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ABOUT THE ARV PROJECT  
The vision of the ARV project is to contribute to speedy and wide scale implementation of Climate 
Positive Circular Communities (CPCC) where people can thrive and prosper for generations to come. The 
overall aim is to demonstrate and validate attractive, resilient, and affordable solutions for CPCC that 
will significantly speed up the deep energy renovations and the deployment of energy and climate 
measures in the construction and energy industries. To achieve this, the ARV project will employ a novel 
concept relying on a combination of 3 conceptual pillars, 6 demonstration projects, and 9 thematic focus 
areas. 
 
The 3 conceptual pillars are integration, circularity, and simplicity. Integration in ARV means the 
coupling of people, buildings, and energy systems, through multi-stakeholder co-creation and use of 
innovative digital tools. Circularity in ARV means a systematic way of addressing circular economy 
through integrated use of Life Cycle Assessment, digital logbooks, and material banks. Simplicity in ARV 
means to make the solutions easy to understand and use for all stakeholders, from manufacturers to 
end-users.  
 
The 6 demonstration projects are urban regeneration projects in 6 locations around Europe. They 
have been carefully selected to represent the different European climates and contexts, and due to their 
high ambitions in environmental, social, and economic sustainability. Renovation of social housing and 
public buildings are specifically focused. Together, they will demonstrate more than 50 innovations in 
more than 150,000 m2 of buildings. 
 
The 9 thematic focus areas are 1) Effective planning and implementation of CPCCs, 2) Enhancing 
citizen engagement, environment, and well-being, 3) Sustainable building re(design) 4) Resource 
efficient manufacturing and construction workflows, 5) Smart integration of renewables and storage 
systems, 6) Effective management of energy and flexibility, 7) Continuous monitoring and evaluation, 8) 
New business models and  financial mechanisms, policy instruments and exploitation, and 9) Effective 
communication, dissemination, and stakeholder outreach. 

 
The ARV project is an Innovation Action that has received funding under the Green Deal Call LC-GD-4-1-
2020 - Building and renovating in an energy and resource efficient way. The project started in January 
2022 and has a project period of 4 years, until December 2025. The project is coordinated by the 
Norwegian University of Science and Technology and involves 35 partners from 8 different European 
Countries.  
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The vision and goals of the project are intended to demonstrate how the project will impact various 
aspects such as architectural, social and environmental. 
 
Architectural vision and goals: 
One of the main goals of the project is to reduce embodied energy in buildings by 50%. Therefore, the 
architectural vision of the large-scale retrofitting (Action 1) is to provide cost-optimal retrofitting 
solutions for large and medium multi-family buildings constructed before 1980, while in addition using 
local building materials. 
 
The integrated energy design for the retrofitting will be proposed for the protected and iconic heritage 
GESA office building from the Modern Movement (1970) (Action 2). GESA building is characterized by a 
glass curtain wall, therefore, an integrated design solution for the envelope is a necessity to reduce the 
energy demand to 50% compared with the pre-retrofit status. In order to achieve architectural vision of 
the project, the design concept includes a pre-testing of several last generation BIPV solutions. Designing 
an optimal solution for high glazed office buildings will not only affect aesthetics aspects, but also has an 
impact to the heating and cooling loads and energy production. Several Heating, Ventilation, and Air 
Conditioning (HVAC) solutions and strategies will be analysed and designed adapted to the local climate 
by means of integrated design linked with the envelope solutions in the façades. 
 
Lack of ventilation significantly affects people's health by causing various building-related health 
symptoms such as respiratory diseases, allergies, headaches, and others [2]. Therefore, Integrated 
Design for social housing (Action 3) will consider hybrid ventilation solutions driven by Indoor Air 
Quality (IAQ) metrics for cooling and heating, which are intended to provide also a high architectural 
quality.  
 
Environmental vision and goals: 
Another principal goal of the project is to reduce Greenhouse Gas (GHG) emissions towards zero for the 
total life cycle compared to the current situation shown through cradle-to-cradle Life Cycle Assessment 
(LCA). In this regard, in order to reduce GHG emissions in the product stage, solutions based on the 
recovery of eco-friendly local artisan industries with km 0 raw materials are planning to be tested. 
Increased use of local materials will in addition contribute to the ARV´s circularity pillar, which aims at 
durability, flexibility, adaptability, reuse, and recycling of materials.   
 
Social vision and goals: 
Cost-optimal solutions for large-scale retrofits aim not only to reduce energy demand by 50%, but also 
to significantly improve thermal comfort conditions. The social vision of the Action 1 is thus to provide 
optimal thermal comfort to the residents while keeping houses affordable. A catalogue of technical 
solutions for replicability will be derived, which guarantees a high level of replicability for other projects, 
which will lead to an improvement in thermal comfort and affordability for other residents. 
 
The vision of Action 2 is a design of a new Energy Positive Social Housing with 36 apartments. Utility 
bills account for a large portion of the operating costs for a multifamily building, so reducing energy 
costs is one of the primary solutions to preserve affordable housing.  
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Figure 3. Aerial view of Can Ribes factory and the typical housing [3]. 

 
In 1943, the area south of La Soledat were qualified as industrial (Figure 4). Later, in 1962, the Son 
Molines power plant was installed. The factories contributed to the development of the working-class in 
the neighbourhood. 
 

 
Figure 4. Denomination of residential and industrial zone (Plan of 1943). Adopted from [3]. 

 
After the approval of the 1963 urban plan, it was allowed to increase the building density without 
allocating hardly any space for equipment and green areas. At that time, industries tended to be located 
outskirts of the city. As a result, empty lots were left, and small residential buildings were replaced by 
large residential buildings. 
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Figure 5. "La Soledat" and "Polígono de Levante" in the city. Adopted from [3]. 

 
Second stage of development: Polígono de Levante  
During the 1970s, the increase in Mallorca's population due to its consolidation as a tourist destination 
generated the need to build low-cost housing. 
 
Several social housing units were built around the traditional area, and others also to the south of the 
district. This fact gave rise to the creation of the "Poligono de Levante", which today is called "Nou 
Llevant".  
 

 

 
Figure 6. Formation of La Soledat and the Industrial Park. Adopted from [3]. 

 
Third stage of development: Llevant Innovation District  
The current world economic situation has highlighted the economic dependence of the Balearic Islands, 
based on the tourism sector. On the other hand, the climate emergency that affects us all forces us to 
act to curb its effects. At the same time, in recent years we are seeing how social inequality is growing 
and more and more vulnerable groups. Therefore, we need tools to offer opportunities to citizens, and 
the creation of an innovation district is one of them, as it is a geographical area where they converge 
housing, offices and shops that will serve as a technological base oriented to innovation.  
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Figure 10. Actions to connect with the centre of the city. 

  



https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/lc-gd-4-1-2020
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In order to generate the ERRP zone, a study has been carried out by the city council according to building 
typology.  A code system was created to identify buildings by size, year of construction and, in some 
cases, area. 

 
 

The area of the city studied for the ERRP document is larger than the district covered by the ARV project. 
Focusing on the DILL district, the typology of buildings can be seen in Figure 12. 
 

 
Figure 12. Building codes according to assignment in ERRP document. 
 

Code Building type Year of 
construction 

Area 
 

1A Multifamily Before 1981 
Son Gotleu 
Son Ximelis 
Mare de Deu 

1B Multifamily 1981-1990 
Son Gotleu 
Son Ximelis 
Mare de Deu 

2A Multifamily Before 1981 Nou Llevant 

2B Multifamily 1981-1990 Nou Llevant 

3A Multifamily Before 1981 Rest of the 
area 

3B Multifamily 1981-1990 Rest of the 
area 

4A 
Single family 

Multifamily with 
(< 3 dwellings) 

Before 1981 Rest of the 
area 

4B 
Single family 

Multifamily with 
(< 3 dwellings) 

1981-1990 Rest of the 
area 

Figure 11. Groups of buildings throughout the ERRP area. 
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Figure 14. Monetary and financial fluxes for the PPP model. Adopted from [5]. 
 
4.1. SELECTION OF THE BUILDING ARCHETYPES 
 
As a first step, the general priority area for retrofitting measures was defined in cooperation with the 
Palma City Council. Secondly, several selection criteria were applied to the defined area to identify 
potential building archetypes for the application of sustainable design concepts. 
 
The first criterion applied to the selected priority area is the year of construction of the building. Figure 
15 shows a map of the selected area with different colour codes for the buildings based on their year of 
construction. It is worth noting that most of the buildings were built before 1980, specifically in the 
period of 1961-1980, so the areas marked light blue could be potential candidates for retrofitting as they 
represent the majority of the buildings in the area. 
 

 
Figure 15. A map of the selected area with different colour codes for the buildings based on the construction year. 
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Figure 21. Pie chart with the distribution of high priority (left) and medium-high priority area (right) of the typology 
of owners. 
 
It is expected that the legal entities are open to the retrofitting process because the value of the houses 
would increase, together with the owners that are living within the buildings. Therefore, in the case of 
high priority area we obtain 53.1% of owners who could be more open for retrofitting and in the case of 
medium-high priority area it would be 51.8%. In any case, the engagement process under a PPP 
mechanism aims to overcome barriers and engage owners in the retrofitting actions. 
 
4.1.1. DESCRIPTION OF LARGE MULTIFAMILY BUILDING ARCHETYPE 
The first typology selected for sustainable design is a large multifamily building at Carrer de Caracas 1 
(Figure 17), which is the representative building type in the area of Nou Llevant. It is a 4-storey building, 
where each floor consists of twelve flats. Each flat consists of a living/dining room, a kitchen, a bathroom, 
two bedrooms, and a balcony. In addition, one of the main features of this building is an open ground 
floor. The main façade connecting the building to the street faces southwest and another main façade 
faces the green space to the northeast. The side façades face northwest and southeast respectively.  
 
The building was constructed before 1980, when energy regulations for buildings were very limited. 
Therefore, buildings from this construction period can be characterised by minimal thermal 
performance requirements for the building envelope, less efficient cooling and heating systems, older 
windows and other energy consuming features. The description of the structural elements of the 
building such as walls, floors, windows and ceilings are summarised in Table 4. 
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Table 4. The description of the structural elements of the building (Archetype 1). 

Element Layers Thickness 
[m] 

U-value 
[W/m2K] Image 

External 
walls 

Plaster coating 0.01 

2.207 

 

Concrete block 0.20 

Plaster coating 0.01 

Internal 
walls 

Plaster coating 0.01 

2.603 

 

Perforated masonry brick wall 0.07 

Plaster coating 0.01 

Roof 

Plaster coating 0.01 

1.926 
 

Unidirectional slab of prestressed concrete beams 0.003 

Roofing tar 0.01 

Ceiling 

Terrazzo pavement 0.03 

1.866 
 

Cement mortar 0.02 

Unidirectional slab of prestressed concrete beams 0.20 

Plaster coating 0.01 

Ground 
floor 

Terrazzo pavement 0.03 

0.921 

 

 
 

Cement mortar 0.01 

Filler concrete 0.15 

Compacted soil 0.15 

Windows 
Glass: simple glass 0.006 5.69 - 

Frame: aluminium no thermal break - 2.26  

 
The building model has been performed to provide energy and thermal comfort performance 
predictions. The energy simulations of the building with impacts of shading effects from nearby 
buildings are carried out with TRNSYS, using SketchUp as a 3D interface (Figure 22). 
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Figure 22. The building model with a shading effect from nearby buildings (Archetype 1). 
 
The first floor, an intermediate and the top floor were selected for the simulation in order to observe 
critically behaving zones. The internal distribution of each floor with three representative dwellings is 
presented in Figure 23. Distribution of day and night zones is proposed as following: each dwelling has 
two day zones (D1 and D2) and two night zones (N1 and N2). Zone D1 consists of a living and a dining 
room with a balcony and zone D2 consists of a kitchen and a bathroom with a corridor. Zone N1 consists 
of two bedrooms and zone N2 consists of one bedroom.  
 

 
Figure 23. The internal distribution of the floor with thermal zones proposal (Archetype 1). 
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4.1.2. DESCRIPTION OF MEDIUM MULTIFAMILY BUILDING ARCHETYPE 
The second typology selected for sustainable design is a medium multifamily building at Carrer de la Fe, 
36 (Figure 18), which is representative building type in the area of La Soledat Sud. It is a 4-storey 
building, where each floor consists of one flat and the first floor in addition consists of the shop and the 
attic. Each flat consists of a living/dining room, a kitchen, two bathrooms, four bedrooms, and a balcony. 
The main façade connecting the building to the street faces southeast and another main façade faces 
other buildings to the northwest. The side façades face northeast and southwest respectively.  
 
Similar to the first typology, the building was constructed before 1980 and is characterized with the 
same materials presented in Table 4. The energy simulations of the building with impacts of shading 
effects from nearby buildings is presented in Figure 24. 
 

   
Figure 24. The building model with nearby buildings (Archetype 2). 
 
The internal distribution of the floor is presented in Figure 25. Distribution of day and night zones is 
proposed as following: each dwelling has two day zones (D1 and D2) and two night zones (N1 and N2). 
Zone D1 consists of a living/dining room and zone D2 consists of a kitchen, a bathroom and a hall. Zone 
N1 consists of one bedroom and a bathroom and zone N2 consists of three bedrooms. 
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Figure 25. The internal distribution of the floor with thermal zones proposal (Archetype 2). 
 
4.1.3. DESCRIPTION OF SMALL MULTIFAMILY BUILDING ARCHETYPE  
The third typology selected for sustainable design is a small multifamily building at Carrer de Siquier, 
20 (Figure 19), which is another representative building type in the area of La Soledat Sud. It is a two-
storey building, where each floor consists of a one apartment. The apartment on the first floor consists 
of two bedrooms, a hall, a garage, two living rooms, a dining room, a kitchen, a bathroom and a laundry 
room. The apartment on the second floor consists of two bedrooms, a bathroom, a living room, a hall, a 
dining room, a kitchen and a laundry room. The main façade connecting the building to the street faces 
southeast and another main façade faces other buildings to the northwest. The side façades face 
northeast and southwest respectively.  
  
The building was constructed before 1980 (the national cadastre records it by 1940), when energy 
regulations for buildings were absent. Therefore, buildings from this construction period can be 
characterised by minimal thermal performance requirements for the building envelope, non-efficient 
cooling and heating systems, old windows and other high-consuming energy features. The description 
of the structural elements of the building such as walls, floors, windows and ceilings are summarised in 
Table 5. 
 
Table 5. The description of the structural elements of the building (Archetype 3). 

Element Layers Thickness [m] U-value [W/m2K] 

External walls - 
Façade 

Exterior coating 0.02 

2.545 Marés stone wall 0.25 

Interior coating 0.01 

Ceiling Slab 

Terrazzo pavement 0.03 

1.591 Cement mortar 0.02 

Unidirectional slab 0.2 
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The internal distribution of the ground and the first flour are presented in Figure 27 and Figure 28 
respectively. Each dwelling has one day and one night zone, which consists of different rooms for each 
of the flours.  

 
Figure 27. The internal distribution of the ground floor with thermal zones proposal (Archetype 3). 
 

 
Figure 28. The internal distribution of the first floor with thermal zones proposal (Archetype 3). 
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4.1.4. DESCRIPTION OF SINGLE-FAMILY BUILDING ARCHETYPE 
The fourth typology selected for sustainable design is a a single-family building at Carrer de la Fe, 35 
(Figure 20), which is another representative building type in the area of La Soledat Sud. It is a one-
storey building, where the complete floor surface is a single-family house. The single-family house 
consists of two bedrooms, two bathrooms, a hall, a dining room, a storage room, and a kitchen with a 
living room. The main façade connecting the building to the street faces northwest and another main 
façade faces other buildings to the southeast. The side façades face southwest and northeast 
respectively.  
  
Similar to Archetype 3 typology, the building was constructed before 1980 (the national cadastre 
records it by 1910) and is characterized with the similar materials presented in Table 5,which are the 
ones used in traditional architecture in Mallorca The energy simulations of the building with impacts of 
shading effects from nearby buildings is presented in Figure 29. 
 

 
Figure 29. The building model with a shading effect from nearby buildings (Archetype 4). 
 
The internal distribution of the floor is presented in Figure 30. Distribution of day and night zones is 
proposed as following: the single-family house has one night zone with two bedrooms and a hall, and 
one day zone, which consists of a dining room, a storage room, two bathrooms and a kitchen with a living 
room.  
 



 
  
 

 
 

 C L I M A T E  P O S I T I V E  C I R C U L A R  C O M M U N I T I E S  
 
 

34/235 

 
Figure 30. The internal distribution of the floor with thermal zones proposal (Archetype 4). 
 

 
4.2. CONCEPT DESIGN 
The integrated energy design process has been done based on a multicriteria analysis, considering 
energy, environmental, indoor comfort, and economic parameters. Overall, the design process should 
apply several steps (Figure 31), starting from acting in the design phase by integrating passive measures 
to implementing Renewable Energy Systems (RES).  

 
Figure 31. The integrated energy design process strategy. 
 
Therefore, the integrated energy design process of the buildings includes both passive and active energy 
saving solutions. 
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Figure 32. Passive measures packages for Archetypes 1 and 2. 
 

 
Figure 33. Passive measures packages for Archetypes 3 and 4. 
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2. Implementation of PV systems in building roofs. 
3. Change of the DHW equipment, typically gas or butane boilers or electrical DHW tanks, for heat pumps.  
 

The number of scenarios for each of the chosen simulations will be 7, and these will be analysed in terms 
of initial investment and in terms of global cost over 50 years. Lastly, technical details of the specific 
equipment can be found in Energy Performance Analysis section (4.3.1) with the results of the 
analysis. 
 
4.3. PERFORMANCE ANALYSIS 
Cost-optimal solutions for retrofitting of buildings in large-scale renovation process aiming to achieve 
50% reduction in the energy demand and a significant improvement in the thermal comfort conditions. 
The conceptual scheme of the performance analysis is illustrated in Figure 34.  

 

 
Figure 34. The conceptual scheme adopted for the integrated energy design.  
 
 
4.3.1. ENERGY PERFORMANCE ANALYSIS 
The main objective of this part of the study is to obtain the most favourable scenarios for the retrofitting 
of the district's buildings in order to support decision-making process. 
  
A relevant aspect to be taken into account when comparing rehabilitation scenarios is the possibility of 
obtaining subsidies according to Table 2. This fact has the consequence that scenarios with a higher 
investment cost can be a more economical option thanks to the additional reduction of non-renewable 
primary energy. 
 
For the calculation of the primary energy in the different simulation scenarios, the same profile of 
installations [6] has been used to cover the total demand according to Table 7. It should be noted that, 
for the calculation purposes and according to the Spanish building technical code, when no system is 
present equivalent performance of gas boilers and air conditioning split are considered for 
heating/DHW and cooling, respectively. 
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Figure 35. Heating and cooling energy demands and non-renewable primary energy in the analysed scenarios (W6-
R8) (Archetype 1). 
 

 
Figure 36. Heating and cooling energy demand and non-renewable primary energy in the analysed scenarios (W6-
R8) (Archetype 2). 
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Figure 37. Heating and cooling energy demands and non-renewable primary energy in the scenarios analysed (W8-
R8) (Archetype 3). 
 

 
Figure 38. Heating and cooling energy demand and non-renewable primary energy in the scenarios analysed (W8-
R10) (Archetype 4). 

 
The heating demand in non-renovated scenarios for all the archetypes range from 42 to 91 kWh/m2, 
these demands are, in some cases, not covered by the tenants of the dwellings, thus affecting the 
decrease in comfort. When renovating the building envelope the heating demands decreases 
significantly, reaching values below 20 kWh/m2, for Archetypes 1, 2 and 3, and below 40 kWh/m2 for 
Archetype 4 when windows are also renovated. Range for the reduction of heating demands is between 
42 and 85%. More reduction can be achieved with package 2, where the windows are renewed, making 
the building more airtight, so reducing infiltration. However, there is not a significant change when 
comparing the demands of conventional and ecological packages, as the physical characteristics of that 
solutions are quite similar independently of the origin of the materials. 
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Figure 45. Investment per dwelling vs Non-renewable primary energy (Archetype 4). 
 
 

 
Figure 46. Comparison between cooling and heating energy demand (Archetype 4); Real orientation: West. 
 
The building orientated both West and East (main façade) are similar, however, South and North differ 
significantly as packages with and without windows refurbishment have similar energy results 
respectively.  
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the photovoltaic installation combined with DHW heat pump changes the label from a D to a C, however, 
it increases the investment cost. 

 

  
Figure 51. Investment per dwelling vs Non-renewable primary energy (Archetype 3). Minimum investment points are 
indicated int the graph. 
 
Further analysis, taking into account overall costs, is shown in Figure 52. 
   

   
Figure 52. Global cost vs Passive + Active measures and Non-renewable primary energy consumption (Archetype 3). 
 


































































































































































































































































































































































