific geographic dataset. Secondly, although it is theoretically 

possible to elaborate an LCA for a new building, this is almost impossible when intervening on a 

renovation, since there is not sufficiently precise data on the materials already in use. The results of 

such an assessment may be meaningless due to too many assumptions and approximations. Thirdly, 

supposing an LCA of a “small” product feasible, in terms of time and complexity, an entire LCA for a 

complex building can be a challenging and time-consuming task for professionals due to the large 

number of materials used in the built environment and the adoption of LCA, as a best practice, can 

slow down due to time constraints of operators, as well as lack of experience and knowledge. This 

aspect could be overcome thanks to plugins for common 2D and 3D modelling software. Finally, a 

weighting process is required to get some final scores for decision-makers. It is advisable to limit the 

number of indicators to remain under ten to improve the effectiveness of this decision-making 

process. The overabundance of key process indicators can influence the decision-making process, 

reducing its efficiency. In conclusion, the LCA analysis is certainly a very promising methodology and 

is expected to be implemented in the future, but at present, it is not the most suitable choice for 

establishing circularity in a prompt way. 

• Building Assessment Certificate (BAC): recently, there has been an open debate on how to advance 

the BAC in order to also include circularity criteria. The most common building assessment 

certificates evaluate hundreds of different criteria, including social, environmental, and economic 

aspects. Generally, these are based on a qualitative assessment. Many criteria are self-declared by 

the certifier or the consultant in charge of the certification process. Optionally, the certifier can 

provide a full LCA analysis (providing additional scores on the final ranking). The main benefit of the 
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BAC is to ensure a worldwide standardized assessment process for the built environment, which is 

particularly useful for decision-makers. However, the BACs present many limitations from a rigorous 

scientific point of view. In fact, they are affected by the same limitation of a Multi-Criteria Decision 

Analysis, which is a complex process of weighting between indicators in order to aggregate 

measurements, which the subjectivity of the certifier can influence. Furthermore, they roughly add 

up criteria related to completely different aspects without any strong and robust methodology. 

Despite the criticisms, they still represent a useful tool for professionals to quickly assess the 

environmental “level” of a building, communicate to owners, tenants, or other interested parties, 

and roughly compare different buildings for decision-makers. 

• Assessment of Circularity Indicators (CI): in recent years, CI have emerged as a new tool for assessing 

the environmental impact, the exploitation of virgin materials and the production of non-recoverable 

waste. 

 

This document is not intended to address an exhaustive literature review of methods for assessing the level 

of circularity. 

For the purposes of Task 2.4, it is sufficient to indicate some of the most popular methods, which have been 

considered for elaborating the simplified method here proposed, necessary to evaluate a set of 3D circular 

solutions. 

Currently, the Material Circularity Indicator (MCI) developed in 2015 by the Ellen MacArthur Foundation [14] 

is the worldwide most adopted CI. It mainly focuses on three aspects: the amount of used virgin materials, 

the amount of unrecoverable waste, and the lifetime of the products or product utility. In 2016 Verberne 

[20] proposed an improvement of the MCI in the resulting Building Circularity Indicator (BCI). After calculating 

the MCI for each component (doors, windows, etc.), he considers the design aspects in order to evaluate the 

impact of each component on the entire building, according to Brand’s “6S” shearing layers theory, 

elaborated in 1995 [24]. Then in 2019, further versions of the method were developed by Alba Concept [25] 

and Van Schaik [26]. 

 

A holistic methodology for the circular assessment still needs to be fully developed, and existing indicators 

are currently being researched. Starting from this statement, in 2021, Cottafava et al. [17] proposed a new 

method based on the criteria proposed by Alba Concept that could be intended as a simplified version of 

Durmisevic’s criteria [21], which is an example of Design for Disassembly (DfD), based on the 

conceptualisation of buildings in different “levels”. The method is presented in the DRIVE 0 Deliverable 6.1 

“Report on benchmarking on circularity and its potentials on the demo sites”. 
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In the field of circularity assessment, it is interesting to see the operation made in 2016 by Ness et al. [27]: 

they associated a life span to each one of the “six layers” (stuff, space plan, service, skin, structure, and site) 

identified by Brand, in order to synthetically represent the life-cycle of the building components and 

intuitively gather the linked maintenance operations linked to them. According to a circular approach, it is 

crucial that components with shorter life expectancy are designed to be easy to reach and modify without 

interfering with components that are expected to last longer. 

 

 

Figure 95. Brand’s 6S shearing layers theory (adapted from peterme.com) (Mining the physical infrastructure: Opportunities, 

barriers and interventions in promoting structural components reuse [28]. 

 

Within the DRIVE 0 project, the Inventory on CO2 and Energy (v2.0) database (ICE), developed in 2011 by 

Geoff Hammond and Craig Jones [29] of the Sustainable Energy Research Team (SERT) of the Department of 

Mechanical Engineering of the University of Bath (UK), is adopted. Through the ICE inventory, it is possible to 

determine the EE and the EC of the materials used for a new or a renovated building. The preliminary step 

for this process is the creation of a Bill of Materials (BoM), also known as Material Passport, in which all the 

materials that are part of the building subjected to intervention are analysed, and all their amounts are 

accurately calculated. These data constitute the basis for developing the sequent analyses. 

 

Several platforms have been developed in the past years in order to process the data collected through the 

fulfilment of the Material Passport and therefore achieve a numerical index expressing the circularity level 

of a building. However, these platforms for evaluating the circularity of the building components are still 

under development, and there are many different methodologies to assess the circularity of a building that 

are often not accessible to all operators involved in the building process. 
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In conclusion, a single standardized methodology does not exist yet. The existing indicators proposed by 

researchers and practitioners are still under an open debate to highlight and point out potential and 

criticality. Moreover, successful CI would generally need few input data and should be quite easy to be 

computed. However, they could be criticized for lack of a scientific and rigorous approach, since many of 

them are simply based on the material weight of the recycled/recyclable product parts or on the 

renewability/non-renewability of input resources, not considering the real environmental impact for 

renewable material production, EE or EC and so on. 

The primary goal of Task 2.4 is to propose a simplified but effective method for assessing the circularity level: 

the requisite for this method is that it is applicable by any individual and not only expert professionals, thanks 

to the need for few input data, and that it also takes into consideration aspects such as EE, EC, and recovering 

potential of the materials. 

This chapter presents the above-mentioned simplified method, which provides a valuable tool for all the 

operators involved in the building sector for assessing and then developing the deep renovation interventions 

based on the implementation of 3D circular solutions.  
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4.1 Methodology 

Starting from the simplified method proposed in Task 6.1 by Cottafava et al. [17], in Task 2.4, a variation 

developed specifically for quickly assessing the circularity level of the 3D solutions that UNIBO designed and 

analysed is proposed. The final objective is the same as Task 6.1, which is the achievement of a BCI, with the 

attempt to both maintain the highest possible accuracy and objectivity and provide an accessible tool for all 

operators involved in the building process. 

The description of the specific methodology adopted for the analysis of the 3D prefab solutions proposed for 

the deep renovation is presented here. A selection of the most relevant circular criteria was performed, and 

then a simplified method was developed to easily measure and synthesize these criteria into a unique index. 

First of all, in the field of circularity assessment, it is necessary to identify a list of Key Process Indicators (KPIs) 

to evaluate possible solutions based on their degree of circularity. The starting point for the KPIs developed 

by DRIVE 0 is based on “LEVEL(s)”, the European framework for sustainable buildings [30]. For DRIVE 0, the 

macro-objective no. 2, “Resource efficient and circular material cycles”, is the most relevant. 

 

 

 

Figure 96. Scheme of the Macro-objectives and the related thematic areas defined by “LEVEL(s)” [30]. 
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In DRIVE 0 Deliverable 2.1 “Report on the assessment available product and technology developments, 

benchmarking and selection of most favourable and most potential solutions for further development to 

circular renovation products and a list of criteria/KPIs” is proposed a list of KPIs based on the indicators 

proposed by “LEVEL(s)”, which are integrated with the indicators developed in the Deliverable 6.1. 

This list is organized on two levels: 

1. Level 1 is based on some simple [yes/no] questions and represents an overview of the level of 

circularity of a product. This permits a quick analysis of the product and a preliminary indication of 

circularity; 

2. Level 2 consists of a more in-depth analysis of the circularity using a significant amount of data. For 

this level, the assessor analyses the renovation product using the list of indicators, classifying the scope 

and boundary conditions of the study as well as the relations between the elements. 

4.1.1 Preliminary analysis 

The first step concerns the preliminary analysis of the products to be used in the design project. 

In particular, for each renovation product is required to the manufacturer the compilation of a preliminary 

questionnaire. The choice between [yes/no] answers is used to quickly evaluate the adequacy of a product 

in relation to all possible alternatives, without having to carry out an onerous preliminary data collection. 

The manufacturer of each component is asked to indicate the availability of some specific data to evaluate 

the circularity level: 

• Estimation of service life [yrs]; 

• Mass of materials [kg]; 

• EE of materials [MJ]; 

• EC [kg]; 

• Circularity criteria. 

 

Following Deliverable 2.1, the list of KPIs for Level 1 is presented in Table 15. 

Once the most suitable manufacturer for each renovation product has been identified by filling in the 

preliminary questionnaire, it is possible to proceed with the collection and the data related to the chosen 

product. 
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General questions  

G1. Digital logbook [Yes/No] 

G2. EPD/C2C label [Yes/No] 

G3. Mass of materials known [Yes/No] 

G4. Embodied Energy of materials known [Yes/No] 

G5. Embodied CO2 of materials known [Yes/No] 

G6. Material division between new, reused and recycled known [Yes/No] 

Material scope  

M1. Elements and parts made of compatible or homogenous materials [Yes/No] 

M2. There are established recycling options for materials [Yes/No] 

M3. Constituent materials can be easily separated [Yes/No] 

Product scope  

P1. Elements and parts are easily separable [Yes/No] 

P2. Number and complexity of disassembly steps between elements and parts are low [Yes/No] 

P3. Prefabricated elements and parts [Yes/No] 

P4. Standardized dimensions of elements and parts [Yes/No] 

Multifunctionality  

F1. If applicable: Future adaptability of functional needs  [Yes/No] 

F2. If applicable: Use of modular building services [Yes/No] 

 

Table 15. Level 1 circularity assessment (DRIVE 0 Deliverable 2.1). 

 

4.1.2 Data collection 

The second step of the methodology concerns the collection of the data relating to the in-use materials that 

are collected with a Reclamation Audit that, as said previously, produces the Material Passport. The following 

information is collected for each material, according to the methodology implemented within DRIVE 0 

Deliverable 6.1: 

1. building layers (site, structure, skin, services, space plan, and stuff); 

2. brief description; 

3. End of Life (EoL) strategy for each component, also called “Recovering potential” or “Re-usability” 

(classified as: repaired, reused, refurbished/remanufactured, recycled, not modified/not recoverable); 

4. exact amount of materials [kg]; 

5. EE total [MJ] and per unit [MJ/kg]; 

6. EC total [kgCO2] and per unit [kgCO2/kg]. 

 

In order to avoid wasting time during the Reclamation Audit in calculating negligible quantities in terms of 

mass and environmental impact, the Pareto principle was used based on the 80/20 rule. 

The values of EE and EC have been calculated with the ICE database [29], and the materials have been 

classified according to the Brand’s 6S theory [24], which conceives a building as divided into the Brand’s “six 
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layers”: stuff, space plan, service, skin, structure, and site. This subdivision aims to distinguish the levels of a 

building according to the hierarchy of materials composition. 

The ICE database for the built environment was used to calculate the amount of EE and EC. This was chosen 

to balance between too specific and time-consuming LCA and the lack of precise information that is often 

not thoroughly known for the existing buildings. A value of EE and the EC was obtained through this inventory 

for all materials in use. 

 

 

Figure 97. First columns of the Material Passport regarding data listed (in light blue) linked to the total amount of mass for each 

component, and (in grey) EE and EC data from ICE Inventory (©2021, DA – UNIBO). 

 

All the data collected by each demonstrator have been published in Deliverable 6.1 - Annex 4 “Bill of 

Materials”. The table reported in the following figure summarizes the results of the reclamation audit 

conducted for the DRIVE 0 demonstrators buildings selected. 

 

 

Figure 98. Mass, EE and EC per demonstrator (absolute value per m2) (DRIVE 0 Deliverable 6.1). 

 

4.1.3 Rating of the Circularity criteria 

The third step of the methodology concerns the definition of the Circularity criteria, defined in accordance 

with the methodology followed in Deliverable 6.1. 

In particular, the Circularity criteria can be grouped into three categories: 

1. Design for Disassembly (DfD); 

2. Materials origin; 

3. Re-usability. 
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The first criterion “DfD” derives from the criteria related to four design criteria proposed by Alba Concept 

[25]: 

1. Type of connections; 

2. Accessibility of connections; 

3. Crossings; 

4. Form containment. 

These four parameters are related to the design and the demountability of the building elements, and their 

average can be considered as a single DfD parameter. 

 

The second criterion “Materials origin”, which is linked to the origin of the materials, products and 

components used, was introduced by Deliverable 3.3 “Tailor made holistic and circular renovation packages 

for the demonstration cases”. It is used to attribute a weighted value referred to the origin of the material. 

It depends on the origin of the project materials: 

• Locally repaired, reused building components and materials; 

• Biobased materials; 

• Recycled and upcycled building components and materials; 

• Refurbished, remanufactured materials; 

• Non-biobased virgin materials or products made from non-biobased virgin materials. 

The provenience of material is fundamental for determining the circularity of a renovation intervention. 

Calculating the exact amount of recycled material within each individual component of a product could be 

too complex, and it may considerably slow down the estimate of circularity, so a single parameter could well 

represent this factor as the optimal solution. 

 

The third criterion “Re-usability”, which is considered not only for the existing building components but also 

for the new elements, represents a key aspect indicating what happens to the material at its end-of-use. For 

this reason, it is essential to introduce this parameter that takes into consideration the scope that the 

material is expected to have at the end of its life. The more the index is higher, the higher is the ability of the 

material to be readapted for future use. 

The three above-mentioned circularity criteria are graded according to the ratings in Table 16, ranging from 

0.1 (corresponding to the lowest degree of circularity) to 1 (corresponding to the highest degree of 

circularity).  
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 Variable Construction solution Weight 

 

 

 

 

 

 

 

DfD 

Type of 

connections 

Dry connection 1.0 

Connection with added elements 0.8 

Direct integral connection 0.6 

Soft chemical compound 0.2 

Hard chemical connection 0.1 

Accessibility 

of 

connections 

Freely accessible 1.0 

Accessibility with additional actions that do not cause damage 0.8 

Accessibility with additional actions with reparable damage 0.4 

Not accessible - irreparable damage to objects 0.1 

Crossings Modular zoning of objects 1.0 

Crossings between one or more objects 0.4 

Full integration of objects 0.1 

Form 

containment 

Open, no inclusion 1.0 

Overlaps on one side 0.8 

Closed on one side 0.2 

Closed on several sides 0.1 

 Materials 

origin  

In use 1.0 

 Locally repaired, reused building components and materials  0.8 

 Refurbished/remanufactured, recycled and upcycled components and materials 0.6 

 Biobased virgin materials 0.4 

 Non-biobased virgin materials or products made from non-biobased virgin 

materials 

0.1 

 Re-usability* Repaired 1.0 

  Reused 0.8 

  Refurbished/remanufactured 0.6 

  Recycled 0.4 

  Not modifiable /not recoverable 0.1 
 

*Definition: 

● Repaired: derived from a process of restoring good functioning, working order, fix, or improving the damaged condition. 

● Reused: derived from a process of reusing an object, either for its original purpose or to perform a different function. 

● Refurbished: derived from a process of restoring the original order and appearance with new materials. 

● Remanufactured: obtained by combining reused, repaired and new parts. 

● Recycled: obtained from a process of converting waste material into reusable material, by breaking down items to make new 

materials. 

 

Table 16. Level 2 circularity criteria (©2021, DA – UNIBO). 

 

 

Figure 99. Columns of the Material Passport regarding data (in yellow) linked to the Circularity criteria (©2021, DA – UNIBO). 
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4.1.4 Calculation of the Product Circularity Indicator 

In order to obtain a CI for assessing the impact at macro, meso and micro-level, it has been adopted an 

evaluation approach to link the DfD criteria (micro-level) to the EE and EC factors (macro-level). The resulting 

output is a CI, intended as the average of the other two input data, which is representative of the meso-level. 

Hence, after having assigned the most suitable Circularity criteria to each material, the circularity assessment 

moves forward by carrying out the following operations: 

• a first weighted average of the 4 Design criteria, that is the DfD (Type of Connections, Accessibility of 

Connections, Crossings, Form containment); 

• then a second average between the DfD, Materials products, and Re-usability potential criteria. 

 

The final number represents a coefficient that must be multiplied by the Mass, EE and EC of each listed 

component in order to define the Product Circularity Indicator (PCI) for each listed component. 

The PCI is defined by three indicators: 

1. Mass [kg]: corresponds to the sum of the weighted masses of all components; 

2. EE [MJ]: corresponds to the sum of the weighted amount of EE of all components; 

3. EC [kgCO2/kg]: corresponds to the sum of the weighted amount of EC of all components. 

 

 

Figure 100. Columns of the Material Passport regarding the PCI values derived from the Circularity criteria (©2021, DA – UNIBO). 

 

4.1.5 Calculation of the Express Building Circularity Indicator 

Once the PCI is calculated, it is possible to define an overall Express Building Circularity Indicator (EBCI), 

derived from the simplified method, related to the whole building. The formula used links the CI of each 

material to the corresponding mass, in order to obtain a weighted average value, which represents the 

overall EBCI: 
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The EBCI is defined by three indicators that are: 

1. Mass [kg]: corresponds to the weighted PCI’s Mass divided by the total mass of the building; 

2. EE [MJ]: corresponds to the weighted PCI’s EE divided by the total EE of the building; 

3. EC [kgCO2/kg]: corresponds to the weighted PCI’s EC divided by the total EC of the building. 

 

 

Figure 101. Final columns of the Material Passport regarding the PCI and EBCI values (©2021, DA – UNIBO). 

 

The final EBCI is numerically expressed in a range from 0 to 1, in accordance with Deliverable 3.3, for 

representing the circularity level of a whole building: 

• EBCI < 0.60 Low; 

• EBCI ≥ 0.60 Medium; 

• EBCI ≥ 0.80 High. 

 

Furthermore, according to the approach adopted by Deliverable 6.1, the final index EBCI provides important 

information about the quantity of EE and EC that may be recovered and the quantity that will finish to 

landfill/waste production.  

Indeed, the EE parameter defining the EBCI represents the Potential EE. More precisely, it represents the 

quantity of EE, out of the total in-use EE, that may be recovered by disassembly. If divided by the total amount 

of in-use EE of the building, it provides the percentage of the initial EE that remains available for future use. 

The remaining percentage represents the initial total EE that is not recoverable. 

The same logic can be applied to the EC, since the EC parameter defining the EBCI represents the Potential 

EC. More precisely, it represents the quantity of EC which remains embodied within the materials after 

renovation. If divided by the total in-use EC, it provides a percentage that indicates how much of the CO2 

emitted to produce a new construction can be saved by reusing some of the materials or choosing materials 

with high recovery potential. 

The final recoverable percentage in terms of mass, EE, and EC represents an important result, undoubtedly 

more precise and more objective than the generic qualitative deductions that the experts might conduct in 

a preliminary analysis phase. This result is quite reliable, even though it does not require too complex or 

time-consuming analysis, so it can be considered a good method for estimating the impact of an intervention. 
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This methodology could be applied to the whole building, in order to assess the overall EBCI, as well as to the 

specific 3D circular solutions, in order to assess the CI for specific architectural components. This assessment 

is important because it would provide a tool to support design choices, which could be inspired by a circular 

strategy (possibly supported by a digital web tool) and, at the same time, contribute to increasing awareness 

in the main stakeholders participating in the decision-making process. 

  



  
 

 
H2020 DRIVE 0_841850_WP2_Task 2.4_Deliverable 2.3                   

  

 

136 

4.2 Circularity assessment for specific demo cases 

The simplified method for the evaluation of the circularity level has been applied to the four demonstrators 

selected within Task 2.4, in order to compare the current state of these buildings and the renovated states 

resulting from the implementation of the different intervention scenarios proposed. 

In particular, as anticipated in Chapter 3.3, different interventions were developed and analysed for each 

pilot building: 

• the deep renovation intervention physically realized in the framework of DRIVE 0 project; 

• three different single add-ons solutions selected between the five defined by ABRACADABRA project 

(ground addition, top addition, aside addition, façade addition, and assistant building), also combining 

the deep renovation intervention; 

• the scenario combining all the three add-ons interventions selected, as well as the deep renovation 

intervention. 

 

The developed analyses assessed the circularity level and the environmental impact of the different 

intervention scenarios. This was made by comparing the values obtained through the simplified method 

(related to the ICE database) and those obtained through an LCA analysis conducted with OneClick LCA 

software. This operation served as validation of the simplified method to understand if it could be a valuable 

tool for assessing the environmental impact. 

The analysis conducted with OneClick LCA considered just the impact of the interventions foreseen in the 

different scenarios, neglecting the impact of the current state. This choice derives from the awareness that 

the evaluation of the current state would be poorly reliable, due to the difficulty in knowing exactly the real 

properties of the materials and their real origin. In addition, the objective of these analyses is to compare 

deep renovation scenarios and to identify the most circular strategy with the least environmental impact, 

and therefore the CS assessment with OneClick LCA is not useful for this purpose. 

Regarding the analysis of the different intervention scenarios, only interventions involving the building 

envelope have been considered, including transparent components with their integrated shading 

components, and integrated plant systems (i.e. PV panels). 

In order to compare the results from OneClick LCA with those obtained with the simplified method, the LCA 

is carried out by considering only the first three life phases related to materials (A1-A3 Materials), excluding 

all the others (Transportation (A4), Transportation – leg 2 (A4-leg2), Construction (A5), Maintenance and 

replacement (B1-B5), Energy (B6), Water (B7), End of life (C1-C4)): in this way, the boundaries within which 

the simplified method operates are the same. The LCA analysis conducted was called “LCA cradle-to-gate”. 
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The software processes the input data and outputs several impact categories. In the present case, only two 

impact categories are considered: 

• the “Global Warming Potential (GWP)”, measured in [kgCO2e], which corresponds to the EC used in 

the simplified method; 

• the “Total use of primary energy excluding raw materials”, measured in [MJ], which corresponds to 

the EE used previously. 

The graphs illustrated in the following chapters immediately show the comparison of the results obtained 

with the two methods. 

 

4.2.1 The Netherlands 

The environmental impact of the different scenarios in terms of total Mass, EE, and EC, was assessed through 

the fulfilment of the Material Passport for each scenario and the assignment of the environmental data 

derived from the ICE database. The values indicated in the following graphs represent the whole building. 

 

 

Figure 102. Graphs comparing environmental impact values of the different intervention scenarios selected for the Dutch pilot 

(©2022, DA – UNIBO). 

 

The global environmental impact naturally depends on the size of the intervention and generally increases 

as the surface area and volume increase. In order to obtain comparable results, the values of Mass, EE, and 

EC were related to the total net area obtained for each scenario and to the number of building units, which, 

in the case of the Dutch pilot, did not increase. The values indicated in the following graphs represent the 

impact of the products and components to be added within the framework of the different intervention 

scenarios. The results demonstrate that the least impactful solutions are: in terms of Mass, the partial on top 

add-on; in terms of EE, the DR and the façade add-on; in terms of EC, the façade add-on but, in general, all 

the single add-on solutions are quite similar. 

 



  
 

 
H2020 DRIVE 0_841850_WP2_Task 2.4_Deliverable 2.3                   

  

 

138 

 

Figure 103. Graphs comparing environmental impact values, related to net area and number of housing units, of the different 

intervention scenarios selected for the Dutch pilot (©2022, DA – UNIBO). 

 

The assessment of the level of circularity of the different scenarios was carried out through the application 

of the simplified method, which provides for the EBCI indicator, whose value is the average of the three EBCI 

values respectively linked to Mass, EE, and EC. The values indicated in the following graphs represent the 

circularity level of the whole building. The following graphs demonstrate that, for all the intervention 

scenarios, the level of circularity doubles compared to the value of the existing building, thus enabling an 

upgrade from a low level to a medium level of circularity. 

 

 

Figure 104. Graphs comparing EBCI values of the different intervention scenarios selected for the Dutch pilot (©2022, DA – UNIBO). 

 EBCI CIRCULARITY LEVEL 

CURRENT STATE 0.32 LOW 

DEEP RENOVATION 0.61 MEDIUM 

TOP ADD-ON 0.64 MEDIUM 

FACADE ADD-ON 0.61 MEDIUM 

GROUND ADD-ON 0.61 MEDIUM 

ADD-ONS COMBINATION 0.60 MEDIUM 

Table 17. Final EBCI values for the different intervention scenarios selected for the Dutch pilot (©2022, DA – UNIBO). 
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The assessment of the values related to the environmental impact was compared to the same values 

obtained through the LCA cradle-to-gate analysis developed through the OneClick LCA software in order to 

validate the simplified method. As demonstrated by the following tables, the variation between these values 

is limited to a range of 0-9%, thus demonstrating that the simplified environmental assessment is valuable. 

The values indicated in the following graphs and tables represent the impact of the only products and 

components to be added within the framework of the different intervention scenarios, neglecting the impact 

of the current state that is considered as starting situation. 

 

GLOBAL WARMING (kgCO2e) – Phases A1-A3 (Materials) 

 

  OneClick 

LCA 

ICE Results 

Variation 

% 

DEEP RENOVATION 18,105 20,969 -14% 

TOP ADD-ON 63,962 58.012 10% 

FACADE ADD-ON 35,459 39,281 -10% 

GROUND ADD-ON 35,650 35,175 1% 

ADD-ONS 

COMBINATION 
100,720 93,294 8% 

 
    

TOTAL USE OF PRIMARY ENERGY (MJ) – Phases A1-A3 

(Materials) 

 

  OneClick 

LCA 

ICE Results 

Variation 

% 

DEEP RENOVATION 305,573  279,834  9% 

TOP ADD-ON 960,416  955,381  1% 

FACADE ADD-ON 492,668  489,696  1% 

GROUND ADD-ON 476,606  478,108  0% 

ADD-ONS 

COMBINATION 
1,351,252  1,439,554  -6% 

Figure 105. Graphs and data comparing environmental impact values obtained through the LCA cradle-to-gate analysis (conducted 

with OneClick LCA) and the simplified method (based on ICE database) for the different intervention scenarios selected for the Dutch 

pilot (©2022, DA – UNIBO). 

It is important to notice that the assessment of the different solutions in terms of environmental impact and 

circularity level must be related to the increase of net area and housing units. The same principle must be 

adopted for the economic assessment, which must relate the cost intervention to the economic benefits 

from the increase of the building’s real estate due to the increase of net area.  
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4.2.2 Spain 

The environmental impact of the different scenarios in terms of total Mass, EE, and EC, was assessed through 

the fulfilment of the Material Passport for each scenario and the assignment of the environmental data 

derived from the ICE database. The values indicated in the following graphs represent the whole building. 

 

 

Figure 106. Graphs comparing environmental impact values of the different intervention scenarios selected for the Spanish pilot 

(©2022, DA – UNIBO). 

 

The global environmental impact naturally depends on the size of the intervention and generally increases 

as the surface area and volume increase. In order to obtain comparable results, the values of Mass, EE, and 

EC were related to the total net area obtained for each scenario and to the number of building units, which, 

in the case of the Spanish pilot, increased from 10 to 12 units. The values indicated in the following graphs 

represent the impact of the products and components to be added within the framework of the different 

intervention scenarios. The results demonstrate that the least impactful solutions are the on the top add-on 

and the add-ons combination scenarios in terms of Mass, EE, and EC. 

 

 

Figure 107. Graphs comparing environmental impact values, related to net area and number of housing units, of the different 

intervention scenarios selected for the Spanish pilot (©2022, DA – UNIBO). 
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The assessment of the level of circularity of the different scenarios was carried out through the application 

of the simplified method, which provides for the EBCI indicator, whose value is the average of the three EBCI 

values respectively linked to Mass, EE, and EC. The values indicated in the following graphs represent the 

circularity level of the whole building. The following graphs demonstrate that, for all the intervention 

scenarios, the level of circularity doubles compared to the value of the existing building, thus enabling an 

upgrade from a low level to a low-medium level of circularity. 

 

 

Figure 108. Graphs comparing EBCI values of the different intervention scenarios selected for the Spanish pilot (©2022, DA – 

UNIBO). 

 EBCI CIRCULARITY LEVEL 

CURRENT STATE 0.26 LOW 

DEEP RENOVATION 0.53 LOW-MEDIUM 

TOP ADD-ON 0.53 LOW-MEDIUM 

FACADE ADD-ON 0.53 LOW-MEDIUM 

ASIDE ADD-ON 0.53 LOW-MEDIUM 

ADD-ONS COMBINATION 0.52 LOW-MEDIUM 

Table 18. Final EBCI values for the different intervention scenarios selected for the Spanish pilot (©2022, DA – UNIBO). 

 

The assessment of the values related to the environmental impact was compared to the same values 

obtained through the LCA cradle-to-gate analysis developed through the OneClick LCA software, in order to 

validate the simplified method. As demonstrated by the following tables, the variation between these values 

is limited to a range of 0-7%, thus demonstrating that the simplified environmental assessment is valuable. 

The values indicated in the following graphs and tables represent the impact of the only products and 

components to be added within the framework of the different intervention scenarios, neglecting the impact 

of the current state that is considered as starting situation. 
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GLOBAL WARMING (kgCO2e) – Phases A1-A3 (Materials) 

 

  OneClick LCA ICE Results 

Variation 

% 

DEEP RENOVATION  113,661   113,884  0% 

TOP ADD-ON  185,122   188,993  -2% 

FACADE ADD-ON  142,075   135,027  5% 

ASIDE ADD-ON  178,389   182,741  -2% 

ADD-ONS 

COMBINATION 
 284,400   278,993  2% 

 
    

TOTAL USE OF PRIMARY ENERGY (MJ) – Phases A1-A3 

(Materials) 

 

  OneClick LCA ICE Results 

Variation 

% 

DEEP RENOVATION 
                             

1,720,014  

           

1,721,699  
0% 

TOP ADD-ON 
                             

2,828,838  

           

3,001,219  
-6% 

FACADE ADD-ON 
                             

2,168,769  

           

2,069,560  
5% 

ASIDE ADD-ON 
                             

2,408,548  

           

2,603,233  
-7% 

ADD-ONS 

COMBINATION 

                             

4,023,966  

           

4,230,614  
-5% 

Figure 109. Graphs and data comparing environmental impact values obtained through the LCA cradle-to-gate analysis (conducted 

with OneClick LCA) and the simplified method (based on ICE database) for the different intervention scenarios selected for the 

Spanish pilot (©2022, DA – UNIBO). 

 

It is important to notice that the assessment of the different solutions in terms of environmental impact and 

circularity level must be related to the increase of net area and housing units. The same principle must be 

adopted for the economic assessment, which must relate the cost intervention to the economic benefits 

from the increase of the building’s real estate due to the increase of net area. 
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4.2.3 Estonia 

The environmental impact of the different scenarios in terms of total Mass, EE, and EC, was assessed through 

the fulfilment of the Material Passport for each scenario and the assignment of the environmental data 

derived from the ICE database. The values indicated in the following graphs represent the whole building. 

 

 

Figure 110. Graphs comparing environmental impact values of the different intervention scenarios selected for the Estonian pilot 

(©2022, DA – UNIBO). 

 

The global environmental impact naturally depends on the size of the intervention and generally increases 

as the surface area and volume increase. In order to obtain comparable results, the values of Mass, EE, and 

EC were related to the total net area obtained for each scenario and to the number of building units, which, 

in the case of the Estonian pilot, increased from 24 (for the DR, the aside add-on, and the façade add-on) to 

32 units (for the on top add on). The values indicated in the following graphs represent the impact of the 

products and components to be added within the framework of the different intervention scenarios. The 

results demonstrate that the least impactful solutions are the on the top add-on and the add-ons 

combination scenarios in terms of Mass, EE, and EC. 

 

 

Figure 111. Graphs comparing environmental impact values, related to net area and number of housing units, of the different 

intervention scenarios selected for the Estonian pilot (©2022, DA – UNIBO). 

The assessment of the level of circularity of the different scenarios was carried out through the application 

of the simplified method, which provides for the EBCI indicator, whose value is the average of the three EBCI 
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values respectively linked to Mass, EE, and EC. The values indicated in the following graphs represent the 

circularity level of the whole building. The following graphs demonstrate that, for all the intervention 

scenarios, the level of circularity increases significantly compared to the value of the existing building, thus 

enabling an upgrade from a low level to a low-medium level of circularity. 

 

 

Figure 112. Graphs comparing EBCI values of the different intervention scenarios selected for the Estonian pilot (©2022, DA – 

UNIBO). 

 EBCI CIRCULARITY LEVEL 

CURRENT STATE 0.32 LOW 

DEEP RENOVATION 0.53 LOW-MEDIUM 

TOP ADD-ON 0.50 LOW-MEDIUM 

FACADE ADD-ON 0.53 LOW-MEDIUM 

ASIDE ADD-ON 0.53 LOW-MEDIUM 

ADD-ONS COMBINATION 0.50 LOW-MEDIUM 

Table 19. Final EBCI values for the different intervention scenarios selected for the Spanish pilot (©2022, DA – UNIBO). 

 

The assessment of the values related to the environmental impact was compared to the same values 

obtained through the LCA cradle-to-gate analysis developed through the OneClick LCA software, in order to 

validate the simplified method. As demonstrated by the following tables, the variation between these values 

is limited to a range of 0-9%, thus demonstrating that the simplified environmental assessment is valuable. 

The values indicated in the following graphs and tables represent the impact of the only products and 

components to be added within the framework of the different intervention scenarios, neglecting the impact 

of the current state that is considered as starting situation. 
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GLOBAL WARMING (kgCO2e) – Phases A1-A3 (Materials) 

 

  OneClick LCA ICE Results 

Variation 

% 

DEEP RENOVATION 389,158 371,507 -5% 

TOP ADD-ON 515,577 500,765 -3% 

FACADE ADD-ON 433,010 413,370 -5% 

ASIDE ADD-ON 398,594 380,380 -5% 

ADD-ONS 

COMBINATION 
575,605 558,356 -3% 

 
    

TOTAL USE OF PRIMARY ENERGY (MJ) – Phases A1-A3 

(Materials) 

 

  OneClick LCA ICE Results 

Variation 

% 

DEEP RENOVATION 5,782,669 6,144,591 6% 

TOP ADD-ON 7,087,984 7,698,780 9% 

FACADE ADD-ON 6,419,805 6,730,221 5% 

ASIDE ADD-ON 5,960,449 6,321,324 6% 

ADD-ONS 

COMBINATION 
8,043,275 8,580,281 7% 

Figure 113. Graphs and data comparing environmental impact values obtained through the LCA cradle-to-gate analysis (conducted 

with OneClick LCA) and the simplified method (based on ICE database) for the different intervention scenarios selected for the 

Estonian pilot (©2022, DA – UNIBO). 

It is important to notice that the assessment of the different solutions in terms of environmental impact and 

circularity level must be related to the increase of net area and housing units. The same principle must be 

adopted for the economic assessment, which must relate the cost intervention to the economic benefits 

from the increase of the building’s real estate due to the increase of net area. 
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4.2.4 Ireland 

The environmental impact of the different scenarios in terms of total Mass, EE, and EC, was assessed through 

the fulfilment of the Material Passport for each scenario and the assignment of the environmental data 

derived from the ICE database. The values indicated in the following graphs represent the whole building. 

 

 

Figure 114. Graphs comparing environmental impact values of the different intervention scenarios selected for the Irish pilot 

(©2022, DA – UNIBO). 

 

The global environmental impact naturally depends on the size of the intervention and generally increases 

as the surface area and volume increase. In order to obtain comparable results, the values of Mass, EE, and 

EC were related to the total net area obtained for each scenario and to the number of building units, which, 

in the case of the Irish pilot, did not increase. The values indicated in the following graphs represent the 

impact of the products and components to be added within the framework of the different intervention 

scenarios. The results demonstrate that the least impactful solution is the add-ons combination in terms of 

Mass, EE, and EC. The single add-on solutions are quite similar in terms of Mass and EC, but are very different 

in terms of EC, demonstrating that the partial on top add-on is the most impactful while the façade add-on 

is the least impactful. 

 

 

Figure 115. Graphs comparing environmental impact values, related to net area and number of housing units, of the different 

intervention scenarios selected for the Irish pilot (©2022, DA – UNIBO). 
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The assessment of the level of circularity of the different scenarios was carried out through the application 

of the simplified method, which provides for the EBCI indicator, whose value is the average of the three EBCI 

values respectively linked to Mass, EE, and EC. The values indicated in the following graphs represent the 

circularity level of the whole building. The following graphs demonstrate that, for all the intervention 

scenarios, the level of circularity doubles compared to the value of the existing building, thus enabling an 

upgrade from a low level to a medium level of circularity. 

 

 

Figure 116. Graphs comparing EBCI values of the different intervention scenarios selected for the Irish pilot (©2022, DA – UNIBO). 

 EBCI CIRCULARITY LEVEL 

CURRENT STATE 0.33 LOW 

DEEP RENOVATION 0.59 MEDIUM 

TOP ADD-ON 0.57 MEDIUM 

FACADE ADD-ON 0.59 MEDIUM 

GROUND ADD-ON 0.59 MEDIUM 

ADD-ONS COMBINATION 0.57 MEDIUM 

Table 20. Final EBCI values for the different intervention scenarios selected for the Irish pilot (©2022, DA – UNIBO). 

 

The assessment of the values related to the environmental impact was compared to the same values 

obtained through the LCA cradle-to-gate analysis developed through the OneClick LCA software, in order to 

validate the simplified method. As demonstrated by the following tables, the variation between these values 

is limited to a range of 0-12%, thus demonstrating that the simplified environmental assessment is valuable. 

The values indicated in the following graphs and tables represent the impact of the only products and 

components to be added within the framework of the different intervention scenarios, neglecting the impact 

of the current state that is considered as starting situation. 
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GLOBAL WARMING (kgCO2e) – Phases A1-A3 (Materials) 

 

  OneClick 

LCA 

ICE Results 

Variation 

% 

DEEP RENOVATION 24,970 22,366 12% 

TOP ADD-ON 45,053 45,221 0% 

FACADE ADD-ON 31,333 29,553 6% 

GROUND ADD-ON 36,165 34,171 6% 

ADD-ONS 

COMBINATION 
61,452 62,646 2% 

 
    

TOTAL USE OF PRIMARY ENERGY (MJ) – Phases A1-A3 

(Materials) 

 

  OneClick 

LCA 

ICE Results 

Variation 

% 

DEEP RENOVATION 320,084  336,825  5% 

TOP ADD-ON 578,853  653,761  11% 

FACADE ADD-ON 453,077  450,881  0% 

GROUND ADD-ON 553,884  501,668  10% 

ADD-ONS 

COMBINATION 
939,936  912,712  3% 

Figure 117. Graphs and data comparing environmental impact values obtained through the LCA cradle-to-gate analysis (conducted 

with OneClick LCA) and the simplified method (based on ICE database) for the different intervention scenarios selected for the Irish 

pilot (©2022, DA – UNIBO). 

It is important to notice that the assessment of the different solutions in terms of environmental impact and 

circularity level must be related to the increase of net area and housing units. The same principle must be 

adopted for the economic assessment, which must relate the cost intervention to the economic benefits 

from the increase of the building’s real estate due to the increase of net area. 
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4.3 Analysis and design of technical details 

One of the main today’s challenges is focused on the impact of the construction and demolition phase of 

buildings. The goal is to create the potential for closed loops of material cycling within buildings. For this 

reason, it is essential to understand how to minimize the production of demolition waste and start designing 

buildings that meet the “Cradle to Cradle” criteria, in which that of nourishment replaces the concept of 

waste. 

 

In line with this objective, the circularity of the different intervention scenarios designed for the four selected 

demonstrators, presented in Chapter 3.3 and assessed in Chapter 4.2, were also analysed in terms of 

technical construction details. Indeed, executive construction details of the 3D circular solutions were 

analysed and designed according to the principle of the DfD. 

As mentioned before, the four DfD criteria derived from the classification proposed by AlbaConcept are: 

related to the design and the demountability of the building elements 

1. Type of Connections; 

2. Accessibility of Connections; 

3. Crossings; 

4. Form containment. 

 

The planned interventions were designed with the aim of minimising demolition. In addition, during the study 

phase of the construction details, the focus was placed on the use of prefabricated plug&play components, 

based on the use of materials with a high recycled or reused content, and anchored to the existing building 

by means of dry connections, highly flexible and reversible, as well as easy to assemble and reassemble. 

The following images show the most significant details developed for the selected demo cases within the 

analyses conducted in Task 2.4, with the aim to present the 3D circular solutions also from a construction 

perspective. 

It is important to note that the following details concern the more significant connection points of the 3D 

circular solutions to the existing buildings. These 3D solutions have been developed starting from the 2D 

solutions studied within Task 2.3 by the DRIVE 0 partner companies, which will be physically applied to the 

case studies. 

The study of these details was crucial for assigning the scores [0.1-1] to the circularity indicators described in 

Chapter 4.1 aimed at calculating the final synthetic index representing the level of circularity EBCI. 
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Figure 118. Construction details of the partial on top add-on developed for the Dutch pilot (©2022, DA – UNIBO). 
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Figure 119. Construction details of the partial on top add-on developed for the Dutch pilot (©2022, DA – UNIBO). 
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Figure 120. Construction details of the ground add-on developed for the Dutch pilot (©2022, DA – UNIBO). 
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Figure 121. Construction details of the ground add-on developed for the Dutch pilot (©2022, DA – UNIBO). 
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Figure 122. Construction details of the façade add-on developed for the Dutch pilot (©2022, DA – UNIBO). 
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Figure 123. Construction details of the façade add-on developed for the Dutch pilot (©2022, DA – UNIBO). 
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Figure 124. Construction details of the on top add-on developed for the Spanish pilot (©2021, DA – UNIBO). 

 

 

Figure 125. Construction details of the façade add-on developed for the Spanish pilot (©2022, DA – UNIBO). 
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Figure 126. Construction details of the aside add-on developed for the Spanish pilot (©2022, DA – UNIBO). 
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Figure 127. Construction details of the add-ons combination scenario developed for the Estonian pilot (©2022, DA – UNIBO) 
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Figure 128. Construction details of the façade system in LSF to be implemented in the deep renovation scenario of the Irish pilot 

(©2022, DA – UNIBO). 
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Figure 129. Construction details of the ground add-on developed for the Irish pilot (©2022, DA – UNIBO). 
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Figure 130. Construction details of the façade add-on developed for the Irish pilot (©2022, DA – UNIBO 
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5 Conclusions 

A building renovation intervention represents a complex process in which several operators (such as the 

building owner, investor, designer, demolisher, constructor, manufacturer, and waste manager) are involved. 

Crucial design decisions during the process have to be taken at different times by different users who are 

often not even fully aware of the whole design process according to a holistic approach, nor of the actors 

involved. Furthermore, the investors often do not know the value of the origins and quantities of materials 

stocked in the building. The consequence of this scenario leads to a lack of interest on the part of investors 

in the destination of the materials deriving from the renovation process, nor in their quantities and qualities 

in order to consider the possibility of reusing or recycling them. These aspects represent the main barriers to 

the effective adoption of a circular approach to the field of renovation of the built environment. 

 

On the contrary, the awareness of all stakeholders about the state of the art of existing building, in terms of 

construction materials and techniques and of the economic-social context of intervention, as well as in terms 

of the environmental impact of the intervention scenarios, should be at the basis of the original concept of a 

renovation process. This awareness could be reached using methods and tools for easily assessing the 

environmental impact and level of circularity of different alternative deep renovation scenarios. As [31] 

shows that the link between sustainability and circular economy is still not entirely clear in the literature, this 

tool could effectively support the decision-making process. Indeed, it is aimed at raising the awareness of all 

users, even those not specialized in the building sector, to the theme of circularity that is deeply linked to 

sustainability, which is unavoidable for facing climate change.  

 

The pre-demolition audit could be an effective strategy useful for improving the cooperation and 

communications between the actors, but literature shows that this instrument is not yet commonly used 

[32]. Other tools that could be very useful are those of Life Cycle Cost analysis (LCC), but sources in the 

literature demonstrate that, nowadays, they are still scarcely used in the circular economy [33]. 

One of the possible causes of the lack of use of these tools lies in their complexity and difficult accessibility 

by all users, especially for those not specialized in the construction sector. This reflection led to the objective 

of defining a simplified method for easily assessing the level of circularity of specific 3D circular solutions and 

of the whole building after implementing different renovation scenarios. The analyses conducted within Task 

2.4 demonstrate that the proposed simplified method represents a valuable decision-making tool to support 

all stakeholders involved in making aware design choices according to a holistic approach, which also 

considers the environmental impact. 



  
 

 
H2020 DRIVE 0_841850_WP2_Task 2.4_Deliverable 2.3                   

  

 

163 

 

The design phase is fundamental for assessing the environmental impact and market opportunities with the 

life-cycle approach [32]. In order to enhance the circularity level of the design concept, it is crucial to adopt 

the DfD principle, which corresponds to the pursuit of the reversibility of construction systems and 

components. Nevertheless, designers often hardly operate according to this principle since such plug&play 

technological solutions are difficult to find and identify on the market. From this comes the need to promote 

a dialogue between designers and technology providers to spread the use of 2D and 3D solutions easily 

assembled and disassembled, applicable and removable, and possibly recyclable or reusable in other 

contexts. As demonstrated by the simplified method, such solutions contribute to enhancing the level of 

circularity of the buildings, extending their life span, and reducing their environmental impact. 

Indeed, the analyses carried out so far on the four selected pilot cases (Dutch, Spanish, Estonian, and Irish) 

demonstrate how the implementation of deep renovation interventions based on the use of 3D circular 

solutions (i.e. volumetric additions) allows doubling the EBCI circularity index of the renovated state 

compared to the current state of a building. 

 

UNIBO developed a further implementation of this tool for carrying out an LCC analysis to assess the 

economic impact as well for each case study and each intervention scenario studied. The approach adopted 

was again simplified since it considers only construction and maintenance costs, evaluated in a 25 years 

period (starting from the end of the renovation intervention). The discount rate used in the calculations was 

the one proposed by the European regulation on the discounting of cash flows, i.e. 4%. Furthermore, in order 

to calculate the income and the profit after a hypothetical sale of the renovated building, the increase in the 

real estate value of the renovated buildings was estimated, which is particularly significant, especially for 

solutions where the net area and the number of housing units are significantly increased. These analyses - 

which are not reported in Deliverable 2.3 because they are beyond the scope of its focus on "A Set of circular 

prefab 3D case specific solutions" - have confirmed the potential of the volumetric addition strategy 

promoted by ABRACADABRA which, if based on the principles of circularity promoted by DRIVE 0, is further 

increased. 
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