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Summary  
 

This report represents the deliverable D6.3: "Report and feedback loops of the tests in step 1" of Work Package 
6. It demonstrates key data concerning the general features of the demonstrators in the DRIVE 0 project and 
highlights the results of the first small scale (step -1) assessment of the different renovation components for each 
demonstrator for a future circularity analysis. This report aims at collecting and analysing the different renovation 
products and concepts as developed in WP2 and WP3 that will be tested under so-called "living lab conditions", 
as presented in chapter 5 of this report, on a small scale in the countries involved in the DRIVE 0 project (Greece, 
Ireland, Estonia, Italy, Slovenia, Spain, and the Netherlands). 

Starting with previous project deliverables, each partner will test the components and concepts in a small scale 
(mock-up) or through simulations, and depending on the performance of the solutions, the final solution(s) will 
be selected for further demonstration on small scale pilots. Information and results of T6.3 feed in to T6.4, 
titled «Testing of the circular renovation concepts – step 2», in which the proven renovation solutions will be 
tested in pilots under inhabited conditions. 

With this report, we try to present the different testing campaigns that can be used for the assessment of a 
solution, but also by providing valuable information about the circularity and efficiency of the different 
renovation solutions.  
For this step-1 approach, each demonstrator, according to their main research interest or available equipment, 
chooses the best and most suitable testing method (via test wall/mock-up or via simulations (Energy or 
Environmental LCA) and will present and assess the results gathered from this small-scale testing. 

The results of this small-scale testing revealed that the DRIVE 0 aim of a 70% energy reduction was met in 
most cases by combining DRIVE 0 circular interventions, with the standard renovation techniques. The 
circular measures performed similarly or better performance, compared to conventional -linear techniques, 
nonetheless with a higher environmental benefit.  
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1 Introduction 

DRIVE 0 is focused on the decarbonisation of the EU building stock through circular renovation process. DRIVE 
0 also has the aim of convincing the main stakeholders, consumers, and investors, on the benefits of having 
a more environmentally friendly approach which uses local geomaterials and has a customer-centred 
approach. These objectives will be achieved by the following 4 main steps: 

1. Developing proven deep renovation products based on local available materials and components, 
with an emphasis on easy-to-install Plug & Play prefab solutions for envelope elements and building 
services. 

2. Developing attractive consumer-centred business models based on circular renovation concepts 
supported by digitalization and gamification. 

3. Providing occupants with attractive and understandable information on the total building 
performance in use. 

4. Providing the stakeholders with evidence of the performance of the developed solutions obtained 
by local studies and demonstration cases initiated by "local drivers" 

WP6 is directly related to Objective 3 and aims to identify and to use typical local drivers to initiate and 
accelerate deep renovation. This will be combined with the overall driver in DRIVE 0: the need for a transition 
to a circular renovation process. Seven demonstrators are selected in seven countries, representing all 
climatic zones in Europe, each with a specific local driver. The demonstrators will:  

- Give input for the assessment of the potential of local available reusable materials, discriminating 
local drivers and relevant local stakeholders in the total local value chain;  

- Give feedback on the practical working and usefulness of the proposed consumers centred circular 
renovation concepts such as performance in practice, actual renovation time, the extent to which 
materials are actually re-used, the extent of appreciation by end-users etc.; 

- Providing evidence to the involved end-users and to the most important stakeholders on EU level;  
- Provide input for a comparison of the potentials and effectiveness of using and exploiting local 

drivers. 

The methodologies, tools, supporting information services and derived end-user centred business models 
will be demonstrated and validated in several demonstration cases in real life operating conditions. Each 
represent an approach to attain a circular way of renovation as well as applying a specific local driver. These 
demonstration cases will first be used for benchmarking the circularity of the demonstration sites, including 
both the potential and constraints for circular renovation. A cases-specific Monitoring Action Plan will be 
devised which will be the basis for the testing of the circular renovation concepts in 2 steps. 

More specifically, the current analysis aims to achieve the collection and assessment of all the selected 
circular solutions that will be tested in each case study. The aim of this step (Step 1) is a small-scale testing 
of the products/concepts from WP2 and 3 in so called: “living labs” for in depth testing. These tests should 
give feedback to WP2 and 3 and can be used to adjust products, components, or total solution packages. 
Furthermore, based on the results of the current analysis, the demonstrators will decide the final 
interventions and install the tested technologies/systems in their demonstrators, in a later stage. 
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The provision of real total performance data for the different demonstrator cases plays a fundamental role 
in the demonstration of the performance of the deep renovation solutions and the circular renovation 
concepts. For this purpose, each demonstrator will hold testing campaigns, as described in this report, to 
assess the efficiency of the proposed solutions. 

After receiving a clear image of the current situation of the building, the first testing of the proposed circular 
renovation measures will take place. Each demonstrator will choose the best testing method for their case. 
It is possible to use more than one testing method for this assessment. Once the technologies and products 
are tested and expected performances are proven a selection of final solution(s) / concepts will be made. 
These final concepts will be tested in Step 2 (testing in small scale pilots D6.4).  
 

2 Selected demonstrators 

In the framework of the DRIVE 0 project, different building typologies (condominiums, social housing 
companies, and privately-owned single-family dwellings) have been analysed for seven European countries 
(Netherlands, Spain, Italy, Estonia, Slovenia, Ireland, and Greece) following a common methodological 
approach.  

A brief set of information concerning the 7 demonstrators considered in the project is listed in the following 
Table 1. The demonstrators are identified by a progressive number from 1 to 7.  

No  LOCATION FLOOR AREA 
(m2) 

PICTURE Testing methodology for step 1 
approach 

1 Netherlands Around 500 m2 
(About 100 m2 per 
dwelling) 

 

Test wall, mock-up 
3D design optimization process 
Simulations (Energy and Environmental LCA) 

2 Barcelona, 
Catalonia, Spain 

937,25 m2, office 
area adjacent to 
the medianera 
wall, 3rd floor: 426 
sqm 
4th floor: 426 sqm 
5th floor: 415 sqm, 
in total: 1267 sqm 

 

3D design optimization process  
Simulations (Energy and Environmental LCA) 
Plan for mock-up by local industrial partners 

3 Athlone Town, 
(Suburban) 
Midlands 
Ireland 

Circa 160 m2 
(80 m2 per 
dwelling) 

 

Test wall, mock-up 
3D design optimization process 
Simulations  

(Energy and Environmental) 
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4 Argelato 
(Bologna), 
Emilia 
Romagna, Italy 

470 m2 

 

3D design optimization process 
Simulations (Energy and Environmental LCA) 

5 Estonia 2415 m2  

About 60 m2 per 
unit 

 

Test wall, mock-up 

Simulations (Energy and Environmental LCA) 

6 Slovenia 

 

a) 209 m2 net 
heated 
b) 198 m2 net 
heated 
c) 246 m2 net 
heated 

 

Simulations (Energy) 

7 a) Athens 
Centre 

b) Anavyssos, 
Attica 

a) 108.4 m2 
b) 109 m2 

 

 

Simulations (Energy and Environmental LCA) 

Table 1: Demonstrators Table 

The local pilot leaders (LPL) and the executive technical partners supporting them are responsible for the 
information provided. Each has done so according to the chosen testing methodology in their specific cases 
and the accompanied results as reported below. 

 

3 Test Wall, Mock-up 

3.1 Dutch Demonstrator 

In January 2022, a mock-up was completed at the ‘Chemelot circular hub’ 
(https://www.brightlands.com/brightlands-chemelot-campus/circular-hub). The mock-up, about 5 meters 
wide and 6 meters high (scale 1:1), is a representation of the front facade of a typical Dutch single-family 
dwelling. The mock-up is divided into four vertical parts to test four different facade set-ups. Figures 1 and 2 
show the design of the Dutch mock-up. Below, we briefly discuss the design of the mock-up and the 
performance indicators that will be testedi. 

https://www.brightlands.com/brightlands-chemelot-campus/circular-hub
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Figure 1 Principal design of the Dutch mock-up 

 

 
 

A B 
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Figure 2 The mock-up is divided into four vertical parts to test four different facade set-ups: a) baseline; b) timber frame element 

with brick slips finishing; c) timber frame element with weakly ventilated rebate; d) timber frame with fully ventilated re-used wood 

The mock-up consists of a substructure finished with H20 plates. In front of this basic structure, four vertical 
parts were created. One part was left ‘blank’ (baseline) and the other three parts were covered by timber 
frame elements with different finishes: brick slips; weakly ventilated rebates, and fully ventilated re-used 
wood. The 3 different timber frames are suspended and can be tested independent from one another at full 
height. (Figure 2).  

The installation of the mock-up is displayed in figures 3-5. 

The following performance indicators will be assessed in the period Q1 2022-Q2 2023 for 12 months: 

1) Aesthetics and social acceptance 

The design of the facade is showcased to potential clients and assessed for the social acceptance of the 
(circular) design of the three facade set-ups. 

2) Manufacturability and its impact on the construction process and supply chain set-up 

The mock-up was constructed to test the manufacturability (technical, time and cost) of the three facade 
designs and to assess the impact on the construction process and supply chain set-up. The latter concerns 
harvesting building materials to construct facade elements. 

3) The greenhouse effect: a temperature gradient 

Since no research has yet been conducted in the Netherlands into the influence of a ventilated facade on the 
indoor climate in summer (as far as known), these measurements can be used to demonstrate how either 
weakly or fully ventilated façade systems behave under the influence of solar radiation. For this, at different 
layers and at three different heights of the three elements, the surface temperature will be measured for 12 
months. We expect that a ventilated facade gives a much lower surface temperature on the existing inner 
leaf than a non-ventilated variant.  

4) Multi cycle circularity: testing origin, DfD and end-of-life scenario’s 

To arrive at a fully circular facade design, the three facade set-ups were evaluated on three aspects 
concerning the origin of the materials applied, the potential for disassembly, and the potential of the 
materials at the end-of-life of the facade element.  

C D 
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Figure 3 Installing the substructure of the mock-up. Note that the mock-up is fully demountable 

   
Figure 4 Mounting the different facade set-ups on the substructure (a-c) 

A 
B C 
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Figure 5 The Dutch mock-up installed at the Chemelot Circular Hub, Sittard-Geleen, The Netherlands 

 

3.2 Irish Demonstrator 

3.2.1 Mock-Up Test Overview 

The test wall mock-up for the Irish demonstrator is in progress. Following a period of detailed development 
amongst the Irish team, which involved manufacturer Vision Built, architects COADY, researchers TUDublin 
and contractor SISK, the construction details for all junctions have now been agreed and these are being 
tested in the mock-up.  

The mock-up involves manufacture, installation and deinstallation, and full DfD assessment of four panels, 
three 2D and one 3D, which represent all the key junctions and situations occurring in the actual 
demonstrator. The panels are being manufactured at the Vision Built plant in county Galway and will be 
transported for assembly on a test wall at another facility in the county Sligo. Researchers are documenting 
the manufacture, transport, and installation processes along with partial and full deinstallation, 
reinstallation, and full disassembly as part of a comprehensive DfD assessment. 
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Figure 6 Mock-Up panel manufactures and test wall locations 

 

Test Wall (Pre-Installation) in Tubbercurry, Sligo  Proposed Mock-Up Test Panels on Existing Wall 

Figure 7 Mock-Up test wall and proposed test Panels respectively 

 

Mock-Up Test Wall Location, Tubbercurry Co Sligo  

Mock-Up Panels Manufacturer, Oranmore Co Galway  
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3.2.2 Mock-Up Details  

The mock-up test panels have been designed to represent all the key junctions and elements in the actual 
case demonstrator, including careful attention to assembly and disassembly at all levels in the hierarchy. This 
has included the concept of an intermediary horizontal junction at the base and head of panels with tolerance 
and access to allow the install and de-install of panels intact. See blowout details below. 

 

 

Figure 8 Mock-Up test panel details and blowout of key horizontal DfD details with tolerance and movement /access zone 
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3.2.3 Construction and Bio-based Materials  

In addition to a focus on DfD at all levels of the hierarchy, there has also been a focus on testing the biobased 
materials in the panel construction, notably insulation quilts and boardings. 

 

Figure 9 Mock-Up test panel construction and materials 

3.2.4 Test Aims 

Several key performance aspects will be tested and examined in this mock-up. 

• Manufacturing issues with new biobased materials and new finishes 

• Sequence and installation issues, including install and access under existing project eaves 

• Details' robustness, particularly for weathering, with a possible water test 

• Quality of workmanship 

• Quality of finishes 

• Full DfD assessment 
3.2.5 Lab Test Panel  

In conjunction with the mock-up test wall panels, 2 smaller 600 x 600mm sections of 2D panels were 
manufactured and have been sent to the TU Dublin labs to be tested for in-situ factory U-value analysis. The 
results of this will be reported in the future. Below are images of the manufacturing process of these panels, 
showing the steel frame, insulation fill, wood fibre insulation, battens, and cement board. 
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Figure 10 Sample panels for Lab Testing 

3.3 Estonian Demonstrator 

3.3.1 Description of the demonstrator 

The Estonian demonstrator, located in the Saue district and constructed in 1986, represents a typical, serially 
produced 3-story apartment building with a total area of 2415 m2 whose external walls are built from aerated 
autoclaved concrete (AAC) large panels, having a 2-slope roof above a cold attic. AAC large panel buildings 
are the third most dominant structural system in Estonia, after concrete large, panel and brick, apartment 
buildings. This building type was widely built in Estonia between the 1970s and 1990s in suburban and rural 
areas. 

Before the deep renovation, the building had natural passive stack ventilation (a separate ventilation shaft 
for every apartment) with supply air intake from air leakages, mostly through the windows. The building had 
district heating as a heat source for room heating (the distribution system is a one-pipe hydronic radiator 
system) and domestic hot water. 

The building is characterized by its high energy consumption, insufficient thermal comfort, and serious 
thermal bridges (Figure 11, right) and will be renovated with the use of prefabricated timber frame insulation 
elements under the circular renovation concept. 

  
Figure 11 Estonian case-study building before renovation (left) and the side wall view with thermal bridges (right). 

3.3.2 Description of the mock-up test wall  

In the process of a deep energy renovation of the case-study apartment building, the AAC large panel external 
walls with a thickness of 300 mm will be insulated with prefabricated insulation elements (Figure 12, left). 
AAC panels are covered on the external side with a thin (1-5 mm) lime-cement plaster, which is porous and 
locally cracked. The structure of the prefabricated additional thermal insulation element is based on timber 
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frames (c/c 600 mm) with 195 mm of mineral wool (MW) insulation (Figure 12, left, layer 4), where air and 
vapour tightness from the inner side is guaranteed with an air and vapour barrier membrane (Figure 12, left, 
layer 5) and covered with a wind barrier layer (Figure 12, left, layer 3) from the external side. 

 

 

Figure 12 Horizontal section (left) and vertical section (right) of the AAC external wall with mock-up element 

The performance of the most common wind barrier boards on the local market (MW board with special 
facing, fibre cement board, gypsum board without paper, and OSB) was compared. The fibre cement board 
was selected as the first choice for a wind barrier because of its rigidity and high fire resistance class (A2, s1 
d0), which is required for apartment building facades. Ventilated air gap (Figure 12, left, layer 2) with vertical 
timber battens 28×70 mm contributes to the drying-out of built-in moisture, and facade boarding ensures 
the weather-proof protection of envelope structures (Figure 12, left, layer 1). To minimize convection in 
between the structures and to fill the gap between the uneven original wall surface and the prefabricated 
timber frame insulation element, a mineral wool buffering layer is foreseen on the back side of the 
prefabricated elements (Figure 12, left, layer 6). A buffering layer can be fixed in a zigzag pattern with strings 
that are released after the element is installed or by using adhesives. 

The mock-up test elements with embedded ventilation ducts, flashings, and facade boarding were 
prefabricated in an off-site factory to replicate and analyse the production challenges of the real-size 
elements in the process of the deep energy renovation. The buffering layer and other layers of insulation 
elements are installed in a factory and covered with plastic foil to protect them against weather conditions 
during transport and on the building site. The prefabricated elements are covered with facade boarding at 
the factory, except for some minor points that require installation and/or lifting at the building site. 
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Uexternal_wall = 0.14 W/m2K is the designed thermal transmittance of the AAC panel external wall, which is 
further insulated with prefabricated timber frame insulation elements.  

The elements were transported to the case-study building and installed onto the west-side wall, to replicate 
the most critical weather conditions (especially humidity caused by wind-driven rain) during the analysis 
period. See Figure 13 for the mock-up element installation (top) and the location of the elements on the 
external wall (bottom) of the case-study building. 

  

 
Figure 13 Mock-up elements installation (top) and the horizontal section of the external wall of the case-study building with location 

of the installed elements on the wall (bottom). 

The test elements were produced and installed in two types (elements with air and vapour retarders and 
without them) to measure and analyse the hygrothermal performance of the existing wall and the installed 
element under different moisture loads and its redistribution capabilities. A wall without an air and vapour 
barrier membrane has a lower cost and allows higher moisture flux to dry out the constructional moisture 
from the original wall, but with that, it has a higher mould growth risk behind the wind barrier. However, 
without the membrane, it is difficult to guarantee the airtightness of the building envelope. 
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4 Simulations (Energy and Environmental) 

4.1 Spanish Demonstrator 

4.1.1 Description and methodology 

The new selected building is a five-story building at the edge of an industrial and residential area. The selected 
office building, which is located on Avenida de Carrilet 219 in Barcelona, was built in the 1990s. The load-
bearing structure of the building is a reinforced concrete system with solid brick infill. The building has 1 
ground floor and 4 upper floors in total. The dimensions of the building are as follows: the height is 27m, the 
length is 45m, and the width is 24m. The existing facade wall on which the new circular facade system will 
be applied is the south-western facade of the building, consisting of 50 cm of masonry wall (brick cladding 
with mortar) (Figure 14). 

 

Figure 14 The new location of the Spanish pilot project 

Solutions chosen: 

The proposed facade system consists of three parts (see Figure 40 in the Annex). 

• PV Panels: Photovoltaic panels (modular 1x2m), aluminium profile, anchor plate, fastener for mineral 
wool, mineral wool, waterproofing membrane. 
• Opaque Cladding: Fibre cement cladding, aluminium profile, anchor plate, fastener for mineral wool, 
mineral wool, waterproofing membrane. The intention of the cladding is an application of urban mining or 
another reuse strategy but has not been successful so far in identifying a suitable source. 
• Green Facade: Soil of plants, plants, geotextile cultivation, geotextile support, recycled polystyrene 
panel, aluminium profile, anchor plate, fastener for mineral wool, mineral wool, waterproofing membrane 
(see Figure 41 in the Annex). 
 
Energy simulation: 

The impact on the energy efficiency of the renovated building was simulated using the Design Builder 
software, comparing 4 different scenarios: 1) the current state, 2) the current state + the application of the 
DRIVE 0 second skin, 3) the refurbished state, and 4) the refurbished state + the application of the DRIVE 0 
second skin. Given that only 1 wall is renovated, it was decided to simulate what would be the result in case 
the whole building were renovated in a traditional way, given that the concept is specific to the boundary 
opaque wall. Furthermore, the results were taken for the whole building as well as for 4 of the affected 
rooms. The energy balance and energy demand in kWh/m2 were calculated.  
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LCA:  

In this part, the environmental impacts of the materials used for the case study are analysed. For the life 
cycle assessment, a ‘cradle to grave’ approach was used, which means that the assessment includes the 
extraction, transformation, transport, assembly, disassembly, and end-of-life impacts of the materials. Two 
scenarios were used for the end-of-life scenario. In the landfill scenario, all the materials are transported to 
the landfill. In the recycling scenario, a high percentage of materials are recycled while the rest are sent to 
the landfill. The study focuses on reducing waste and keeping materials in use for the longest time possible. 
Overall, two scenarios were studied and compared. The contribution of each material of the facade was 
studied, focusing on their construction processes. The table below shows the amount of each material used 
in the construction phase. 

 

Figure 15 Environmental contribution of each material from the demonstrator’s facade 

Furthermore, an impact assessment on the endpoint level of the contribution of each individual material was 
carried out. Endpoint indicators show the environmental impact at three higher aggregation levels, being the 
1) effect on human health, 2) biodiversity, and 3) resource scarcity. 

To estimate the impact of the whole life cycle of the developed facade, OpenLCA ReCiPe 2016 was used in 
order to create the following scenarios: 

• Developed Facade //Landfill waste 

• Developed Facade // Waste to recycling 

   

4.1.2  Results and conclusions 

The energy simulation shows that the application of the DRIVE 0 wall has a positive impact in terms of energy 
production on site due to the surface area of photovoltaic panels, covering 20% and 23% of the building’s 
needs in its current state and in its renovated state, respectively. 
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The DRIVE 0 interventions at the boundary wall, together with the conventional renovation approach applied 
to the rest of the building, achieves a 54% saving in energy demand for heating and cooling.  

From the environmental point of view, results indicate that the recycling scenario has smaller environmental 
impacts than the scenario in which the waste ends up in a landfill. Sending biodegradable waste to a landfill 
entails significant emission impacts (methane). To any extent, the best treatment for non-biodegradable 
materials is recycling. Furthermore, flammable materials (plastics) have large GHG emission implications 
when combusted. Recycling provides opportunities to reduce oil usage, carbon dioxide emissions, and the 
quantities of waste requiring disposal. Recycling plastic saves energy as it takes more energy to burn it in a 
landfill. Moreover, it contributes to reducing landfill volume as much as possible. The DRIVE 0 solutions 
developed for the Spanish pilot project is designed for disassembly, which is why a large percentage of its 
components can be recycled, but ideally remanufactured or reused.  

The entire analysis containing all calculations and graphs can be found in the Annex. 

 

4.2 Irish Demonstrator 

4.2.1 Description and Methodology 

Case Description 

The Irish case demonstrator is a pair of typical Irish semi-detached houses, constructed in the mid 1970’s and 
located in a small cluster of houses on the outskirts of a regional rural town. The original thermal performance 
of the construction was poor. It was constructed of masonry block cavity walls with a solid concrete ground 
floor, a timber first floor, and a cold-vented attic timber roof. The properties may have been heated by solid 
fuel open fires or stoves but were upgraded with central heating some time ago. More recently, as they came 
into local authority ownership, there were some thermal upgrades. However, the energy rating is poor, and 
the proposal is to provide a deep energy retrofit of the dwelling involving an advanced thermal upgrade to 
the envelope via circular modularised solutions, a small extension, upgraded space and water heating 
systems, and the provision of renewable energy. 

 

Figure 16 The Irish Case Study – two three-bedroom semidetached houses built around 1975 

Methodology 

An energy assessment of the DRIVE 0 Retrofit has been undertaken using the Irish national domestic energy 
assessment method and tool used for EPC’s and regulatory compliance assessments as prescribed under the 
EU EPBD (Energy Performance of Buildings Directive) and statutory building regulations, known as the DEAP 
(Dwelling Energy Assessment Procedure). 
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DEAP, being an asset rating tool, calculates the annual delivered energy for space heating, water heating, 
and associated ancillary electrical loads (pumps, fans, etc.) as well as lighting electricity but excludes 
appliances and cooking loads. It caters for renewable energy inputs and converts delivered energy to primary 
energy and carbon emissions based on particular factors for Ireland (e.g. for electricity, a PE factor of 2.08 
and a CO2 factor of 0.409 were used). 

This assessment was carried out in DEAP version 4.2 and in accordance with the related method guidance 
and conventions and was based on survey information provided by the building owner, Westmeath County 
Council, which included drawings, photographs, and some survey notes, all of which were collated during the 
Covid-19 lockdowns. 

Given the nature of the survey data and the limited site visits, and that the design is in progress without full 
specification of actual service products, some assumed and generic values have had to be conservatively 
used. The results presented are work in progress due to a one-year delay in securing a demonstration case 
and Covid-19 impacts. 

The key performance indicators being assessed are operational primary energy and carbon. 

4.2.2 Results and Conclusions 

Given the nature of the survey data and the limited site visits, and that the design is in progress without full 
specification of actual service products, some assumed and generic values have had to be conservatively 
used. The results presented are work in progress due to a one-year delay in securing a demonstration case 
and Covid-19 impacts.  

The following table and graphic present a summary of the DEAP energy assessment results for original to 
2015 pre-WCC ownership, 2020 results taking WCC conventional upgrades into account, a proposed 70% 
improvement target based on the average of the two dwellings (which have different specifications and 
energy use), and the proposed DRIVE 0 retrofit target of A3/A2. 

 

Table 2 DRIVE 0 Ireland Demonstrator Case Energy Assessment – Results Summary 

For the original as built specification, which would be thermally poor and systems inefficient, the overall 
energy rating for the original dwellings before WCC took ownership in 2015 would be 527 kWh/m2/yr for No. 
7 and 498 kWh/m2/yr for No. 8, averaging 512 BER G. 

Over the period from 2015 (when the properties were acquired by WCC) to 2020, each dwelling has had 
various and upgrades carried out by WCC, including energy-related upgrades as follows. These small 
extensions and minor upgrades would have improved the energy rating to 322 kWh/m2/yr BER E1. This would 
give an average energy rating performance for both dwellings of 215.5 kWh/m2/yr. 
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Given that these dwellings have had some retrofit upgrades already carried out over the years 2015 to 2020 
and the significant difference in energy performance between No 7 and No 8, the DRIVE 0 target for a 70% 
reduction has been taken from the average performance of 215.5 kWh/m2/yr, equating to an energy rating 
target of 65 kWh/m2/yr A3. Based on a combination of fabric measures (2D cladding panels, 3D pod 
extension, including window and door replacement) along with heating system upgrades, new ventilation 
control systems and renewable energy, the 70% average target of 65 kWh/m2/yr will be achieved and or 
exceeded as follows. 

- No 7 HP MVHR PV 34 KWh/m2/yr A2 
- No 8 i) HP MVHR PV 45 kWh/m2/yr A2 
- No 8 ii) Biomass DCMV SHW 100 kWh/m2/yr B2 plus PV 58 kWh/m2/yr B2 

 

 

Figure 17 Energy Rating Benchmarks and Targets Summary Graphic for DRIVE 0 Ireland Demonstrator Case  
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4.3 Italian Demonstrator 

4.3.1 Description and Methodology 

The Italian demonstrator in Argelato (Bologna) consists of a manor villa built in 1700, 
renovated in the early 1900s and reworked over the decades. Nowadays, its state is 
poor and damaged in terms of seismic safety, architectural and conservative quality as 
well as energy and mechanical performance. The residential complex has been 
abandoned for decades, and it should be thoroughly renovated to adapt the spaces to 

their current functions and make them safe, habitable, and comfortable again. The building is subjected to a 
historical-documentary constraint, and it is mandatory to preserve its typological-constructive 
characteristics. The typical rural architectural aspect of the manor villa makes this case study an exceptional 
example of territorial architecture, and the deep renovation of this protected patrimony through a holistic 
circular approach represents a great challenge. The manor villa will host a multi-user social residence for 
disadvantaged families and disabled people.  

The step 1 approach was based on the development of digital energy simulation. A simplified Life Cycle 
Assessment (LCA) and a simplified Life Cycle Cost (LCC) analyses were also carried out and, for purposes of 
brevity, they are included exclusively in Annex. The abovementioned analysis was carried out both for the 
current state and for different design scenarios, in order to select the best solution for the deep renovation 
of the building. The energy performance of the building was assessed through the development of analysis 
both in static and dynamic regimes. Thanks to the analysis of the increase in performance, in terms of thermal 
transmittance and energy consumption, for the different envelope solutions considered, it was possible to 
select the most suitable solution to be implemented for the deep renovation intervention. Due to the 
impossibility of carrying out a monitoring campaign for the current building, as it is abandoned, it was 
necessary to carry out energy simulations to determine the performance of the building in its current state. 
For this purpose, the dynamic calculation software DesignBuilder, a user interface of EnergyPlus, was used; 
this tool allows obtaining the behaviour of the building on a time basis, considering the accumulation and 
release of thermal energy. Two models have been developed for energy simulations of the state of the art: a 
first model in which the building is considered as such, i.e. abandoned and without installations; a second 
model in which the building is assumed to be a multi-family residential building, connected with the 
neighbouring service building (hayloft/barn), equipped with a radiator heating system and comprised of 
three levels for three different independent families. 

4.3.2 Results 

After comparing the parameters described in the Annex, a first selection was made to find the most suitable 
strategy for renovating the building through a tailor-made intervention based on materials selected for their 
performance, sustainability properties, and compatibility with the current state and the building owner’s 
requirements. A first selection was made, and some materials were discarded early: glass wool, PUR, EPS, 
and hemp fibre. The remaining five envelope solutions were investigated, and classified into external and 
internal cladding: 

EXTERNAL THERMAL LAYER (ETICS) (18 cm thickness) INNER THERMAL LAYER (12 cm thickness) 

o Mineral material: rock wool (RockWool panels); 
o Natural material: wood fibre (panels by 3therm) 

o Mineral material: Calcium Silicate Hydrate (Ytong Multipor blocks); 
o Natural material: cork (panels by Tecnosugheri); 
o Synthetic material: extruded polystyrene (XPS) (panels by Knauf). 

Table 3 Italian five envelope solutions 
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Once the semi-stationary properties of the different stratigraphies for the renovated external wall had been 
verified, the dynamic energy data of the villa was carried out with DesignBuilder and EnergyPlus, considering 
the same five solutions which differed in terms of insulating material. The following two graphs show the 
comparison between different solutions considered in terms of total dispersion of the building envelope in 
the winter period and the yearly CO2 production generated by the air conditioning system. Two optimal 
solutions are found: externally placed rock wool panels and internally placed Calcium Silicate Hydrate blocks. 

 

Figure 18 Comparison between the total dispersions in winter values and yearly CO2 production values for the different solutions 
selected for energy refurbishing the external walls 

The winter heat energy demand is a result of the semi-stationary calculation method previously described. 
The graph below shows the comparison of the heating demand in winter for the five different solutions. The 
summer cooling graph below shows the comparison between the daily hourly variations of the energy 
demand to cool the indoor environment of the villa with the different solutions. The behaviour reveals the 
better summer energy performance of the external insulation solutions, for which the use of rock wool or 
wood fibre panels seems equivalent. 

a) b) 

Figure 19 a) Graph representing the comparison between the winter heat demands of the different proposed insulation solutions; b) 
Graph representing the comparison between the summer energy demands of the different proposed insulation solutions. 

Based on the analysis conducted, due to its energy performance, the final design solution selected to be 
applied to all the building facades was the ETICS in rock wool panels (18 cm thickness). Following the semi-
stationary analysis, hourly dynamic simulations were carried out on a seasonal basis for the two best 
solutions identified. 

4.3.3 Conclusions 

The comparison between the design solutions and the data concerning the reference building was developed 
based on the energy objectives aimed at the: reduction of the energy consumption and related costs; 
reduction of the environmental impact; the improvement of the internal comfort. The following histogram 
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represents the winter heating demand, both as a dry figure, for quicker reading, and as a monthly trend with 
respect to the external dry bulb temperature. At the end of the analysis, the rock wool material that was 
externally applied was chosen.  

a) b) 

Figure 20 a) Graph representing the comparison between the heating demands in winter for the current state and the renovated 
state with ETICS in rock wool (15 October – 15 April); b) Graph representing the comparison between the CO2 production for the 

current state and the renovated state with ETICS in rock wool 

 PARAMETERS Current state ETICS in rock wool 

STATIONARY PERFORMANCE Thermal transmittance U [W/m2K] 1.640 0.174 

ENERGY CONSUMPTION 
Heating need [kWh/y] 58,378.57 16,544.00 

Heating need [kWh/m2 y] 116.76 33.09 

ENVIRONMENTAL IMPACT 
CO2 production [t/y] 25.10 10.75 

CO2 production [t/m2 y] 0.05 0.02 

Table 4 Comparison between the current state and the renovated with ETICS in rock wool in terms of energy consumption and CO2 
production after the development of the dynamic energy simulations 

Regarding the environmental impact calculated through the energy simulations developed with 
DesignBuilder, the CO2 production values refer to the annual CO2 emissions into the air, determined 
according to the demand of the building and the type and operation of the system. These values do not 
consider the single GWP of individual materials and components, which will be assessed as part of the LCA 
presented in Annex XX. The energy comfort results were obtained using DesignBuilder software, by keeping 
the metabolic rate fixed for each room according to the defined use. The graph represents an example 
evaluation of the PMV and PPD indexes, and monthly data on a yearly basis shows a general comfort trend.  

  

Figure 21 a) Graph representing comparison between PMV comfort index trends for the current state and the renovated state with 
ETICS in rock wool; b) Graph representing comparison between PPD comfort index trends for the current state and the renovated 

state with ETICS in rock wool 

The entire analysis containing all calculations and graphs can be found in the Annex. 
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4.4 Estonian Demonstrator 

4.4.1 Hygrothermal measurements Description and Results 

Description and Methodology 

In the process of a deep energy renovation, the AAC large panel external walls will be insulated with 
prefabricated insulation elements (see Error! Reference source not found., left). The structure of the p
refabricated additional thermal insulation element is based on timber frames (c/c 600 mm) with 195 mm of 
mineral wool (MW) insulation (see Error! Reference source not found., left, layer 4), where air and vapor t
ightness from the inner side is guaranteed with an air and vapor barrier membrane (see Error! Reference 
source not found., left, layer 5) and covered with a wind barrier layer (see Error! Reference source not 
found., left, layer 3) from the outer side. 

 

 

Figure 22 Horizontal section (left) and vertical section (right) of the AAC external wall with mock-up element 

The performance of the most common boards on the local market for wind barrier boards was compared 
(MW board with special facing, fibre cement board, gypsum board without paper). The fibre cement board 
was selected as the first choice for a wind barrier because of its rigidity and the high fire resistance class (A2, 
s1 d0) required for apartment building facades. A ventilated air gap (see Error! Reference source not found., l
eft, layer 2) with vertical timber battens 28×70 mm contributes to the drying-out of built-in moisture. Facade 
boarding ensures the weatherproof protection of envelope structures (see Error! Reference source not f
ound., left, layer 1). To minimize convection between the structures and fill the gap between the uneven 
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original wall surface and the prefabricated timber frame insulation element, a mineral wool layer is foreseen 
on the backside of the prefabricated elements (see Error! Reference source not found., left, layer 6).  

In Error! Reference source not found. shows the locations of the analysed critical points (P3 to P7) of the c
ase-study building where temperature (t), relative humidity (RH), and heat flux (q) were measured and 
analysed. To analyse the hygrothermal performance of the external walls, simulations with the software 
Delphin were conducted.  

Results 

The mold growth risk of an externally insulated AAC wall with different wind barriers and installation seasons 
(i.e., with different initial moisture content) is shown in Error! Reference source not found.. 

 

Analysed 
point 

Installation season of prefabricated insulation elements 
Autumn-Winter Spring Summer 

Sd of vapor 
barrier (m) 

0 0.2 − 5 ≥50 0 0.2 − 5 ≥50 0 0.2 − 5 ≥50 

Wind barrier – mineral wool board w/special facing 30 mm 
P3 MR MR MR MR MR MR MR MR MR 

P4 S MR MR S MR MR S MR MR 

P5 MR MR MR MR MR MR MR MR MR 

P6 MR MR MR MR MR MR MR MR MR 

P7 S S S S S S S S S 

Wind barrier – fibre cement board 9 mm 
P3 MR MR MR MR MR MR MR MR MR 

P4 S MR MR S MR MR S MR MR 

P5 MR MR MR MR MR MR MR MR MR 

P6 MR MR MR MR MR MR MR MR MR 

P7 S S S S S S S S S 

Wind barrier – gypsum board without paper surface 9 mm 
P3 MR MR MR MR MR MR MR MR MR 

P4 S MR MR S MR MR S MR MR 

P5 MR MR MR MR MR MR MR MR MR 

P6 MR MR MR MR MR MR MR MR MR 

P7 S S S S S S S S S 

Wind barrier – oriented strand board (OSB) 12 mm 
P3 MR MR MR MR MR MR MR MR MR 

P4 S MR MR S MR MR S MR MR 

P5 MR MR MR MR MR MR MR MR MR 

P6 S S S S S S S S S 
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P7 S S S S S S S S S 

Table 5 The risk of mold growth index M) of an externally insulated AAC wall with different wind barriers and installation seasons 
(i.e., different initial moisture content). 

In Error! Reference source not found., the risk of mold formation is categorized by colour: 

• Green – no risk of mold growth, M < 1; 

• Yellow – minor mold growth risk, 1 ≤ M < 2; 

• Red – high mold growth risk, M ≥ 2. 

Mold growth sensitivity classes for each point are marked according to the mold growth model: 

• MR (‘medium resistant’): mineral wool, fibre cement board, gypsum board without paper; 

• S (‘sensitive’): planed (processed) wood, OSB, gypsum board with paper. 

The results confirm that, because of its high thermal resistance and vapor permeability from the point of 
hygrothermal performance, the best solution is an MW wind barrier. The fibre cement board wind barrier 
could be an option, but its vapor permeability should be controlled each time because there could be other 
vapor-tight fibre cement products on the market. The use of gypsum board (without paper surface) could 
also be considered by analysing the weather forecast (rain), installation season, and moisture content of the 
original wall. 

Using a vapor-tight air barrier in a cold climate does not cause hygrothermal risks in continuously heated 
residential buildings. But the vapor-tight air barrier prevents the drying out of the initial moisture from the 
original wall. Therefore, the air and vapor barrier/control layer with varying water vapor resistance is 
suggested. 

More detailed results of measurements and simulations of the mock-up wall are given in research papers1,2 

 

4.4.2 Energy measurements – Methodology and Results 

Description and Methodology 

Before the renovation, the Energy Performance Certificate based on measured energy use was class D. 
Measured energy consumption for space heating, domestic hot water and electricity is shown in Error! R
eference source not found.. 

EPC (before), kWh/(m2a) 
Delivered 

energy 
Weighting 

factors 
Primary 
energy 

Heating + ventilation 151 0.65 98 

Hot water 16 0.65 10 

Electricity 32 2 65 

 199  173 

    

 
1 Pihelo, P.; Kuusk, K.; Kalamees, T. (2020). Development and Performance Assessment of Prefabricated Insulation Elements for Deep Energy 

Renovation of Apartment Buildings. Energies, 13 (7), 1709. DOI: 10.3390/en13071709. 

2 Pihelo, P.; Kalamees, T. (2020). Development of prefabricated insulation elements for buildings with aerated autoclaved concrete walls. E3S Web of 

Conferences: 12th Nordic Symposium on Building Physics (NSB 2020), 172: 12th Nordic Symposium on Building Physics NSB2020. Ed. J. Kurnitski and 

T. Kalamees. Tallinn, Estonia, September 6-9, 2020: EDP Sciences, 18001. DOI: 10.1051/e3sconf/202017218001. 
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Table 6 Delivered and primary energy consumption before the renovation 

The heat source for the pilot building (space heating and domestic hot water) is the district heating network 
that uses wood chips as the primary fuel source. The weighting factor for environmentally friendly district 
heating is 0.65. The weighting factor for electricity is 2.0. 

The renovation aimed to achieve the nZEB energy efficiency level (EPC class A, EPC value ≤105 kWh/m2a), 
which is required for the new buildings. The minimum energy efficiency requirement for the major 
renovation is to achieve EPC class C. The energy simulations were performed with IDA Indoor Climate and 
Energy (IDA ICE) software. 
 
Results and Conclusions 

The energy calculations results are shown in Error! Reference source not found.. 

EPC (after), kWh/(m2a) 
Delivered 

energy 
Weighting 

factors 
Primary 
energy 

Heating + ventilation 41 0,65 27 

Hot water 33 0,65 21 

Electricity 36 2 72 

PV production -11 2 -22 

 99  97 
Table 7 Delivered and primary energy consumption after the renovation. 

Energy calculations showed that the thermal transmittance of the external wall should be ~0.15 W/(m2K) to 
achieve the nZEB energy efficiency level (EPC class A). 

Delivered energy saving for the space heating is 72% and for the electricity (with PV production) is 22%. 
Domestic hot water is higher after the renovation because energy calculations are conducted using the 
building's standard use: indoor temperature, ventilation airflow rates, domestic hot water use, lighting, 
appliances, etc. 

 

Figure 23 Delivered and primary energy use before and after the renovation. 
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Annual emissions from operational energy use decreased by 66%. 

Operational energy and emissions, 
tCO2/a 

Before 
renovation 

After 
renovation 

Heat 44 20 

Electricity 39 30 

 83 28 
Table 8 Emissions from operational energy use before and after the renovation. 

The emission factor for district heating is 0.15 tCO2/MWh, and for electricity is 0.68 tCO2/MWh. 

The entire analysis containing all calculations and graphs can be found in the Annex. 

 

4.5 Slovenian Demonstrator 

4.5.1 Description and methodology 

Three single family houses with masonry walls, which represent most of the Slovenian building stock, are 
going to be retrofitted using circular solutions: 

 

 Case a: Family house of 208 m2 useful area, location Unec. The original external walls 
were made of stone and brick masonry and were constructed around 1900. The unit 
has an energy label of G. 

Case b: Family house with a net heated area of 198m2, located near Radovljica, was constructed in 1968 with 
two annexes built later. Different walls are made of different materials. The unit has an 
energy label of F. 

 

Case c: Family house with a net heated area of 246m2, located near Škofja Loka, built 
in 1983. Walls above ground are made of aerated concrete blocks. The unit has an 
energy label of E. 

 

Solutions chosen: 

Case a:  

a. Installation of ETICS above ground are made of aerated concrete for external walls 
b. Installation of glass mineral wool between and under pitched roof rafters (2x 16cm 

thickness).  
c. Installation of 10cm rock mineral wool thermal insulation on the floor of first floor  
d. Installation of heat pump (type to be decided)  
e. Installation of new windows. 
f. Installation of 20cm XPS thermal insulation on the ground and building new ground floor 

concrete slab on top of it. 
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Case b:  

a. Installation of ETICS on the ground and building new ground floor with concrete 
b. Installation of blown mineral wool insulation on loft (30-50cm) and roof (between & under 

rafters, 20cm)  
c. Installation of ceiling rock mineral wool lamellas (5 cm thickness on the basement ceiling) 
d. Installation of new triple glazed windows and insulated doors (U=0,74 W/mK) 
e. Installation of heat pump Hitachi RAS-4WHNPE (AIR-WATER) 
f. Replacement of old non-LED lights (40-60 W/piece) by energy efficient LED lights (8-15 

W/piece + installation of additional lights in basement and LED-tapes around the house) 
g. Wall installation of 9 pieces of local mechanical ventilation devices (with up to 88% energy 

efficiency)  
h. Installation of 2 pieces of pitched roof skylights (Velux) for more natural light 

Case c:  

a. Installation of external wall ETICS faskylights (Velux) for more natural light Installation of 
glass mineral wool on loft and partly pitched roof surfaces (26cm thickness).  

b. Installation of ceiling rock mineral wool 8 cm on the basement ceiling  
c. Installation of new windows (triple glazing) and doors 
d. Wall installation of local mechanical ventilation devices (type to be defined) 
e. Introducing of LED lighting step by step all over the house 

 

All houses are in a heating-dominated climate. For all the three cases energy efficiency (Energy demand for 
heating, Total final energy need, primary energy need, renewable energy), and operating carbon (yearly CO2 
emissions) were estimated with the use of simulations. These simulations were performed according to a 
methodology commonly used in Slovenia using the KI Energija 2017 software. This software is also used as 
official software for calculating Slovenian building energy performance certificates. Photovoltaic simulations 
(expected annual/monthly PV electricity production) were done using the online calculation tool PVSOL and 
indoor daylight simulations (daylight factor) and for case B it was done with VELUX Daylight Visualizer 
software.  

First, the current status of each building was calculated and used as a baseline. Then the sensitivity analysis 
was performed by individually simulating abovementioned measures. Finally, all the measures together were 
simulated. The energy simulations included a certain number of assumptions (e.g. airtightness, installation 
pipe lengths, user presence, ventilation rates).  

 

4.5.2 Results 

Case a 

Results are difficult to compare directly since we have different heated area characteristics. Before the 
renovation only the ground floor was heated, since the first floor was meant for hay storage and some 
equipment storage. Through the renovation the first floor will also become heated living space and the 
heating system will change completely.  

The implementation of passive insulation measures and a heat pump will lead to a fairly energy efficient 
building. The installation of local mechanical ventilation units (or central mechanical ventilation system) with 
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high heat recuperation efficiency is necessary to reach at least Slovenia B2 energy class. This approach would 
theoretically slash heating energy consumption in half, as well as primary energy demand and annual CO2 

emissions by 26%. 

 

Table 9 Case a results comparison of retrofit measures 

The roof has a perfect potential for PV since half of the roof has an approx. 37° inclination facing south. With 
5,525 kWp (17x 325 Wp) of the installed modules, a total annual PV energy production (6903 kWh) would 
theoretically cover the yearly basic house needs (6500W = HVAC + lighting, without electrical home 
appliances). With such a PV installation we would theoretically annually avoid 3693 kg of CO₂ emissions due 
to electricity produced by the sun (0,353 kgCO2/kWh).  

 

Figure 24 Annual PV energy production in relation with the consumption 

Case b 

Simulation of contributions of different measures (described under “solutions chosen”) on main energy 
performance building characteristics: 
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Figure 25 a) Annual primary energy need and b) annual CO2 emissions 

The existing central heating system is powered by furnace which can run on wood (logs) or oil. The use of an 
11kW heat pump instead of a biomass burner would theoretically offset all other measures' reductions in 
primary energy consumption and even raise initial CO2 emissions by 52% owing to the electrical energy mix. 
However, as compared to an oil-fired furnace, heat pumps have a significant benefit. 

Facade insulation is by far the most efficient measure to reduce the energy consumption. Increasing the 
thickness of the facade’s insulation to 20 cm would bring an additional 2% reduction in final energy needs, 
but there is concern about limiting the natural light. Additional natural light analysis was carried out to assess 
this concern. 

 

Figure 26 Daylight factor comparisons in relation to thickness of external wall and glazing 

Since existing external walls are already quite thick, an additional ETICS system causes a noticeable reduction 
in the average indoor daylight factor. Going from 16 to 20 cm of facade insulation results in a 2% deterioration 
of the outcome, but it also leads to a 2% decrease in ultimate energy consumption. Because the available 
roof space on the SE side is only about 30m2, we simulated the installation of 18 pieces of 325 Wp 
monocrystalline PV modules. The total yearly PV energy output (6715 kWh) would theoretically fulfil the 
basic housing demands (6300W), but in practice, only 30% could be directly used on-site for building 
operation in real time, with the remainder going to the grid or being stored for later use. 
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.  

Figure 27 Annual PV energy production in relation with the consumption 

The use of PV would "save" 3593 kg CO2 emissions per year on paper. After combining all retrofit measures 
(including the heat pump), the total yearly CO2 emissions would be 3249 kg, implying that the operating 
carbon should be covered (negated). 

Case c 

A simulation of the contributions of different measures (described under “solutions chosen”) to the main 
energy performance building characteristics is displayed in figure 28. 

 

Figure 28 a) Annual primary energy need and b) annual CO2 emissions 

 

While keeping the existing biomass powered furnace, all insulation measures, with added local ventilation 
devices and LED lighting, would theoretically reduce energy demand for heating by 78%, final energy need 
by 66%, primary energy need by 50% and CO2 emissions by 42%.  

4.5.3 Conclusions 

In their current state, all three houses have very high energy demands, dominated by the heating of spaces. 
All of them have uninsulated external walls and often an uninsulated ground floor/basement ceiling slab. 
Case b and c already have well insulated loft/roof, so replacement or small addition of new insulation shows 
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relatively small savings on this measure. According to interviews with users and calculations, overheating has 
not been a notable problem so far.  

In all three cases, facade insulation is by far the most efficient measure to cut energy consumption. According 
to calculations, the second most efficient measure was the installation of local ventilation units with highly 
efficient heat recuperation. The advantages and thus energy and CO2 savings of this measure are expected 
to be lower than calculated.  

Interestingly, all three houses use wood as their main heating source, which is quite representative for the 
Slovenian countryside, however the use of oil is still practiced. There is also a rapidly rising popularity of heat 
pumps.  

The entire analysis containing all calculations and graphs can be found in the Annex. 

 

4.6 Greek Demonstrators 

4.6.1 Description and Methodology 

In this paragraph a brief description, providing information for the general features as well as the renovation 
solutions chosen to be installed, of the two Greek demonstrators is presented. The methodology used for 
assessing these solutions is presented as well.  

Case a: Residential apartment of 108.3 m2, located on the 1st (top) floor of a building 
constructed in 1971. The unit has an energy label D. The solutions chosen for this case 
include the installation of PV cells on the roof (size: 25-30m2) and the installation of a 
heat pump. 

Case b: Residential, detached house of 109.0 m2, located in the Attica region constructed 
in 1989. The unit has an energy label D. In case b, the solutions concern the building’s 
envelope insulation. More specifically, the installation of an integrated thermal insulation 
system (10 cm KNAUF stone wool FKD-S Thermal (recyclable material) for the external 
walls and the installation of an integrated thermal insulation system (KNAUF Supafil 

unbonded, virgin glass blowing insulation) on the roof. At this point, it is important to underline the circularity 
of the materials used; the material used for the external walls is a recyclable one, while the virgin blowing 
wool is manufactured using up to 80% recycled glass. 

In both cases, for the evaluation of the suggested solutions and the performance of the systems, EnergyPlus 
and Simapro8.0 software were used, for estimating energy savings, CO2 reduction and estimating the 
environmental performance of overall the building materials used.  

Regarding the energy simulations a two-step methodology was followed. Firstly, an overview of the energy 
status of the building, in terms of primary energy need and final energy need for end-users, normalized for 
net conditioned building area, was carried out. After this step, the same procedure of calculations was carried 
out, considering also, the selected measures to be applied in the demonstrator. The value of electric 
efficiency conversion system (including renewable energy sources) of Greece is set equal to 0.418. The 
environmental information is expressed in terms of CO2 emissions. The electricity conversion factor for 
Greece is set equal to 0.727kg CO2/kWh, while the conversion factor for the oil is 0.316 kg CO2/ kWh. 

The environmental impacts of the materials used for the construction and demolition of the case study house 
are estimated using an LCA tool (Simapro Software), to identify the materials with the highest environmental 
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impacts. A ‘cradle to grave’ approach was used, including extraction, transformation, transport, assembly, 
disassembly, and end of life of the materials. A further two scenarios were studied to estimate the 
environmental performance of a house, one being the construction with conventional building materials 
where they will either end up in landfill or are recycled. 

4.6.2 Results  

Case a 

The energy renovation that will take place within the DRIVE 0 project for this specific case study, consists of 
the installation of plants powered by renewable sources (photovoltaic panels). Three scenarios were 
considered Being the use of 8, 16, and 25 m2 of PVs. The simulation results are presented below, initially in 
energy terms and then in CO2 savings.  

 

 

 

Figure 29 Primary Energy needs- CO2 emissions -electricity needs and generation 

With the use of at least 25 m2 the reduction of 99% of both Primary energy as well as of CO2 emissions is 
achieved, (see Table below).  

 

 

 

Table 10 % Reduction of primary energy and CO2 emission 

156.47

105.12

55.40

1.04
0

20

40

60

80

100

120

140

160

180

P
ri

m
ar

y 
en

er
gy

 [
kW

h
/m

2
]

State of fact PV_8m2

PV_16m2 PV_25m2

48.82

33.30

18.22

0.33

0

10

20

30

40

50

60
C

O
2

 E
m

is
si

o
n

 [k
g/

m
2

]
CO2 Emissions

State of fact PV_8m2
PV_16m2 PV_25m2



   
 
 

H2020 DRIVE 0_841850_WP6_Task 6.3     42 
 
 

Figure 29 shows the electricity demand of the whole insulation case, called INS_TOT, and the electricity 
production of the two PV scenarios, called PV_8 and PV_16, showing the surplus of energy that is estimated 
to be produced and returned to the grid. 

Case b  

The DRIVE 0 intervention include the application of a circular thermal insulation material on the outer side 
of both walls and roof, to reduce the thermal load required by the building. The following graphs present the 
comparison in Primary energy and CO2 emissions between the state of fact and three insulation cases, a. 
insulation of external walls, b. insulation of the roof, c. insulation of both walls and roof, (Figures 30) clearly 
proving the benefits of full (walls and roof) insulation.  

 

 

Figure 30 Comparison of the total primary energy need and CO2 emissions 

The results from the LCA of the construction materials showed that the material with the highest 
environmental impact is clay brick followed by aluminium and concrete blocks. The following figure shows 
the environmental contribution to the overall performance of each building material, during the construction 
phase.  

 

Figure 31 Environmental contribution of each material for the construction of the case study building (conventional house) 
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Having addressed the extent of the damage to the environment from the usage of conventional materials, it 
is essential for a circular house construction scenario to be investigated. The figure 109 presents the impact 
assessment of the 2 investigated scenarios: Conventional House/Landfill, the conventional building materials 
that are used in construction and that end up in landfill after demolition. And the Conventional House / 
Recycle, the conventional building materials that are used in construction and that end up in recycle after 
demolition.  

 

 

 

 

 

 

 

 

 

 

 

Figure 32 Impact assessment for the 2 investigated scenarios after weighting indicators per impact category 

In all environmental categories, the circularity processes (of recycling building materials upon usage) has the 
least environmental impacts. It is observed that landfill disposal of building materials leads to higher impacts 
on climate change for humans, human toxicity, climate change for the ecosystem, metal, and fossil fuel 
depletion. 

4.6.3 Conclusions 

For case a, the energy simulation results showed that in all 3 sizes of the selected PVs, the energy produced 
is enough to cover the building’s electricity need. The excess quantity (395 kWh/y for 8m2 PV, 2526 kWh/y 
for 16 m2 PV, and 4963 kWh/y for 25m2 PV) (see Table below) will be exported to the national grid. With the 
installation of PV systems, the simulation results showed that the electricity generation is equal to 2164 
kWh/year in the case of 8 m2 of PVs were installed and 4295 kWh/year in case of 16 m2 of PVs were installed, 
and for the case of 25 m2 6732 kWh/year are produced, leading this scenario as the best in terms of 
environmental benefits for this demonstrator.  

 

Table 11 Electricity produced, and energy surplus by photovoltaic for the three cases 

 

Energy 

surplus

Photovoltaic 

generation

[kWh/y] [kWh/y]

8 m
2 395 2164

16 m2 2526 4295

25 m2 4963 6732
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For case b the simulation results show a clear decrease in both primary energy needs and CO2 emissions. In 
particular, the application of the thermal insulation on the whole building envelope results to primary energy 
savings of about 22% and CO2 emissions reduction of 23% (Table 12). Making this scenario the most suitable 
and environmentally friendly for this demonstrator.  

Cases 
Total primary energy CO2 Emission 

Percentage decrease compared to the state 
of fact 

[kWh/m2y] [kg/m2y] [%] 

State of fact 357.2 111.5 Primary energy CO2 Emission 

External walls insulation 321.6 100.3 10.0 10.0 

Sloping roof insulation 319.0 99.5 10.7 10.8 

Roof and external walls insulation 277.1 86.3 22.4 22.6 

Table 12 Primary energy need and CO2 emissions 

Regarding the LCA results the highest environmental impacts are found in clay bricks, followed, in order, by 
aluminium, concrete blocks, ceramic tiles while the rest of the materials have much lower environmental 
impacts. From all the analysis, it is shown that in all impact categories, the conventional building materials 
have much higher environmental impacts than the circular building materials, highly recommending the use 
of circular materials in the construction industry. Circular materials also significantly decrease the impacts in 
the following environmental categories, fossil fuel depletion, climate change impacts, particulate matter 
formulation, metal depletion and human toxicity. A huge reduction in the fossil depletion for the construction 
of the house is noted and can be explained from the fact that recycled materials only need 30% the energy 
for their transformation and production in comparison to the conventional materials.  

Therefore, the emerging need for circularity in the building industry is crucial and highly advisable, also from 
an LCA perspective. The entire analysis containing all calculations and graphs can be found in the Annex. 
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5 Feedback between WP2 and WP3 and Further product improvement 

 LOCATION Renovation products 
and concepts as 

elaborated in WP2 and 
WP3 

Picture of the 
products 

Feedback loops for further product 
improvement 

1 Netherlands not yet applicable not yet applicable not yet applicable 

2 Barcelona, 
Catalonia, Spain 

• BIPV local energy 
production, local 
products 

• Smart green wall, 
decreased water 
usage 

• Cladding: urban 
mining (plan) 

Thermal insulation, 
high recycled content 

 

 

 

BIPV: optimized size and DfD connections 
 
 
Smart green wall: maintenance strategies 
 
 
Discover more options for urban mining 
 
Recovery schemes  

3 Ireland – 
Midlands, 
Athlone  

Circular insulation 
materials - Insulations  
 
 
 
 
 
Circular construction - 
2D wall panel 
manufacturing 
 
 
 
Windows and Doors 
(aluclad) 
 
 
 
 
Heat Pumps  
Air to water high 
efficiency heat pump  
 
 
 
 
MVHR  
 
 
 
PV  

 

 
 

 
 

 
 

 
 

 

 

Soprema, Steico - Woodfibre insulation 
Knauf – mineral wool insulation 
Suggest the products require local 
manufacture and suppliers to enhance 
availability. Also suggest replacing mineral 
wool with fully bio-based product.  
 
In reviewing the manufacture of these 
panels, this is a completely new technology.  
Simplification and standardising fixing & 
connections. Consider changing finish 
materials to dry type finish such as timber 
cladding.  
 
Aluclad windows are a significant step up in 
circularity in terms of materiality and life 
expectancy. Typical specification is uPVC.  
Consider fixing for DfD. Also, to consider 
improvement to frame to facilitate 
replacement of parts.  
 
Simplification and maintenance reduction 
Exchangeability of parts – plug and play  
Material reduction. Alternative – biobased 
materials.  
 
 
Simplification and maintenance reduction 
Exchangeability of parts – plug and play  
Material reduction. Alternative – biobased 
materials. -ducting  
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4 Argelato 
(Bologna), 
Emilia 
Romagna, Italy 

• Prefab “Multibox” 
roofing system: 2D 
prefab panels with a 
structural wooden 
frame and different 
wooden thermal 
insulating layers.  
 

• Plug &play “ALIVA 
system” for the two 
North and West 
oriented facades. 

 
 
 
 
 
 
 

• “MIMIK system” for 
the new windows 
frames (called 
“monoblocchi”). 
 
 
 
 

• BIPVs panels 
 

 

 
 

 

 
 

 

 
 

 

• This construction system represents a 
circular, modular and customizable 
product that allows the integration of roof 
and false ceiling into a single module.  

 
 
 

• This facade system consists of 2D plug 
&play prefab panels with a structural 
aluminium frame, filled in with two layers 
of high density (internal) and low density 
rockwool (external) for a total thickness of 
20 cm (equal to that of the ETICS panel 
which will be adopted for the energy 
retrofit for the other two facades South 
and East oriented). 
 
 

• These prefab components integrate the 
thermal insulated windows frames with 
the window shading systems (called 
“scuri”). 

 
 
 

• The red ceramic coloured PV panels are 
installed on the South oriented portion of 
the roof and are integrated within the 
pitch covered by the traditional ceramic 
tiles. 

 

5 Estonia • circular insulation 
materials  
 
 

• Renewable system, 
PV panels  
 

• Heating system – 
under circular usage 
method 

 

 

Mineral and cellulose wool: further circular 
product development  
 
PV panels: circularity potential on system’s 
parts  
 
Heating system: reusability of pipes and 
radiators in the entire building 
 
Building materials in the circular renovation 
process for advanced environmental 
benefits (roofing materials, concrete, etc) 

6 Slovenia 
 

• circular insulation 
materials 
 

• Heat pump system 
with circularity 
potential 

 

• Local ventilation 
devices with heat 
recuperation and 
circularity potential 

 

 

 

Insulation: systematic recycling and 
exploration of reuse options 
 
Heat pump: reusability/refurbishment of 
elements. Ventilation devices: 
reusability/refurbishment of elements 
 
Building materials in the circular renovation 
process for advanced environmental 
benefits 
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5.1 Dutch pilots feedback loops 

WP6 relates to other Tasks of the project. For the Dutch pilot, the building envelope will be retrofitted by 
installing 2D panels (T2.3) with plug-and-play interfaces (T2.6). In front of the facade the HVAC ‘engine’ (T2.5) 
will be installed in combination with add-on PV panels on the roof. Taken together, the retrofit centres 
around the application of modular product systems to its full potential. Because the dwellings are relatively 
spacious 3D extensions, modules will not be applied (T2.4). The dwellings remain occupied during the retrofit 
and the interior will not be part of the project. The project aims to limit on-site construction activities and 
especially the work which need to be conducted within the dwellings. To this end a step-by-step project plan 
will be developed, to arrive at an energy-zero retrofit applying modular and circular deep-renovation 
technologies. In the figure below the interconnection of WP6 to other WPs and Tasks is presented. 

 

Figure 33 Schematic of Dutch Demonstration Case and WP Task inter-relationship 

 

7 Greece • circular insulation 
materials 
(facade insulation 
element -ETICS with 
FKD-S Thermal RMW, 
Loft Insulation – 
SUPAFIL) 
 

• PV panels with 
circularity potential 
(PV cycle association) 
 

• Heat pump system 
with circularity 
potential 

 

 

Insulation: Further circular product 
development  

PV panels: circularity potential on system’s 
parts that can be reached in the future 
market 

 

Heat pump: reusability of pipes  

Building materials in the circular renovation 
process for advanced environmental 
benefits 
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5.2 Spanish pilot feedback loops 

For the Spanish pilot there are some feedback loops between this work and other Tasks and WPs of the DRIVE 
0 project. The actions taken during the design process for developing the solutions in relation to the other 
DRIVE 0 tasks are listed below: 

• Pre retrofit monitoring (T4.2) – Preparations 

• Surveys from the owners (T4.3) – Indicates the needs of the owners (window, PV investment) 

• Decision making (T2.1, T2.2, T3.1) – Identifies the best real solutions (solutions in the market) 

• Implemented Solutions (T2.3, T3.2) – Specifies the solutions  

• Environmental and energy simulations (T6.2) – Validates the solutions. 
In the figure below the interconnection of WP6 to other WPs and Tasks is presented. 

 

 

Figure 34 Schematic of Spanish Demonstration Case and WP Task inter-relationship 

 

5.3 Irish pilot feedback loops 

The Irish demonstration case has developed with input and reference to a range of work packages and tasks, 
notably. In tasks 2.1 and 2.2, we undertook a review of the available bio-based materials in Ireland which 
have been proposed and refined during detail design development in relation to availability, cost, and 
specification. These materials formed part of assessments in other WP2 tasks and in WP6 benchmarking 
tasks. 

In tasks 2.3 and 2.3 the team undertook design development of the 2D wall panel and a 3D extension pod 
with reference to 2.6 smart detailing as well as the 6.3 development of the mock-up design pilot, which is 
now underway.  

The main activity and influence of WP3 has been task 3.3 holistic concept developments, which we undertook 
while searching for a specific case building on the knowledge of the typology we were seeking. This leads to 
having early design concepts for consideration – especially in relation to 3D extension types and concepts.  
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A detailed hard and soft monitoring action plan was developed under WP4, including owner and user 
engagement / surveys. An advanced monitoring task is now underway in Task 6.5 but is hampered in one of 
the demonstrators due to the condition of existing wiring and safety issues.  

WP6 is a major focus for the Irish team, with task 6.3 currently in progress in tandem with a detailed DfD 
assessment study, which will feed into advanced design and detailing in task 6.4 – design and build of the 
actual demonstrator, following which we will return to renewed monitoring actions.  

Throughout the project, we have sought opportunities to disseminate the project and findings both within 
the university and nationally via conference engagements under WP7.  

 

Figure 35 Schematic of Irish Demonstration Case and WP Task inter-relationship 

 

5.4 Italian pilot feedback loops 

The actions taken during the design process for developing the solutions in relation to the other DRIVE 0 
tasks are listed below: 

• Decision making (T2.1, T2.2, T3.1) - Selects the most efficient solutions on the market, compatible 
with the constraints of the protected historic building 

• Feasibility study (T2.4) - Supports the Technical and legislative framework for renovation 
interventions (with regards to volumetric additions) 

• Simplified method for assessing the level of circularity (T2.4) – Allows to evaluate the circular level 
of building depending on the different design solutions 

• LCC and EE+EC analysis (T3.3) – Compares different solutions for the energy refurbishment of the 
building envelope and selects the most circular ones 

• Analysis of barriers for the development of a CBM in Italy (T5.1) – Helps understand how to promote 
a circular approach to the renovation process among key decision makers involved 
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• Benchmarking on circularity and Material Passport preparation (T6.1) – Allows to numerically rates 
the level of circularity of the current state 

• Environmental and energy simulations (T6.2) – Supports the design project and validates the final 
technical solutions. 

In the figure below the interconnection of WP6 to other WPs and Tasks is presented. 

 

 

Figure 36 Feedback loops and interconnection between WPs for the Italian pilot 

 

5.5 Estonian pilot feedback loops 

In the Estonian pilot demonstrator, the products and concepts that have been assessed with the step-1 
approach, and with mock-up and simulation methods, have been elaborated also in WP2 and WP3 (Task 3.3). 
Through the testing campaigns the final decision of the optimum system to be used in these pilots have been 
taken and while cost analysis will follow, the final implementation of the products and systems will be 
presented in step-2 Task 6.4 and Del. 6.4. 

With the step-1 assessment included in this Report, decision-making process including market investigation, 
meetings with stakeholders, discussion with engineers, technicians etc. further suggestions and 
considerations towards circularity, for the products and systems can be proposed. This includes insulation 
materials and building materials that can be fully circular, with advanced environmental benefits. 
Furthermore, reusage of existing piping systems, including in some case radiators, as well as reusable parts 
for the PV installation can be further development in the Estonian market for product improvement towards 
circularity. In the figure below the interconnection of WP6 to other WPs and Tasks is presented. 
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Figure 37 Feedback loops and interconnection between WPs for the Estonian pilots 

5.6 Slovenian pilot feedback loops 

Simulations have shown important and optimum insulation measures and mechanical systems to be used in 
these pilots. The design concept has been studied also in WP2 and WP3. Cost analysis will follow, and the 
final implementation of the products and systems will be presented in step-2 Task 6.4 and Del. 6.4. 

With step-1 assessment, included in this report, many meetings with investors, installers, and distributors 
have been held to assess energy efficiency and circularity principles. As a mineral wool producer, we will take 
care of any mineral wool cut-offs and old mineral wool from those demo sites and recycle them. We are 
raising awareness of the circularity potential of any building materials, which can be extracted from those 
sites.  

 

Figure 38 Feedback loops and interconnection between WPs for the Slovenian pilots 
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5.7 Greek pilot feedback loops 

In the Greek demonstrators the products and concepts that have been assessed through the step-1 approach, 
and with simulation methods, have been elaborated also in WP2 and WP3 (Task 3.3). Through simulations 
the final decision of the optimum system to be used in these pilots have been taken and while cost analysis 
will follow, the final implementation of the products and systems will be presented in step-2 Task 6.4 and 
Del. 6.4. 

With the step-1 assessment included in this Report, as well as NKUA and SALFO’s decision-making process 
including market investigation, meetings with stakeholders, discussion with engineers, technicians etc. 
further suggestions and considerations towards circularity, for the products and systems can be proposed. 
This includes insulation materials and building materials that can be fully circular, with advanced 
environmental benefits. The LCA results presented showed high environmental benefits with the use of 
recycled building materials in the renovations as well as in the construction of a typical Greek typology 
building. Furthermore, reusage of existing piping systems in some case radiators, as well as reusable parts 
for the PV installation can be further development in the Greek market for product improvement towards 
circularity.  

In the figure below the interconnection of WP6 to other WPs and Tasks is presented. 

 

 

Figure 39 Feedback loops and interconnection between WPs for the Greek pilots 
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6 Conclusions 

The main objective of this report was to collect and assess all selected circular solutions that will be tested in 
each demonstrator. Information regarding the proposed solutions as well as their efficiency was presented 
for each case study. More specifically, for each demonstrator, one or more different testing campaigns were 
held to investigate the circularity but also the energy efficiency of the renovation solutions. 

The objectives of Task 6.3 were overall achieved and reported in this deliverable, by defining the different 
testing campaigns that can be used for the assessment of a solution, but also by providing valuable 
information about the circularity and efficiency of the different renovation solutions. Furthermore, the report 
offered information about the next steps since if the results of this test prove sufficient, then a larger 
installation will be held. 

Finally, in this report, the interconnection between the WPs is becoming clearer and it is crucial to promote 
a holistic procedure towards renovation circularity. 

In conclusion, the key findings of the above investigation might be stated as follows: 

• Different facade insulation techniques were investigated in the framework of DRIVE 0, such as 
boundary walls, 2D cladding panels, 3D pod extension, wind barrier, recycled insulation materials, 
and so on, but all concluded that facade insulation was by far the most efficient measure to reduce 
energy consumption. 

• According to simulations, the installation of local ventilation systems with very effective heat 
recuperation was the second most efficient measure. 

• The PVs have the potential to dramatically lower the amount of electricity required from the grid, 
resulting to significant reduction of CO2 emissions. 

From an environmental standpoint, it is demonstrated that conventional building materials have much larger 
environmental consequences than circular building materials in all impact categories, strongly supporting the 
usage of circular materials in the construction business. Circular materials also have a large reduction in the 
following environmental implications: fossil fuel depletion, climate change impacts, particulate matter 
formation, metal depletion, and human toxicity. A significant reduction in fossil depletion for home building 
is seen, which may be explained by the fact that recycled materials use just 30% of the energy for 
transformation and manufacture when compared to traditional materials. 
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7 Annex - Analytical Simulation Results 

7.1 Spanish Demonstrator 

 

 

Figure 40 The proposed facade system 

 

Figure 41 The proposed facade system details: green wall, PV panel and cladding 

Three types of panels (PV panels, fibre cement panels, green wall) are aligned in a modular system. The 
dimensions of each panel are 1x2m. For the connection of the panels to the wall, the aluminium profile and 
steel anchor plates are used. The anchoring system for ventilated facades from a local manufacturer (Sistema 
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Masa) is seen in the details (Figure 42). With the clip-profile, the system allows ideal assembly performance 
without the need for screws. The system has versatility and quick assembly possibilities. It allows different 
arrangements of vertical profiles. 

  

Figure 42 The clip-profile anchoring system 

For the airtightness of the ventilated facade, a polypropylene waterproofing membrane by Knauf Insulation 
is considered (Homeseal LDS 0.02 UV) and for the thermal insulation, mineral wool by Knauf Insulation (Smart 
Facade Rock 35) is considered. Both have a low environmental impact and are suitable for ventilated facades. 

 

7.1.1 Energy simulation 

Basic assumptions for the simulation: 

The creation of a border wall “medianera” that works as a second skin of the building's facade is proposed. 
It is designed to be applied to the shorter facade of the building, which is completely opaque- without 
windows and has a S-W orientation. 

The proposal foresees the realization of a light metal structure mechanically fixed to the exterior face of the 
façade to support photovoltaic panels and panels with the Vertical iPanel green wall system and a ventilated 
facade. Under this assumption, we study the intense cover of the facade with PV panels, to achieve the 
highest possible energy production, while maintaining the proposed concept. It will occupy 100% of the SW 
facade, with a total area of approximately 330 m2, where 20% (66 m2) would be occupied by the iPanel green 
wall system, while the remaining 80% (264 m2) would be occupied by photovoltaic panels. 

The application of an 80 mm mineral wool insulation board is proposed, to be fixed directly above the existing 
facade, leaving an air chamber of 5-10 cm between the insulation and the cladding panels. 

A conceptual proposal is provided for the distribution of green areas in the form of vertical strips, with the 
aim of giving visibility to the green facade and a more uniform distribution of the photovoltaic panels with 
respect to the entire border wall. The proposal has been defined with the purpose of developing the energy 
simulation and is only one of the options to be considered in the final decision for renovation, taking into 
consideration multiple factors, not only the energy efficiency.  

Configuration of the simulation:  

The study has been developed by evaluating 4 different scenarios associated with the building: 
1. the current state 
2. the current state + the application of the DRIVE 0 second skin 
3. the refurbished state 
4. the refurbished state + the application of the DRIVE 0 second skin 
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For each scenario, 5 different cases have been studied: 

a) the whole building 
b) an office space behind the S-W facade wall, with main exposure to the north, located on the third 

floor (type floor) 
c) an office space behind the S-W facade wall, with main exposure to the north, located on the third 

floor (type floor) 
d) an office space behind the S-W facade wall, with main exposure to the north, located on the top floor 
e) an office space behind the S-W facade wall, with main exposure to the south, located on the top floor 

The analysed scenarios are specified with the conditions for each one at the level of activity and occupation, 
construction elements, air conditioning, ventilation, and lighting installations. 
The evaluation of the 4 different scenarios has made possible the demonstration of the improvements 
provided by the introduction of the DRIVE 0 border wall, in terms of the energy and bioclimatic behaviour of 
the building in its current state and in its renovated state. 
As best evidenced in the results of each energy simulation, the DRIVE 0 skin provides an improvement in 
terms of insulation and thermal inertia to the wall to which it is applied, and on the other hand, it allows the 
generation of energy through the photovoltaic panels that significantly help to cover the consumption of the 
building. 
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Regarding the interior space, each of the spaces on the third floor and the roof floor has an approximate area 
of 200 m2, with an average of 10 m of facade S-W and 20 m of facade S-E in cases c) and e) and N-E in cases 
b) and d). 
The five cases analysed are presented below, comparing in each one the energy simulation results associated 
with the 4 scenarios. The graphs describe the behaviour of the envelope, the contribution of interior loads, 
and the demand for heating and cooling. These graphs correspond to an annual energy balance where all 
values below the X axis are losses, and all values above are gains. 
The columns of glass, walls, interior floors, earth, interior partitions, and roof represent losses or gains due 
to the envelope. The infiltration columns represent losses due to air exchange with the outside. The columns 
referring to people, solar gains, lighting, and equipment are indoor gains, and the cooling and heating 
columns correspond to the energy demand necessary to establish the indoor comfort condition. The results 
of this study can be observed below. 
 
7.1.2 Results 

Case a: Entire building 

 

Figure 43. The energy balance of the entire building. With dark blue: ACTUAL, blue: ACTUAL + DRIVE 0, dark grey: RENEWED, grey: 
RENEWED + DRIVE 0 (glass/ walls/ roof/ floors/ basement floor/ partitions/ roofs/ external infiltrations/ illumination/ equipment/ 

occupation/ solar gains/ cooling/ heating) 
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Figure 44 The energy consumption of the entire building. Where with dark blue: ACTUAL, blue: ACTUAL + DRIVE 0, dark grey: 
RENEWED, grey: RENEWED + DRIVE 0 (electric equipment/ illumination/ heating/ cooling) 

Considering the energy demand for heating and cooling, the graph shows that the renovation including the 
DRIVE 0 solution for the border wall (dark blue compared to light grey), achieves a decrease in energy demand 
of 21,67 kWh/m2, which corresponds to 54%. The heating demand decrease represents 69% compared to 
the current state, while cooling demand decreased by 20%. One of the reasons is that the photovoltaic panels 
integrated into the facade occasionally cause overheating. However, their contribution to the overall energy 
balance is much more important, as can be seen below. 

PV panel monocrystalline 450W 
    

dimensions Wp equivalent 1 kWp 
 

l h m2 
 

factor total m2 
 

1,979 1,002 1,983 450 2,2222 4,407 
 

       

 

PV second skin – 
production in situ 

     

  orientation kWh/kWp 
year 

m2 kWp KWh 
year 

kWh/m2 (4530 
m2 occupied) 

80% of the 
border 
wall  

62,6°  895,33 264,24 60,0 53.688,4 11,85 
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Consumption and PV production 

  Total consumption PV production % demand covered 

  kWh/m2 kWh/m2   

ACTUAL STATE + DRIVE 0 60,7 11,9 20% 

RENEWED + DRIVE 0 51,5 11,9 23% 

 

23% of the overall energy demand would be covered by the PV production covering 264,24 sqm of the 
studied border wall.  

In the following subchapter, the energy balance of the studied rooms is resumed. 

a) an office space behind the S-W facade wall, with main exposure to the north, located on the third 
floor (type floor) 

 
Figure 45. The energy balance comparison of P3 North space. Where dark blue: ACTUAL, blue: ACTUAL + DRIVE 0, yellow: 
RENEWED, grey: RENEWED + DRIVE 0 (glass/ walls/ roof/ floors/ basement floor/ partitions/ roofs/ external infiltrations/ 

illumination/ equipment/ occupation/ solar gains/ cooling/ heating) 
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b) an office space behind the S-W facade wall, with main exposure to the south, located on the third 
floor (type floor) 

 

Figure 46. The energy balance comparison of P3 South space. Where dark blue: ACTUAL, blue: ACTUAL + DRIVE 0, yellow: RENEWED, 
grey: RENEWED + DRIVE 0 (glass/ walls/ roof/ floors/ basement floor/ partitions/ roofs/ external infiltrations/ illumination/ 

equipment/ occupation/ solar gains/ cooling/ heating) 

c) an office space behind the S-W facade wall, with main exposure to the north, located on the top 
floor 
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Figure 47. The energy balance comparison of P4 North space. Where dark blue: ACTUAL, blue: ACTUAL + DRIVE 0, yellow: 
RENEWED, grey: RENEWED + DRIVE 0 (glass/ walls/ roof/ floors/ basement floor/ partitions/ roofs/ external infiltrations/ 

illumination/ equipment/ occupation/ solar gains/ cooling/ heating) 

 

d) an office space behind the S-W facade wall, with main exposure to the south, located on the top 
floor 

 

 

Figure 48. The energy balance comparison of P4 South space. dark blue: ACTUAL, blue: ACTUAL + DRIVE 0, yellow: RENEWED, grey: 
RENEWED + DRIVE 0 (glass/ walls/ roof/ floors/ basement floor/ partitions/ roofs/ external infiltrations/ illumination/ equipment/ 

occupation/ solar gains/ cooling/ heating) 

 

Potential of energy reduction 
Finally, a study has been carried out to compare the energy reduction provided by the photovoltaic part of 
the border wall with that of the green part of the border wall with respect to the current state and the 
renovated state of the building. 
The following graph shows the demand for heating and cooling in kWh/m2 associated with the wall in its 
current state, compared to the photovoltaic DRIVE 0 wall and the green DRIVE 0 wall. 
Compared to the actual state, the green DRIVE 0 wall provides an improvement of 0.7% in cooling demand 
and 8.2% in heating demand; the photovoltaic party wall leads to a 1% worsening of the cooling demand but 
an improvement of 9.2% in heating demand. 
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Figure 49 The energy demand for heating and cooling. Where grey: CURRENT STATE, blue: DRIVE 0 GREEN wall, dark grey: DRIVE 0 
PV wall 

 
Conclusions 
Above all, the application of the DRIVE 0 wall has a positive impact in terms of energy production on site due 
to the surface area of photovoltaic panels, covering 20% and 23% of the building’s consumption in its current 
state and in its renovated state, respectively. 
The DRIVE 0 solution is made up of an insulating panel covering 100% of its surface, to create a ventilated 
facade due to the presence of a slightly ventilated air chamber between the insulation and the photovoltaic 
panels and the iPanel system. This intervention, together with the conventional renovation approach applied 
to the rest of the building, achieves a 54% saving in energy demand for heating and cooling.  
 
7.1.3 Life Cycle Assessment (LCA) 

 
Developed Facade //Landfill waste 

The following graph shows the environmental impacts of the construction phase and the end-of-life scenario 
with landfill waste for the endpoint categories. 
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Figure 50 Impact assessment of each individual material for the facade with weighting indicators per impact category with the 
scenario of landfill waste 

A significant percentage of total waste is disposed in landfill, which causes major environmental and health 
problems due to toxins, leachate, and greenhouse gases. The human toxicological impact of polypropylene 
waterproofing is higher than the other materials’ impact. The harmful effects on the ecosystems are greatest 
in geotextile materials. 
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Developed Facade // Waste to recycling 

The following graph shows the environmental impacts of the construction phase and the end-of-life scenario 
on waste that will end up being recycled for the endpoint categories. 

 

Figure 51 Impact assessment of each individual material for the facade with weighting indicators per impact category with the 
scenario of recycling waste 

The provision of an efficient and sustainable waste management system that considers the potential impact 
on public health and the environment is presented above. The impact of ionizing radiation, which is linked to 
the use of nuclear power in an electricity mix, is highest in the life cycle of photovoltaic (PV) panels.  

Comparison of two end-of-life scenarios: 

The following graph demonstrates the comparison of the environmental impacts of the facades, with two 
different end-of-life scenarios (waste to recycling and landfill waste). 
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Figure 52 Comparison of impact assessment of total materials for the facade with weighting indicators per impact category 

 

7.2 Irish Demonstrator 

The following presents a more detailed operational energy and environmental embodied energy and carbon 

assessment.  

7.2.1 Original Specification and Performance  

The houses assessed are two-storey, three-bedroomed, semi-detached dwellings built in 1975 of 
conventional masonry cavity wall construction (assumed non-insulated) with double glazed air-filled 
windows, solid ground floors, timber mid floors, and a cut timber ventilated pitched roof with tiles, with an 
assumed quilt insulation layer to the ceiling as typical for the period. The main original heating system was a 
traditional solid-fuel stove – boiler – cooker (50% efficiency was assumed as typical), which fed a central 
heating system and a domestic hot water cylinder and was supplemented by an open fire in the living room. 
Ventilation was provided by holes in the wall background vents and windows, supplemented by extract fans 
in some wet rooms. 

Based on this outline specification, which includes some assumptions typical for that period, the overall 
energy rating for the original dwellings before WCC took ownership in 2015 would be 527 kWh/m2/yr for No. 
7 and 498 kWh/m2/yr for No. 8, averaging 512 BER G. 
Given the poor levels of insulation in the original and the poor heating system efficiency, the energy demand 
is shown to be dominated by space heating in the assessment. However, it is likely that actual energy use 
was less than this as occupants may not have achieved or afforded the fuel to maintain the temperatures 
assumed in the model of 18 to 21 degrees.  
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No 7 2015 Pre WCC Upgrade No 8 2015 Pre WCC Upgrade 

  
 Table 13 DEAP energy results for the original No. 7 and No. 8 prior to WCC taking ownership in 2015. 

 

7.2.2 2020 Baseline and Targets  

Over the period from 2015 (when the properties were acquired by WCC) to 2020, each dwelling has had 
various and upgrades carried out by WCC, including energy-related upgrades as follows. 

No 7, was the most advanced upgrade, with the installation of a modern, high-efficiency air-to-water heat 
pump along with fabric upgrades including replacement windows and doors, pumped cavity wall insulation, 
and attic insulation. This modification would have increased the energy rating to 109 kWh/m2/yr BER B2. 

No 8 had only had partial fabric upgrades carried out, involving pumped cavity wall insulation and attic 
insulation. It also had an attic room made in the roof space and a porch lobby fitted sometime between 
original construction and 2015. These small extensions and minor upgrades would have improved the energy 
rating to 322 kWh/m2/yr BER E1. This would give an average energy rating performance for both dwellings 
of 215.5 kWh/m2/yr. 

Given the fabric upgrades, there is a significant reduction in space heating demand, for No 7, with a radical 
reduction in space heating and water heating energy use due to the integration of a high efficiency heat 
pump. 
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No 7 (HP ) 2020 Post WCC Works No 8 (Range) 2020 Post WCC Works 

HP, windows doors replaced, roof insulation, cavity 
wall insulation 

Roof insulation, cavity wall insulation 

  
Table 14 DEAP energy results for No 7 and No 8 post WCC conventional upgrades up to 2020. 

7.2.3 DRIVE 0 Retrofit  

Given that these dwellings have had some retrofit upgrades already carried out over the years 2015 to 2020 
and the significant difference in energy performance between No 7 and No 8, the target for a 70% reduction 
has been taken from the average performance of 215.5 kWh/m2/yr, equating to an energy rating target of 
65 kWh/m2/yr A3. This is proposed to be achieved via a combination of measures, with two broad service 
options being proposed for No 8. 

Fabric Upgrade 

The proposed fabric upgrade is to improve the walls via the addition of 2D modularised panels and EWI to an 
overall U value of 0.18, which, combined with advanced triple glazed window replacement and ancillary 
airtightness and thermal bridging reductions (which are conservatively accounted for in the assessment), will 
have a significant reduction in space heating demand and associated energy use.  

Ventilation Upgrades 

Both properties are being proposed to have mechanical ventilation systems installed, with MVHR 
(Mechanical Ventilation Heat Recovery) being proposed for No. 7 and options of MVHR or DCMV (Demand 
Control Mechanical Ventilation) being explored for No. 8, subject to client needs, technical issues, energy 
performance etc. 

Heating Systems 

No 7 has already had a high efficiency heat pump recently (circa, 2017) installed and, as such, it is not 
considered optimal from an energy, circular, or cost basis to replace it. 

Two broad options are being considered for No. 8, i) biomass stove/back boiler connected to the central 
heating system with supplemental SHW (Solar Hot Water) and ii) air-to-water high-efficiency heat pump with 
PV. 
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Renewables 

No 7 already has renewable heating via its existing heat pump. It is being proposed to supplement that with 
a small PV system to contribute to base load with a target of 1800 kWh/yr output. 

Subject to which heating system is to be selected for No 8, renewables will be as follows. 

• The biomass system will be supplemented with SHW (Solar Hot Water). 

• The heat pump system will be supplemented with PV as for No. 7 above. 

3D Extension Pod 

A small front extension will not only provide some ancillary storage and utility space but also provide an air 
lobby, which will have some energy efficiency savings as accounted for in DEAP. 

Ancillary 

Due to modularised external insulation panels, EWI, and new windows and doors, which are expected to 
reduce linear thermal bridging and improve airtightness, the above works are expected to have a positive 
impact on thermal fabric and air heat loss. 

In addition to the above, it is proposed to install low-e lighting. 

Based on these proposed upgrade measures, the 70% average target of 65 kWh/m2/yr will be achieved and 
or exceeded as follows. 

• No 7 HP MVHR PV 34 KWh/m2/yr A2 

• No 8 i) HP MVHR PV 45 kWh/m2/yr A2 

• No 8 ii) Biomass DCMV SHW 100 kWh/m2/yr B2 plus PV 58 kWh/m2/yr B2 

•  
No 7 (HP ) DRIVE 0 Target No 8 DRIVE 0 Target HP and Biomass 

HP, MVHR, PV, windows doors replaced, roof 
insulation, cavity wall insulation, lobby porch 

HP, MVHR PV, windows doors replaced, roof 
insulation, cavity wall insulation, lobby porch 

  
 Biomass stove boiler, DCMV, SHW, windows 

doors replaced, roof insulation, cavity wall 
insulation, lobby porch 
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 Plus PV 

 
Table 15 DEAP energy results for No 7 and No 8 DRIVE 0 retrofit proposals (options No 8) 

7.2.4 Outline Specification / Results Comparison 

The following table presents an outline of the specifications for the existing, pre and post WCC upgrades, and 
the proposed DRIVE 0 Retrofit. 

Original  
1975 - 2015 

WCC No 7 
2015 – 2020  

WCC No 8 
2015 - 2020 

DRIVE 0 No 7 
HP 

DRIVE 0 No 8 
HP 

DRIVE 0 No 8  
Biomass 

FABRIC 
U values 
Wall 1.56  
Floor 0.84 
Roof 0.4 
Windows 2.8 
Airtight  
Q50 10? 
LTB  
Y Factor 15? 
 

FABRIC 
U values 
Wall 1.56  
Floor 0.84 
Roof 0.13 
Windows 2.0 
Airtight  
Q50 7? (new 
windows) 
LTB  
Y Factor 15? 
 

FABRIC 
U values 
Wall 1.56  
Floor 0.84 
Roof 0.13 
Windows 2.8 
Airtight  
Q50 7? (new 
windows) 
LTB  
Y Factor 15? 
 

FABRIC 
U values 
Wall 0.18 
Floor 0.84 
Roof 0.13 
Windows 0.9 
Airtight  
Q50 3 (fabric 
upgrade) 
LTB  
Y Factor 11 
 

FABRIC 
U values 
Wall 0.18 
Floor 0.84 
Roof 0.13 
Windows 0.9 
Airtight  
Q50 3 (fabric 
upgrade) 
LTB  
Y Factor 11 
 

FABRIC 
U values 
Wall 0.18 
Floor 0.84 
Roof 0.13 
Windows 0.9 
Airtight  
Q50 3 (fabric 
upgrade) 
LTB  
Y Factor 11 
 

VENT 
Natural Vent  
Passive Vents 
Fans  
 

VENT 
Natural Vent  
Passive Vents 
Fans  
 

VENT 
Natural Vent  
Passive Vents 
Fans  
 

VENT 
MVHR 
SFP 0.75 
HR 89%  
 

VENT 
MVHR 
SFP 0.75 
HR 89%  

VENT 
DCMV 
SFP 0.33 
 

Delivered 

energy

Primary 

energy
CO2 

emissions
[kWh/y] [kWh/y] [kg/y]

Space heating - main 4,082 4,490 102

Space heating - secondary 460 506 11

Water heating - main 1,364 1,501 34

Water heating - supplementary 0 0 0

Pumps, fans, etc. 914 1,901 374

Energy for lighting 282 586 115

CHP input (individual heating systems only) 0 0 0

CHP electrical output (individual heating system only)0 0 0

Photovoltaic/ Wind Turbine -1,800 -3,744 -736

Type 1  0 0 0

Type 2 - 0 0 0

Type 3 - 0 0 0

Total 5,302 5,240 -100

per m
2
 floor area 59.2 58.48 -1.11

[kWh/m
2
 y]

Building Energy Rating 58 A3
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SERVICES  
Main Heating 
Range 50%  
Poor controls 
Sec Heating 
Open Fire 
DHW as main  
 
 

SERVICES  
Main Heating 
HP 327%  
Control 
upgrade 
Sec Heating 
Stove  
DHW as main  
204%  
Improved 
control and 
insulation  
New cylinder 
 

SERVICES  
Main Heating 
Range 50%  
Poor controls 
Sec Heating 
Open Fire 
DHW as main  
 
 

SERVICES  
Main Heating 
HP 327%  
Control 
upgrade 
Sec Heating 
Stove  
DHW as main  
204%  
Improved 
control and 
insulation  
New cylinder 
 

SERVICES  
Main Heating 
HP 352%  
Control 
upgrade 
Sec Heating 
Stove  
DHW as main  
204%  
Improved 
control and 
insulation  
New cylinder 
 

SERVICES  
Main Heating 
Stove Boiler 
85% 
Control 
upgrade 
Sec Heating 
Stove  
DHW as main  
85% 
Improved 
control and 
insulation  
New cylinder 
 

RENEWABLES  
None  

RENEWABLES  
Heat Pump  

RENEWABLES  
None 

RENEWABLES  
Heat Pump  
PV  

RENEWABLES  
Heat Pump  
PV 

RENEWABLES  
Biomass 
SHW 

OTHER 
 

OTHER OTHER 
Porch added 
Attic Room 
added  

OTHER  
Porch Lobby  
Low E Lights 

OTHER  
Porch Lobby  
Low E Lights 

OTHER  
Porch Lobby  
Low E Lights 

RESULTS 
kwh/m2/yr 
No 7 527  
No 8 498 
Average 512.5 
 

RESULTS 
kwh/m2/yr 
No 7 109 
 
 

RESULTS 
kwh/m2/yr 
No 8 322 
 

RESULTS 
kwh/m2/yr 
No 7 34 
 

RESULTS 
kwh/m2/yr 
No 8 45 

RESULTS 
kwh/m2/yr 
No 8 100 
+PV 58  

Table 16 DRIVE 0 Ireland Demonstrator Case Energy Assessment – Outline Specification Comparison 

 

7.2.5 Environmental Assessment  

Operational Carbon  

The following table indicates the significant reduction in operational carbon over 85% achieved by the 
retrofit.  

 

Table 17 Operational Carbon reductions from DEAP assessment 

 

Drive 0 IRL Demo DEAP OE C02  Assessment Results Summary 

No 7 No 8 Average

kg/yr/m2 kg/yr/m2

2015 Pre WCC Upgrades 171 163 167

2020 Post WCC Upgrades 23 104 63.5

DRIVE 0 Proposal 

HP PV MVHR Option No 7 No 8 7.5 10.7 9.1

Biomass  SHW DCMV No 8 7

Biomass  SHW DCMV PV No 8 -1
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Embodied energy and Embodied Carbon analysis  

An embodied energy and an embodied carbon study were undertaken on the wall panel as follows. 

Two specification variations of the proposed 2D facade elements and two variations of the 3D facade 
elements were assessed based on embodied energy and embodied CO2, examining different biobased 
insulation alternatives compared to the manufacturers’ conventional.  

For comparison, commonly used ETICS solutions (200 mm of EPS or rockwool) for facade insulation was also 
added to the analysis, which may be utilised as part of the Irish case study pending confirmation of budget 
distribution. Prefabricated elements: 

• 2D Prefab element 1: buffer insulation, breather membrane, frame (89mm VB cold rolled steel), 
rockwool, PIR insulation, 25mm treated timber battens, 25mm treated timber counter battens, 
cement carrier board, render finish. 

• 2D Prefab element 2: buffer insulation, breather membrane, frame (89mm VB cold rolled steel), bio-
based mineral wool insulation, wood fibre insulation, 25mm treated timber battens, 25mm treated 
timber counter battens, cement carrier board, render finish. 

• 3D Prefab element 1: paint, plaster skim on plasterboard, breather membrane, frame (89mm VB cold 
rolled steel), rockwool, PIR insulation, 25mm treated timber battens, 25mm treated timber counter 
battens, cement carrier board, render finish. 

• 3D Prefab element 2: paint, plaster skim on plasterboard, breather membrane, frame (89mm VB cold 
rolled steel), bio-based mineral wool insulation, wood fibre insulation, 25mm treated timber battens, 
25mm treated timber counter battens, cement carrier board, render finish. 

Results showed that 2D prefab element 2 with bio-based insulation had the highest embodied energy and 
embodied CO2 content – something expanded upon within the conclusions. Calculation results for the whole 
facade area (75m2 applied to 2D solutions and 9m2 for 3D addition) are shown in Table 9, and results per 
facade square meter are shown in Figure 12. A detailed calculation table is shown in Annex 1. 

 

Facade insulation element Embodied Energy, 
MWh 

Embodied CO2, 
tCO2 

2D Prefab element 1: buffer insulation, breather 
membrane, frame (89mm VB cold rolled steel), rockwool, 
PIR insulation, 25mm treated timber battens, 25mm 
treated timber counter battens, cement carrier board, 
render finish 

11 2.326 

2D Prefab element 2: buffer insulation, breather 
membrane, frame (89mm VB cold rolled steel), bio based 
mineral wool insulation, wood fibre insulation, 25mm 
treated timber battens, 25mm treated timber counter 
battens, cement carrier board, render finish 

12 2.812 

3D Prefab element 1: paint, plaster skim on plasterboard, 
breather membrane, frame (89mm VB cold rolled steel), 
rockwool, PIR insulation, 25mm treated timber battens, 

2 0.351 
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25mm treated timber counter battens, cement carrier 
board, render finish 

3D Prefab element 2: paint, plaster skim on plasterboard, 
breather membrane, frame (89mm VB cold rolled steel), 
bio based mineral wool insulation, wood fibre insulation, 
25mm treated timber battens, 25mm treated timber 
counter battens, cement carrier board, render finish 

2 0.414 

ETICS - 200 mm rockwool 3 0.666 

ETICS - 200 mm EPS 4 0.585 

Table 18 Embodied energy and CO2 of facade insulation solutions 

 

 

Figure 53 Embodied CO2 per facade m2 of insulation solutions. 

Two types of prefabricated elements will be used for the renovation of the Irish pilot building: 2D elements 
with bio-based insulation and cement board; and 3D elements, also with bio-based insulation. The extent of 
2D prefabricated panels is calculated for the full coverage of a single 75m2 dwelling. This area may be reduced 
by implementing a traditional EWI system. These EWI solutions with different insulation materials have also 
been assessed. 

In carrying out the analysis of the Irish demonstrator, several issues have become apparent. In our excel 
calculations, we have noted the sources for both CO2 and Embodied Energy. 

Of significance for DRIVE 0, is that the ICE database appears outdated regarding the actual list of materials 
available for reference. For the Irish demonstrator, all bio-based insulation materials and even PIR insulation 
are not available. As a result, it is notable that in various scenarios of calculation, similar reference materials 
were used in the absence of accurate information. 
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7.3 Italian Demonstrator 

7.3.1 Energy Simulation Results 

The investigated issue concerns the energy performance of the building, which was assessed through the 
development of analysis both in static and dynamic regimes. Thanks to the analysis of the increase in 
performance, in terms of thermal transmittance and energy consumption, for the different envelope 
solutions considered, it was possible to select the most suitable solution to be implemented for the deep 
renovation intervention. 

 

Analysis of the state of the art 

Due to the impossibility of carrying out a monitoring campaign for the currently abandoned building, it was 
necessary to carry out energy simulations to determine the performance of the building in its current state. 
For this purpose, the dynamic calculation software DesignBuilder, a user interface of EnergyPlus, was used; 
this tool allows obtaining the behaviour of the building on a time basis, considering the accumulation and 
release of thermal energy. 

 

 

Figure 54 Architecture scheme of the Design Builder software 

The Integrated Solution Manager, included in the software (composed of the three modules: Surface Heat 
Balance Manager, Air Heat Balance Manager, and Building Systems), is constituted by two work phases: 

1. analysis of the interaction between the thermal zones and the outdoor environment 
2. analysis of variable and not directly modifiable air conditioning systems. 

The construction of the building calculation model is done by dividing the building into thermal zones, each 
of which is defined by the surfaces that delimit it, as indicated in the figure below. Then, each surface is 
assigned a stratigraphy, which in turn is constructed by assembling layers of different materials with possible 
air gap layers. Among the elements making up the stratigraphy, there are also different shading systems. 
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To assist in the creation of plant models, there are the so-called HVAC Templates, modules that allow a series 
of typical plant configurations to be modelled with a very limited number of input data and which, following 
an initial simulation, give rise to a complex and complete system by entering a series of default data. 

 

Figure 55 3D digital energy model of the building complex: (left) villa and (right) hayloft. 

Two energy models were constructed: 

• Model 1: uninhabited, with no occupancy and plant installations (as is); 

• Model 2: multi-family residence equipped with a radiator heating system (assumed). 
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Figure 56 Digital models for energy simulations for both scenarios: (left) Model 1; (right) Model 2 

The surfaces of the zones are considered layered by the material selection process. In detail, the current 
external wall consists of 29 cm solid of bricks and lime plaster inside and outside. This construction element, 
which has been applied to both models, shows a stationary transmittance U equal to 1.64 W/m2K.  

The windows are single glazed and composed of a wooden frame with a thermal transmittance U equal to 
3.63 W/m2K. The table below shows the main data: 

GLASS WINDOWS 

No. glazed layers 1 

Thickness [mm] 6 

Type of glass Clear 

Solar factor g [%] 0.81 

Direct solar transmission [%] 0.775 

Thermal transmittance Ug [W/m2K] 6.12 

Table 19. Energy parameters related to the windows 

In conclusion, the thermal transmittance values (U) obtained highlight the strong thermal inefficiencies of 
the building envelope. Indeed, the values are significantly different from the limit values imposed by current 
regulations for the climate zone (E) in which the building is located. 

A table summarizing and comparing the U values is given below. 

Building envelope 
component 

U max [W/m2K] 
imposed by Ministerial 

Decree 26 June 2015 for 
Climatic Zone E 

U real [W/m2K] 
calculated 

Check on compliance with 
legislation 

External walls 0.26 1.64 NO 

Ground floor 0.26 0.46 NO 

Roof 0.22 1.47 NO 

Windows 1.40 6.12 NO 

Table 19 Comparison between U values imposed by regulation and U real values for each building envelope component  
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Model 1: 

For the first case in which the building is considered as such, i.e. abandoned and without installations, the 
graphs below show the trend of the internal temperatures as the external temperatures change over one 
year, and the trend of the internal temperatures on the various floors. 

 

Figure 57 Graph of indoor temperature in relation to outdoor temperature variation external temperatures 

 

Figure 58 Monthly trend graph of internal air temperatures at different levels 

Model 2: 

The building is assumed to be a multi-family residential building, connected with the neighbouring service 
building, the hayloft/barn. The latter is not considered in the following analysis since it is a service assistant 
building, used exclusively as a warehouse and animal shed. The villa is assumed to be equipped with a 
radiator heating system and comprised of three levels for three different independent families. 

Air temperature Dry bulb outdoor temperature Operative temperature Radiant temperature
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LEVEL ROOMS 

Ground floor 

4 bedrooms 

2 living rooms 

2 bathrooms 

3 services rooms 

First level 

4 bedrooms 

2 living rooms 

2 bathrooms 

3 services rooms 

Second level (loft) 

2 bedrooms 

1 bathroom 

2 living rooms 

Table 20 List of rooms assumed at different levels 

 

 

Figure 59 Internal distribution of the villa modelled according to the assumed use of the building: (left) first floor (equal to ground 
floor) and (right) second floor 

We assumed the presence of a heating system with radiator terminals, and a Coefficient of Performance 
CoP=0.85. We assumed the presence of mechanical ventilation that provides a constant air change of a 
minimum of 0.1 vol/h. In figure 41 we evaluated the technical specifications of the radiator system with a 
natural gas generator and an air supply temperature of 35°C. The operating program was set to operate the 
system at full capacity between the hours of 6-12 and 16-22 on a typical day. In the remaining daytime hours, 
there is 50%, while at night it switches off. 

In detail, the individual zones are analysed, each with its own characteristics. The bedrooms, the kitchen, and 
the living areas aim at user comfort, optimizing the system solutions according to the energy performance 
characteristics of the envelope. The bedrooms are located on the north and south sides of the house, while 
the living and service areas are on the periphery of the building, and the service areas are in the marginal 
areas of the house. These assumptions have been made respecting the existing floor plan, noting the 
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photographic survey of the rooms for connection to the DHW distribution network. The service rooms are 
transitory places, so they are not equipped with systems but exploit the energy optimization of the 
characteristics of the building envelope. The top floor does not have all the usable floor area, but it is assumed 
as unoccupiable those rooms in which there is a lack of usable height due to the presence of a sloping roof. 

The lighting system influences the final calculations of electricity consumption, heat input, and costs. Its 
operational schedule is a difficult variable to determine in the context of usage assumptions. Therefore, it is 
assessed here as a constant between the hypothesis of the current state and the project state proposed later. 
The lighting hypothesis is schematized as a series of LED technology lights, with a normalized power density: 
5 (W/sqm-100lux). In detail, reference is made to the specific template, with the graphic representation of 
the different solutions for positioning the lights on the walls. In this case, a suspended fixing is highlighted. 

The HVAC section (Heating, Ventilation, Air Conditioning) covers ventilation systems, heating, and cooling of 
air in zones. It asks for the functioning modes of operation, the performance values of the systems, the 
temperatures to be maintained, the quality of additional energy, as well as the definition of domestic hot 
water production and the need for controlled natural ventilation. It has been assumed that the presence of 
a heating system with radiator terminals with a CoP terminal equals to 0.85. The presence of mechanical 
ventilation is assumed to provide a constant air exchange of at least 0.1 vol/h. It has been assessed that the 
technical specifications of the radiator system, with a natural gas generator and an air temperature of 35°C. 
The operating program is set to consider the system at full capacity between the hours of 6-12 am and 4-10 
pm on a typical day. During the remaining daytime hours, the system runs at 50%, while at night it switches 
off. 

 

Figure 60 Assumed operating schedule of the heating system for the Model 2 of the current state 

Analysis of different deep renovation solutions: 

The design project realized by Habitat Plus, in cooperation with UNIBO and ALIVA, for the pursuit of a circular 
approach to the deep renovation of the building, was developed after several energy analysis regarding the 
different envelope construction and installation solutions. The project is aimed at increasing the building’s 
performance in terms of seismic safety and energy behaviour, albeit respecting the original architectural 
characteristics of the historical building. 
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Furthermore, a significant re-distribution of the internal spaces was necessary to realize the multi-user social 
residence dedicated to disadvantaged families and disabled people. The following images represent the final 
layout of the three levels of the building after the deep renovation intervention. 

   

Figure 61 Images of the renovation project of the “Corte Palazzo” building complex: (left) general view; (center) East facade of the 
Italian pilot; (right) West and South facades of the Italian pilot (© Habitat Plus) 

 

 

Figure 62 Digital model for the energy simulation at different levels according to the design project that will be physically realized 
(© Habitat Plus) 

Regarding the installation systems, the renovation project foresees the implementation of an external heat 
pump generator, through which the collector distribution systems for winter and summer air conditioning 
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and hot sanitary water are fed. The terminals consist of fan coil units in the living areas and bedrooms for 
heating and cooling, and designed radiators in the bathrooms. The analyses carried out on DesignBuilder 
were aimed at carrying out an hourly diagnosis adapted to the future users and, therefore, the summer and 
winter temperature set points, with respect to the operating program conceived from 6 am to 12 pm and 
from 4 pm to 10 pm, were assigned at the end of a process of optimization of resources given by consumption 
and internal comfort. In addition, the project provides for the installation of controlled mechanical ventilation 
systems for air exchange, with a positive contribution to the formation of surface condensation. Finally, the 
installation of photovoltaic panels integrated into the new roof is also planned. 

CHARACTERISTICS OF THE HVAC SYSTEM  

Heating system: 
heat pump 

Winter temperature set point: 
22°C, 20°C (mitigation) 

Terminals: 
fan coil units and design radiators 

Summer temperature set point: 
26°C, 28°C (mitigation) 

Functioning: 
heating (H) and cooling (AC) 

Functioning: 
6-12 am and 4-10 pm 

Ventilation system: 
controlled mechanical ventilation system (V) 

Airflow: 0.1 vol/h 
Functioning: 24 h ON 

Table 21 Main characteristics of the HVAC system foreseen by the renovation design project 

Regarding the thermal performance of the building envelope, the external walls represent a significant 
criticality to be solved. Several solutions for materials and components were considered and evaluated in 
order to select the most suitable one in terms of thermal performance, circularity, and environmental impact. 
In particular, different materials of different origins were considered regarding the requirements of the 
building owner and the constraints imposed by regulation. 

Origin Material 

Layer 
position 
External 
and/or 
internal 

[E/I] 

Thermal 
conductivi

ty λ 
[W/mK] 

Vapor 
resistance 

VP 
[-] 

Densit
y 

[kg/m3

] 

Specific 
heat 

capacity cp 
[J/kgK] 

Compressi
on mech. 
resistance 
(EN 826) 

[kPa] 

Fire 
resistance 
(Euroclass 
DN 4201) 

[-] 

Global 
Warming 
Potential 

GWP 
[kgCO2eq/

kg] 

Mineral Rock wool E/I 0.033-
0.054 

1-2 15-200 800-1,030 15-80 A1 1.16-1.73 

Glass wool E/I 0.032-
0.053 

1-2 10-150 840-1,030 25 A1-A2 1.7-2.81 

Calcium 
Silicate 
Hydrate 

I 
0.05-0.07 5 300 900 3,000 A1-A2 0.34 

Synthetic Expanded 
polyurethane 
(PUR) 

E/I 
0.03 60 40 1,260 50 B1-B2 2.55 

Expanded 
polystyrene 
(EPS) 

E/I 
0.035-
0.044 

20-30 11-30 1,450-1,500 100 B1 3.07-7.29 

Extruded 
polystyrene 
(XPS) 

E/I 
0.04 70 38 1,450 300 B1 2.5 

Natural Cork I 0.04 18 120 1,670 100 B2 0.36 

Hemp fiber I 0.04 1-5 30-85 2,000 150 B1-B2 0.14 

Wood fiber E 0.050-
0.055 

5 
250-
270 

2,000 50 B1 0.98 

Table 22 Semi-stationary performance values for the materials considered in the preliminary feasibility study 

Based on this data, it is possible to state that: mineral materials are durable and combine very good insulation 
properties (an average of 0.034 W/mK) with good fire resistance (A1); synthetic materials have a low fire 
resistance (B1) and a high GWP (2.5 kgCO2eq/kg) and hence environmental impact; natural materials present 
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a high level of sustainability, non-toxic composition, , and good thermal insulation properties (about 0.045 
W/mK).  

After comparing the parameters described above, a first selection was made to find the most suitable 
strategy for renovating the building through a tailor-made intervention based on materials selected for their 
performance, sustainability properties, and compatibility with the current state and the building owner’s 
requirements. A first selection was made, and some materials were discarded early: glass wool, PUR, EPS, 
and hemp fibre. Then, the remaining five envelope solutions were investigated, and classified into external 
and internal cladding: 

• External thermal layer (ETICS): 
o Mineral material: rock wool (RockWool panels); 
o Natural material: wood fibre (panels by 3therm); 

• Inner thermal layer: 
o Mineral material: Calcium Silicate Hydrate (Ytong Multipor blocks); 
o Natural material: cork (panels by Tecnosugheri); 
o Synthetic material: extruded polystyrene (XPS) (panels by Knauf). 

For the external thermal layer solutions, the same 18 cm thickness was considered for both mineral rock wool 
and natural wood fibre panels. The solution involves the application of a thermal insulating layer in the form 
of panels, glued and doweled, placed on the external side of the perimetral walls. Due to historical 
constraints, the insulation panels are protected by a plaster reinforced with mineral fibre and then finished 
with a traditional lime plaster. The comparison mainly focuses on the stationary thermal transmittance U, 
which is equal to 0.174 W/m2K for the rock wool solution and to 0.20 W/m2K for the wood fibre one. 

For the internal thermal layer solutions, the same 12 cm thickness was considered for all three materials: 
mineral blocks in Calcium Silicate Hydrate, natural cork panels, and synthetic XPS panels. The thickness is 
lower than that of the external solutions because the internal solutions reduce the net floor area. Calcium 
Silicate Hydrate is presented in the form of self-supporting blocks, which are glued to the internal surface 
using a specific mortar and, once the mortar has hardened, finished by levelling. Otherwise, both natural 
fibre and synthetic panels are glued and mechanically fixed. The U values for mineral, natural, and synthetic 
solutions are similar, but a crucial difference regards the thermal permeance value, which is significantly 
lower for the latter (XPS). 

In order to show the optimal solution, the analyses focused on the presence of surface and interstitial 
condensation, with the possibility of mold formation, using PAN software produced by Anit. Tests were 
carried out on a stationary and hourly basis to assess the real behaviour of the condensation phenomenon 
during a year. From the summary table, we show that solutions based on an internal thermal layer are more 
connected to these phenomena. The selected insulation materials for this internal use show three different 
categories of hygrometric behaviour; the synthetic material (XPS) is like an internal vapor barrier, avoiding 
interstitial condensation phenomena but being linked to internal surface condensation. The natural material 
(cork), highly breathable, requires the installation of at least a vapor barrier, due to the accumulation of 
interstitial condensation at the interface between the masonry and the insulating material. The mineral 
material (Calcium Silicate Hydrate) presents an accumulation of condensation on the same interface, but it 
can dry within one year, as shown by the hourly simulation calculation developed according to UNI EN 15026. 
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No. layer Layer description 

Stationary 
thermal 

transmittance U 
[W/m2K] 

Periodical thermal 
transmittance U 

[W/m2K] 

Risk of formation 
of surface mold 

Risk of formation 
of interstitial 
condensation 

1 ETICS in rock wool 0.175 0.013 NO NO 

2 ETICS in wood fibre 0.205 0.006 NO NO 

3 
Internal layer in Calcium 

Silicate Hydrate 
0.242 0.242 NO YES 

4 Internal layer in cork 0.237 0.017 NO YES 

5 Internal layer in XPS 0.214 0.019 NO NO 

Table23 Verification table of the risk of condensation formation according to UNI EN ISO 13788 and UNI EN 15026 standards 

 

 

Figure 63 Graph representing the interstitial condensation accumulation for the thermal internal layer solution involving cork panels 
(similar to the graph obtained for the Calcium Silicate Hydrate solution): presence of condensation within the maximum limits 

imposed by legislation 

 

  

Figure 64 Glaser graph related to the accumulation of interstitial condensed vapor for the ETICS solution in rock wool, during the 
most critical month (January): data show that there is no formation of condensation 

Once the semi-stationary properties of the different stratigraphies for the renovated external wall had been 
verified, the dynamic energy data of the villa was carried out with DesignBuilder and EnergyPlus, considering 
the same five solutions which differed in terms of insulating material. The following two graphs show the 
comparison between different solutions considered in terms of total dispersion of the building envelope in 
the winter period and the yearly CO2 production generated by the air conditioning system. The aim is to 
summarize the behaviour with respect to the various insulation solutions, highlighting the differences 
between the internal solutions among them and the external ones among them, thus allowing the collection 
of all the necessary parameters to make an aware design choice. Evaluating these results, together with the 
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characteristics of the materials, according to a sustainable and circular approach, two optimal solutions are 
found: the one with rock wool panels externally placed and the one with Calcium Silicate Hydrate blocks 
internally placed. 

The winter heat energy demand is a result of the semi-stationary calculation method previously described. 
The graph below shows the comparison of the heating demand in winter for the five different solutions. 
These data, expressed in kW, permit us to obtain the thermal capacity necessary to heat the indoor 
environment based on the dispersions and the energy gains given by the internal contributions. To this end, 
all surfaces (both the dispersing ones of the envelope and the internal ones) are considered, as are all the 
contributions made by ventilation and infiltration. The total cooling is a value obtained through a sub-hourly 
dynamic calculation of the hottest day of the summer period (15 April - 15 October). The analysis, containing 
30 minutes of data, shows that compared to the assumptions made about the operation of the system, the 
kW obtained concerns a real balance, adapted to the user, of the thermal energy demand for cooling. 

Finally, this semi-stationary shows that, among the external solutions, the rock wool panels represent the 
best compromise between the maximization of energy performance, the minimization of environmental 
impact, and the minimization of costs. Otherwise, among the internal solutions, the Calcium Silicate Hydrate 
blocks represent a valuable alternative. The following table summarizes the final values obtained: 

ENERGY 
PARAMETER 

EXTERNAL LAYER 
IN ROCK WOOL 

EXTERNAL LAYER 
IN WOOD FIBER 

INTERNAL LAYER 
IN CALCIUM 

SILICATE HYDRATE 

INTERNAL LAYER 
IN XPS 

INTERNAL LAYER 
IN CORK 

Stationary thermal 
transmittance U 

[W/m2K] 
0.0174 0.200 0.254 0.224 0.249 

Heating demand 
[kWh] 

17.82 18.23 19.04 18.53 18.97 

Cooling demand 
[kWh] 

-273.0 -277.1 -297.5 -292.5 -296.6 

GWP 
[kgCO2eq/kg] 

1.16-1.73 0.98 15 2.5 0.36 

Cost [€/m2] 45-80 60-90 70-100 45-80 60-100 

Table 24 Summary and comparison between the energy parameters calculated for the different envelope solutions 

Based on the analysis conducted, due to its energy performance, the final design solution selected to be 
applied to all the building facades was the ETICS in rock wool panels (18 cm thickness). 

Following the semi-stationary analysis, hourly dynamic simulations were carried out on a seasonal basis for 
the two best solutions identified. Below are some graphs and tables comparing the two intervention 
scenarios involving the two different insulation materials and the current state. 

Energy parameter Current state ETICS in rock wool 

Stationary thermal transmittance U [W/m2K] 1.640 0.174 
Table 25 U values of the current state and the final renovated state with ETICS in rock wool solution 

The renovation intervention for the energy refurbishment of the building envelope foresees the 
implementation of two different types of thermal insulation systems: 

• for the South and East facades, a traditional ETICS system in rock wool will be implemented. 

• for the North and West facades, the innovative facade system developed by ALIVA will be 
implemented. 
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Figure 65 Last version of the ALIVA design solution for the facade panels 

The 2D solution designed by ALIVA was originally based on the combination of two layers of rock wool, with 
two different densities. During the last year, following the evaluations carried out by company technicians to 
try to improve the panel's performance and resolve the technical and construction criticalities that emerged 
during the design phase - plus the difficulties in finding building materials due to Covid 19 - the panel solution 
has changed. The panel will therefore consist of an inner layer of glass wool and an outer layer of rigid high-
density rock wool, in the form of a sandwich panel, which in turn will be finished with a layer of lime-based 
plaster. 

The energy simulations presented in this report were carried out on the building that is refurbished using a 
continuous layer of 18 cm rock wool. Although there was a variation in the choice of materials in the two 
facades examined in ALIVA, it is considered that the simulations are still valid because the material used is 
still a mineral fibre that does not change the final thermal transmittance of the external wall in a steady state. 

Below are the graphs representing the results of the analysis carried out in a dynamic regime on the villa 
considered renovated through the implementation of the interventions described above. 
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Figure 66 Graph representing the comparison between the monthly dispersion trends during a year for the current state and the 
renovated state with ETICS in rock wool 

 

Figure 67 Graph representing the comparison between the monthly heating load trends during a year for the current state and the 
renovated state with ETICS in rock wool 
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Figure 68 Graph representing the comparison between the monthly cooling load trends during a year for the current state and the 
renovated state with ETICS in rock wool 

The comparison between the design solutions and the data concerning the reference building was developed 
based on the energy objectives aimed at: reduction of the energy consumed; reduction of the environmental 
impact; reduction of the costs derived from energy; and improvement of the internal comfort. 

Regarding the assessment of indoor comfort, the most widely used models for assessing thermal-hygrometric 
comfort are the Fanger’s model and the Adaptive model. According to the technical standard EN 15251:2007 
("Indoor environmental input parameters for design and assessment of energy performance of buildings 
addressing indoor air quality, thermal environment, lighting and acoustics"), the acceptable comfort 
temperatures depend on the type of system used to provide thermal comfort. If cooling is provided by an 
active system (i.e. mechanically), then indoor temperatures must comply with those defined by Fanger’s 
model (UNI EN ISO 7730:2006). If, on the other hand, thermal comfort is maintained by passive cooling 
strategies (without mechanical devices), then the upper and lower temperature limits are imposed by the 
Adaptive model. The Fanger’s model was developed in the 1960s and is the main standard to which the main 
regulations refer. It is derived from statistical studies conducted in the laboratory and from the theory of 
heat balances applied to the human body and is applied to mechanically conditioned environments. 
According to the Fanger’s model, the comfort indicators are the PMV (Predicted Mean Vote), which expresses 
the average perception of comfort of the occupants of a room, and the PPD (Predicted Percentage 
Dissatisfied), which is a function of the PMV. The PMV value is defined on a scale from -3 (corresponding to 
a very cold environment) to +3 (corresponding to a very hot environment), where 0 corresponds to a neutral 
condition of the environment, neither hot nor cold. According to the UNI EN ISO 7730 standard, to identify a 
Class A environment, a PPD between -0.2 and +0.2 is required; for a Class B environment, a PPD between -
0.5 and +0.5 is required, and for a Class C environment, a PPD between -0.7 and +0.7 is required. The PPD 
index is defined by a percentage value that, according to the UNI EN ISO 7730 standard, must be less than or 
equal to 10%, and defines Class B by a PMV value between -0.5 and +0.5. 

The energy comfort results were obtained using DesignBuilder software, by keeping the metabolic rate fixed 
for each room according to the defined use.  
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The following tables summarize the data obtained from the semi-stationary and dynamic energy simulations 
developed: 

Occupation Multi-family residence 

Systems installed 

Heating system (H) 

Cooling system (AC) 

Controlled mechanical ventilation system (V) 

Hot Water Distribution system (HWD) 

Heating system Heat pump 

Terminals Fan coil units air chiller and design radiators 

System functioning schedule 6-12 am and 4-10 pm 

Winter temperature and mitigation set point 20-22°C 

Summer temperature and mitigation set point 28-26°C  

External shading system for windows Micro-Louvre system 

Table 26 Table summarizing the boundary conditions of the energy model developed to carry out the post-intervention state 
simulations 

ENERGY PARAMETER ETICS in rockwool 

Stationary thermal transmittance U [W/m2K] 0.174 

Heating load [kWh/y] 16,544 

Cooling load [kWh/y] -6,818 

Thermal dispersions in winter from envelope walls [kWh] -6,972 

Thermal dispersions in summer from envelope walls [kWh] -1,412 

Table 27 Table summarizing the energy consumption of the final renovated state with ETICS in rock wool 

ENVIRONMENT PARAMETER ETICS in rockwool 

CO2 Emissions in winter [t] 6.00 

CO2 Emissions in summer [t] 4.74 

GWP [kgCO2eq/kg] 1.73 

Energy consumption in winter for gas fuel heating system [kWh] 19,214 

Energy consumption in summer for cooling system [kWh] 3,787 

Table 28 Table summarizing the environmental impact of the final renovated state with ETICS in rock wool 

COMFORT PARAMETER ETICS in rockwool 

PMV Fanger index in winter PMV [-] 0.4 

PMV Fanger index in summer PMV [-] 0.2 

Radiant temperature in winter [°C] 20.8 

PPD Fanger index in winter PMV [-] 21.0 

Table 29 Table summarizing the comfort indoor values 

In general, the energy simulations presented before were developed with a model that does not include the 
presence of the PV panels (produced by Trienergia https://www.trienergia.com/prodotto/modulo-
trienergia-60-celle-star-trixxxsm-rr/). Since the project foresees the installation of 102 m2 of PV panels, red 
coloured ceramic, integrated into the South oriented pitch roof, the photovoltaic energy generation can be 
estimated based on the technical characteristics of the PV panels selected. The PV plants will produce about 
12,100 kWh/y, which could cover the energy demand of the villa and could also be returned to the energy 
grid and sold and paid for at pure energy cost. 

PV system - TECHNICAL SPECIFICATION  

Cell type Micro crystalline cells 

Orientation South 

Tilt angle About 20° 

https://www.trienergia.com/prodotto/modulo-trienergia-60-celle-star-trixxxsm-rr/
https://www.trienergia.com/prodotto/modulo-trienergia-60-celle-star-trixxxsm-rr/
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N. modules 
46 modules “TRI210DM-RR” of 210 W 

+ 14 modules “TRI105TM-RR” of 105 W 

Total PV area 120 m2 

Maximum total power 11 kWp 

Inverter efficiency 90% (12 years) – 82% (30 years) 

Table 30 Technical specifications of PV plants 

 

Figure 69 Executive design project of the BIPVs systems to be installed on the South-oriented pitch roof of the villa 

 

7.3.2 Life Cycle Assessment (LCA) 

A Life-cycle analysis has been conducted to assess the environmental impact of the renovation intervention 
to be implemented on the envelope of the building. The LCA analysis is a method to calculate the 
environmental footprint of a product throughout its life cycle, starting from the extraction of the raw 
materials of the product, its production, and distribution, moving to the use and disposal phases, thus 
calculating the environmental impacts related to its life cycle. 

The values are returned according to different impact categories, representing the different impacts that the 
product generates in various environmental sectors. The impact category considered in this analysis is the 
increase in the anthropogenic greenhouse effect (GWP), measured based on the amount of CO2 eq emissions 
in the atmosphere generated by the consumption of energy and materials. Another category of impact 
considered is the Primary Energy, which includes all the energy (direct and indirect), measured in MJ, used 
to transform, or transport raw materials into the product.  

As said before, the scope of this analysis is to assess the environmental impact of the intervention of 
renovation of the building envelope of the building, considering both opaque and transparent elements. In 
particular, the analysis focused on the following categories: 

1. reinforcement of the foundations (“sottomurazione” in solid bricks); 
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2. energy refurbishment of the external facades through the implementation of two different solutions 
(the traditional ETICS system and the ALIVA prefab system); 

3. reconstruction of the wooden roof through the implementation of the prefab system; 
4. replacement of windows frames, windows and doors; 
5. installation of a photovoltaic system integrated into the roof.  

The following table shows the results related to the GWP values obtained for each material: 

 

Building Component Materials Quantity GWP 

1) Foundation 2) 
Opaque facades 3) 

Roof 4) Frames, 
doors, windows 5) 

Insulation 6) Internal 
plan 7) Services 

Description of each material  

Amount 
Unit of 

measure  
Embodied CO2 

Total 
Embodied CO2 

- [kg, m3, m2, ...] [kgCO2/kg] [kgCO2] 

Foundation  

Clay bricks, Gamma Porotherm BIO 
PLAN, 

9,780.75 kg 0.22 2,190.89 

Dry mortar, cement based, for 
internal and external use 

1,509.00 kg 0.18 274.64 

External facade 

Rock wool insulation panels 39.62 m3 1.20 2,500.00 

Gypsum plaster 2.07 m3 0.28 230.00 

Outdoor paint for external 
insulation systems 

4,407.76 kg 1.46 6,400.00 

Glass wool insulation (ALIVA) 23.33 m3 0.89 1,500.00 

Double skin steel faced sandwich 
panels (50mm) (ALIVA) 

194.42 m2 30.52 5,900.00 

Fibre cement boards (ALIVA) 194.42 m2 0.82 3,500.00 

Steel brackets (ALIVA) 471.00 kg 1.51 720.00 

XPS insulation boards 61.78 m3 4.24 12,317.00 

Roof  

Roof tiles, clay 32,828.25 kg 0.44 14,444.00 

Sawn timber pine 468.00 kg 0.53 270.00 

Sawn timber pine 945.00 kg 0.53 540.00 

Rock wool insulation panels 306.00 m2 1.20 1,500.00 

Underroof membrane PUR on PET 
fleece 

306.00 m2 5.33 280.00 

Oriented strand board (OSB) 3.84 m3 0.36 1,100.00 

Rock wool insulation panels 306.00 m2 1.20 3,900.00 

Glue laminated timber (Glulam) 
beams 

7.25 m3 0.13 2,900.00 

Oriented strand board (OSB) 3.84 m3 0.36 1,100.00 
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Sawn timber pine 2.493,95 kg 0.53 1,400.00 

Polyethykene barrier membrane 306,00 m2 2,06 1,200.00 

Windows  

 EPS insulation 400.00 kg 3.07 1,200.00 

Double glazing windows with 
wooden frame 

2,089.00 kg 1.80 4,200.00 

PV SYSTEM 
Solar panel photovoltaic system 62.20 m2 15.02 11,208.00 

Aluminium profiles 20.62 kg 10.85 290.00 

        Total EECO2 81,064.53 

    

Total 
EECO2/m2 

199.18 

Table 31 List of the materials used for implementing the renovation of the building envelope (extracted from the Material Passport) 
and related values of GWP, calculated by using OneClick LCA software 

The analysis was conducted by using OneClick LCA, automated software for assessing the life cycle 
assessment of environmental impacts. The software allows analysing the impacts divided by phases of the 
life cycle, by material, and by categories of the building, producing graphs that allow an immediate reading 
of the result (as seen in the following images). 

Figure 58 shows the resources with the major contribution to the environmental impact (calculated according 
to a cradle-to-gate approach, i.e. in the phase A1-A3, the product stage). The resources with the greatest 
impact in terms of CO2eq are in order: the roof ceramic tiles (“coppi”), the XPS insulation, and the PV system, 
which respectively cover 17.8%, 15.2%, and 13.8% of the total amount of GWP. 

However, the impact of the roof ceramic tiles will most likely be less in reality, as it is planned the reuse of 
the original tiles, if not damaged. Thus, it is expected to result in a reduction of about 30-40% of the related 
value of CO2eq. 
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Figure 70 GWP for each resource (cradle-to-gate impacts) 

The thermal insulation materials correspond to the type of resource with the largest amount of kgCO2eq, 
followed by installation and systems (Figure 71). Indeed, the first voice alone is responsible for nearly 25 t of 
CO2e, and when it comes to building components, the external facades are clearly the most impactful (Figure 
72). 

In terms of total primary energy use, installation and systems voice are the most influential, followed by 
bricks and ceramics; insulation is only the fourth on the list (Figure 73). 

Looking at the classification by building component, it is possible to see that the roof is the largest 
contributor, while the external facades have an environmental impact of about half that of the roof (Figure 
74). 
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Figure 71 GWP for type resource 

 

 

 

Figure 72 GWP Classification 
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Figure 73 Total use of primary energy for types of resources 

 

 

Figure 74 Total use of primary energy-classifications 

Table 32 shows a summary of the results of the LCA of the construction materials (following a cradle-to-gate 
approach). External walls and facades have the greatest impact on GWP, acidification, and ozone formation 
in the lower atmosphere (respectively 40.84%, 40.89%, and 69.48%), whereas the roof has the greatest 
impact on total primary energy use and biogenic carbon storage (43.53% and 91.69%). Windows and doors 
are responsible for the major part of the ozone depletion potential (60.75%) and the building systems and 
installations responsible for eutrophication (42.12%). 
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Following the results of the LCA analysis, some design choices that are not yet final will be re-evaluated (e.g. 
the final stratigraphy of the ALIVA system, which is still being defined) in order to reduce the environmental 
impact. 

Construc
tion 

Resource 
User 
input 

GWP 
[kgCOe] 

Acidificatio
n [kg SOe] 

Eutrophicat
ion [kg 

Poe] 

Ozone 
depletion 
potential 

[kgCFC11e] 

Formation 
of ozone of 

lower 
atmospher

e [kg] 
Ethenee 

Total use of 
primary 
energy 
ex.raw 

materials 
[MJ] 

Biogenic 
carbon 
storage 

[kg COebio] 

    
Section 

total 
2,465.53 1.86 0.33 0 0.19 25,661.61  

    
Section 

total 
33,084.39 126.56 25.18 0 26.41 226,546.94  

    
Section 

total 
28,569.56 77.69 14.15 0 8.32 495,065.65 16,134.83 

    
Section 

total 
5,401.4 36.47 5.03 0.01 1.74 182,349.26 1,462.98 

    
Section 

total 
11,494.05 66.95 32.53 0 1.35 207,639.22  

Table 32 LCA final results 

 

7.3.3 Life Cycle Cost (LCC) 

A Life-Cycle Cost analysis has been conducted to analyse different possible facade insulation solutions. 
Furthermore, LCC was conducted for other envelope elements, such as the new roof and the PV panels that 
will be installed and integrated with it. The initial cost includes production and installation costs with VAT per 
building envelope m2. The types of maintenance interventions and their frequency depend on the specific 
construction solution and are assessed over a 50-year period. 

For the facades, the final design project consists of the use of two different solutions, both based on the use 
of a new rockwool layer for the thermal insulation: 

• for the North and West facades: 2D circular ALIVA prefab system; 

• for the South and East facades: traditional ETICS system. 
The other two ETICS solutions (highlighted in grey in the following table) have been discarded for their 
properties in terms of energy performance and level of circularity. Regarding the two selected facade 
solutions (reported in black in the following table), it is important to remark that the high maintenance cost 
of the ALIVA system is due to the requirement imposed by the local authorities to use a final plaster coat for 
the finishing of facades. For this solution, it is necessary to adopt some maintenance actions every 5 years, 
specifically: plaster cleaning, plaster recovering, and painting. Furthermore, the initial cost of the ALIVA 
system is quite high since the product has not yet reached an industrialized level (TRL 10) but is still in the 
prototyping phase. If we consider the “original” ALIVA system, which is completely prefabricated without the 
final plaster coat layer, and we consider the product already included in the construction chain, then costs 
related to the prefabricated system would be significantly reduced. 
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TECHNICAL SOLUTION Initial cost, 
€/m2 

Maintenance 
cost 

Maintenance per 50-
year life cycle 

Total cost, 
€/m2 

ALIVA system 
(South and East oriented facades): 
Plug& play panels in mineral wool (high 
and low densities) and anchors in steels 

383,50 

Inspection and 
maintenance 

500 € 
(About 2.03 €/m2) 

50/5=10 

895.70 
Plaster cleaning 

7.66 €/m2 
50/5=10 

Plaster recovering 
32.40 €/m2 

50/5=10 

Paintings 
18.26 €/m2 

50/10=5 

ETICS traditional system 
(North and West oriented facades): 
partially recycled ROCKWOOL panels (15-
20% recycled) fixed to the existing wall 
with adhesive mortar and coated with 
plaster (mineral source) 

80,00 

Plaster cleaning 
7.66 €/m2 

50/5=10 

571.90 
Plaster recovering 

32.40 €/m2 
50/5=10 

Paintings 
18.26 €/m2 

50/10=5 

ETICS: partially recycled WOODWOOL 
panels fixed to the existing wall with 
adhesive mortar and covered with plaster 
(farming source) 

60,00 

Plaster cleaning 
7.66 €/m2 

50/5=10 

551.90 
Plaster recovering 

32.40 €/m2 
50/5=10 

Paintings 
18.26 €/m2 

50/10=5 

ETICS: XPS panels from virgin materials 
fixed to the existing wall with adhesive 
mortar and covered with plaster (fossil 
source) 

36,00 

Plaster cleaning 
7.66 €/m2 

50/5=10 

527.90 
Plaster recovering 

32.40 €/m2 
50/5=10 

Paintings 
18.26 €/m2 

50/10=5 

PV: Photovoltaic panels (100x140cm and 
100x50cm modules), profile, aluminium 
base 

364,78 
300 € 

(About 2.94 €/m2) 
50/1=50 511.78 

ROOF: prefabricated wooden "Multibox" 
system insulated with rockwool 

220,87 100 €/m2 50/7=7 920.87 

Table 33 Life-Cycle Cost of the analysed facade insulation solutions (including VAT), conducted according to the Deliverable 3.3 of 
DRIVE 0 project 
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After this preliminary LCC analysis was conducted according to the approach proposed within the DRIVE 0 
Task 3.3, a more in-depth LCC analysis was carried out for the specific solutions in order to assess the 
construction costs of their realization and their maintenance costs over a 25-year service life (considered 
from time 0, when the intervention is completed). Below, some results from LCC analyses are presented. 

Regarding the ALIVA facade solution, two different scenarios were compared: the “state of fact” system, 
including the traditional final plaster coat (imposed by the historical-documentary constraint); and the totally 
prefabricated “original” ALIVA system, without this final layer. If we consider the ALIVA system without the 
final coat, the maintenance cost is significantly reduced. This shows the high level of circularity of the totally 
prefab solution compared to the solution that will be physically realized. If the building was not protected, it 
would be possible to install a totally prefabricated panel (more circular). 
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Figure 75 LCC analysis for the specific ALIVA system solution to be implemented for North and West facades, considered in two 
different scenarios: (top) partially prefabricated solution including the final traditional plaster coat, according to the historical-

documentary constraints (“state of fact”); (bottom) totally prefabricated solution without the final plaster coat (“original”) 

If these data are compared to those related to the LCC analysis conducted for the ETICS solution, it is evident 
that the maintenance costs of the prefab ALIVA solution are much more expensive than the traditional ETICS 
system applied to the other two facades. 

 

 

Figure 76 LCC analysis for the specific traditional ETICS system solution in rock wool to be implemented for South and East facades 

The LCC analysis was also conducted for the new remanufactured wooden roof system and for the PV panels 
integrated into the South oriented pitch roof of the villa. 

 

Figure 77 LCC analysis for the specific prefabricated wooden roof solution 
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Figure 78 LCC analysis for the specific BIPVs panels 

Finally, the LCC analysis for the whole building is by considering just the intervention on the envelope. 
Maintenance costs amount to 24% of the total cost, and this demonstrates the circularity of the renovated 
building. 

 

Figure 79 LCC analysis for the whole building, with reference to the envelope 
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7.4 Estonian Demonstrator 

7.4.1 Hygrothermal measurements and simulations of Estonian demonstrator 

Simulations 

The simulation model was calibrated based on the field measurements in the current study. Calculations 
were in good agreement with the measured data (see Error! Reference source not found.). 

  

 
 

Figure 80 Measured and calculated relative humidity and temperature in points P4 and P6 (top) and averaged heat flux in the wall 
with air and vapor retarder (AVR) and without AVR (bottom). 

.   

Material Thermal 
conductivity 

, W/(m∙K) 

Water vapor 
resistance factor 

µ, - 

Density 

, kg/m³ 

Water absorption 
coefficient 

Aw,kg/(m²∙s0.5) 

Autoclaved aerated concrete (AAC) 0.200 8.00 810 0.0441 

Timber (planed spruce) 0.130 40.0 450 0.0155 

MW insulation 0.035 1.20 22  

MW board with facing 0.031 1.80 105  

Fibre cement board 0.263 17.5 1350 0.0569 

Gypsum board 0.190 7.90 774 0.0760 
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Oriented strand board (OSB) 0.102 190 640 0.0018 

Air and vapour retarder: 
(0.2m≤Sd≤5m)* 0.230 1000 460 0.0001 

PE-foil (Sd≥50m)* 0.400 89000 980  

* Sd – water vapor diffusion-equivalent air layer thickness 

Table 34 Properties of materials in structures of Estonian case-study 

Measurements 

Measured outdoor and indoor temperature and relative humidity (RHe, RHi, Te, Ti) and measurement results 
in most critical points (RH and t) are shown in Error! Reference source not found.. 

 

 
 

Figure 81 Measured outdoor and indoor climate (top) and in the critical points P4, P6, and P7 of the element without air and vapor 
retarder (bottom). 
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Moisture content and redistribution of moisture in the existing wall and the insulation element 

The measured and calculated moisture content of the existing AAC wall is shown in Error! Reference source n
ot found. (left). Measured samples were drilled out from the wall in the autumn, with slight rain. The results 
show that the external part of the AAC panel (from the outdoor surface < 50 mm) has a markedly higher 
moisture content than the internal part. We can see a decrease in the moisture content, starting from the 
wall’s middle (150 mm) and moving inwards. The sidewall of the loggia is open to weather impacts from both 
sides, but the inner side of the loggia wall has no considerable impact from precipitation. 

To determine possible critical moisture content and the influence of rain on an AAC panel without additional 
external insulation (before renovation), simulations using a calibrated model of Delphin were conducted. 
Good agreement in the results of measured (solid lines) and calculated data (dotted lines) was reached. 

Figure 82 (right) shows the moisture distribution at different depths of the wall and precipitation during a 
randomly selected 4-year period. The impact of the rain and the redistribution of the moisture are very clearly 
visible. The moisture content is lower during the summer and highest during the autumn-winter period. The 
dry-out time after heavy rainfall in the outer sections of the AAC panel could be remarkably long. 

  
 

Figure 82 Measured (solid lines) and calculated (dotted lines) moisture content of AAC. Samples were taken from different locations 
and depths of the external walls (left) and moisture redistribution in the AAC exterior wall without additional external insulation 

facing southwest (right).  

Moisture redistribution in the wall was analysed with local climate data for 43 years (1970-2012). See the 
values of the 90-percentile moisture content (i.e., 10% of results have higher moisture content) in Error! R
eference source not found. (left). The results of the moisture content in the AAC panel at different depths 
and seasons show a noticeably considerable variation, both in the depth of the AAC panel and in the other 
months.  

To proceed with the deterministic hygrothermal design of insulation elements, the values of the 90-
percentile of moisture content in points A, B, and C were calculated, with the help of moisture content 
calculation data, obtained at different depths and months. The determined initial moisture content levels in 
the AAC panel with respect to local climate and wind-driven rain loads are presented in Error! Reference 
source not found. (right). 
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Figure 83 Distribution of moisture content in AAC panel (left) and monthly moisture content in the AAC panel at different depths 
during the studied period (1970-2012) without additional external insulation (right). 

 

7.4.2 Energy measurements and simulations of Estonian demonstrator 

Energy Performance Certificate before the renovation 

 

Figure 84 Energy Performance Certificate based on measured energy use before the renovation 
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Energy calculations  

.  

Building envelope U, W/(m2K) 

External wall 0.15 

Windows 0.90 

Roof 0.08 

Basement ceiling 0.55 

Service systems  

Ventilation Mechanical ventilation with heat recovery (ῃ-0.77) 

Heating Radiator heating (district heating) 

Renewable energy PV-panels (50 kW) 

 Table 35 Input data for the energy calculations 

 

 

Figure 85 Simulation model for the energy calculations. Front view (above) and back view with added balconies (below). 
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Energy Performance Certificate after the renovation 

 

 

Figure 86 Energy Performance Certificate based on energy calculations after the renovation 

. 

7.5 Slovenian Demonstrators 

Energy Simulation Results – Case A 

The demonstrator is considered an old building, dating back to about 1900. On the ground floor, there are 
60cm thick walls, made mostly from stone and brick. This was the only floor that was residential. The wooden 
floor will be removed and a concrete slab with 20cm XPS will be installed. The first floor was used for storage 
and was not heated. The whole building is totally uninsulated. During the renovation, the first floor will also 
become heated living space, so roof, facade insulation and new windows are planned to be installed. The 
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ground floor was heated by a central wooden furnace. Water was heated by boilers. A heat pump is planned 
to be installed to cover the heating needs of the larger heated volume of the house. 

Based on the investor’s preference, mechanical ventilation was not chosen. The thickness of insulation is 
20cm of RMW on the facade and 32cm of GMW on the pitched roof, and triple-glazed windows are set as 
renovation measures.  

Before renovation only the ground floor was heated: 

net surface of ground floor 98,1 m2 

net volume of ground floor  255,0 m3 

gross volume of ground floor 407,3 m3 
 

 

Figure 87 Total final energy needs of building (only ground floor is used) before renovation 

 
State of fact - total 
(biomass), GF only 

State of fact / m2 

(biomass), GF only 

H't - Transmission heat transfer coefficient [W/m2K] 
 

1,136 

Energy demand for heating QNH [kWh/m2 a] 36638 373,5 

Energy demand for cooling QNC [kWh/m2 a] 4 0 

Energy class (Slovenian) 
 

G 

Total Final energy need [kWh/m2 a] 53926 550 

Renewable energy [kWh/a] 47737 94% 

Qp -primary energy need [kWh/m2 a] 12990 132,4 

Yearly CO2 emissions [kg/m2 a] 1678 17,1 

 
Table 36 State of fact of biomass 
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Figure 88 State of fact in diagrams: (pie chart: total energy sources delivered: violet – biomass, green - electricity) 

After the renovation both the ground floor and first floor will be in use and heated: 

net surface of ground floor 208,8 m2 

net volume of ground floor  804,9 m3 

gross volume of ground floor 561,5 m3 
 

 
All measures (+LED light + heat 
pump) - whole house 

All measures (+LED light 
+ heat pump + 
recuperators) - whole 
house 

difference 

H't - Transmission heat transfer coefficient 
[W/m2K] 

0,22 0,22 0% 

Energy demand for heating QNH [kWh/m2 a] 54,9 26,4 -52% 

Energy demand for cooling QNC [kWh/m2 a] 0 0 
 

Energy class (Slovenian) C B2 
 

Total Final energy need [kWh/m2 a] 86 86 0% 

Renewable energy [kWh/a] 0,64 0,64 0% 

Qp -primary energy need [kWh/m2 a] 77,1 57,1 -26% 

Yearly CO2 emissions [kg/m2 a] 16,35 12,12 -26% 

Table 37 Measures taken for calculation 

 

The energy efficiency of the building will be increased with the installation of insulation and a heat pump. 
Installation of local mechanical ventilation units (or central mechanical ventilation system) with high heat 
recuperation efficiency is necessary to achieve at least Slovenia’s B2 energy class. This measure would 
theoretically additionally cut energy demand for heating in half, and primary energy needs and yearly CO2 
emissions by 26%. 
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Figure 89 Impact of the installation of local mechanical ventilation units (or central mechanical ventilation system) with high heat 
recuperation efficiency 

Simulation results for RES installation 

With the installation of a 10kW air/water heat pump it is estimated that around 6500 kWh of annual 
electricity consumption will be used for heating, warm water, cooling, lighting, and ventilation of this building 
after the deep retrofit scenario. Consumption of all other electrical appliances (2x kitchen appliances, 
freezers, etc) is to be added. For these energy needs the installation of RES is being investigated. The roof 
has a great potential for PV installation, since half of the roof has approximately a 37° inclination and faces 
south.  

 

 

Figure 90 The roof of the building where PV plants could be implemented 

17 pieces of 325 Wp monocrystalline PV modules (Canadian Solar CS1H-325MS, dim. 1700x 992 mm, module 
efficiency 19.3%) are simulated to be installed on a metal roof substructure with adequate ventilation. This 
means 5,525 kWp of installed power. SMA Sunny Tripower 5.0-3AV-40 inverter has been chosen. Roof 
inclination of 37° and orientation of 174° (S) were used in the calculation. 

Simulation was made with the online calculation tool PVSOL (https://pvsol-online.valentin-software.com/#/). 
Input data were inserted from the location of the building (Unec 69, Unec): 

https://pvsol-online.valentin-software.com/#/
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Figure 91 Theoretical total annual PV energy production 

Results: The estimated total annual PV energy production (6903 kWh) can cover the yearly basic house needs 
(6500W). Nonetheless the PV production during winter, when the electricity needs of the heat pump are 
high, is limited. During summer, almost all PV production will return to the grid (net-metering is calculated 
per month in Slovenia – the summer surplus of PV generated energy will not count towards yearly 
production). Therefore, around 70% of all PV generated energy would return to the grid, while 66% of all 
electricity needs would still need to be covered by the public grid. 

 

Annual PV energy: 6903 kWh 
thereof own consumption: 2192 kWh --> Own power consumption = 31,8 % 
thereof grid feed-in 4711 kWh 

   
Consumption: 6500 kWh 

Covered by PV: 2192 kWh --> Solar fraction: 33,7 % 
covered by grid: 4344 kWh 
 

Avoided CO₂ emissions: 3693 kg/year (0,353 kgCO2/kWh) for whole PV production (consumption + grid 
feed-in); 1174 kg/year for own consumption. 
 

7.5.1 Energy Simulation Results – Case B  

The building consists of an “old” part (built in the 1970s) with concrete and brick walls. In a later stage, two 
additional annexes were constructed. Each floor has a slightly different wall structure. The basement is not 
heated. Thermopan windows with wooden frames are installed. The whole building is uninsulated, except 
the roof (20 cm of old glass mineral wool). Central heating of rooms and water is provided by a combined 
wood/oil furnace, backed by solar water heating panels, and connected to a 400-litre heated water reservoir. 
In recent years, investors used almost entirely biomass (wood) for central heating systems. Deep retrofit of 
the building will take place, as well as central heating system- heat pump, will be installed. The climate is 
characterised by cold and long winter and potentially hot summer days; therefore, the heating period is 
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highly predominant. The net heated area is 198m2, and the net heated volume is 465.8m3. Because the 
external walls are quite thick, the net/gross heated volume ratio is 0.74. The most energy intense service is 
heating. 

 

Figure 92 Total final energy need 

 
State of fact - 
total [kWh a] 
(biomass) 

State of 
fact / m2 
(biomass) 

State of 
fact / m2 
(oil) 

H't - Transmission heat transfer coefficient [W/m2K] 0,873 0,873 

Energy demand for heating QNH [kWh/m2 a] 37012 191,6 191,6 

Energy demand for cooling QNC [kWh/m2 a] 35 0,2 0,2 

Energy class (Slovenian) 
 

F F 

Total Final energy need [kWh/m2 a] 58117 294 306 

Renewable energy [kWh/a] 54087 93% 5% 

Qp - primary energy need [kWh/m2 a] 15178 76,7 351,3 

Yearly CO2 emissions [kg/m2 a] 2136 10,8 83,0 

Table 38 Biomass powered state of fact 
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Figure 93 Biomass powered state of fact (pie chart: total energy sources delivered: violet – biomass, green - electricity, orange- 
solar) 

  

 

Figure 94 Oil powered state of fact: (pie chart: total energy sources delivered: violet – oil, green - electricity, orange- solar) 

  U-values [W/m2K]  

existing build-up with new insulation improvement 

External wall GF old part 1,337 0,183 -86% 

External wall GF annex 1,062 0,177 -83% 

External wall FF old part 0,551 0,153 -72% 

External wall FF annex 1,581 0,187 -88% 

Mansard side wall 0,366 0,134 -63% 

Pitched roof 0,185 0,159 -14% 

Loft 0,186 0,108 -42% 
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basement ceiling 0,588 0,328 -44% 

Annex ground floor 0,351 0,351 0% 

Table 39 Comparison of calculated U-values of main opaque building envelope elements 

 

Simulation of the contributions of different measures (described under “solutions chosen”) to the main 
energy performance building characteristics: 

 

Figure 95 Comparison of the final energy need 

Total Final energy need [kWh/m2 a] Difference

State of fact / m2 294

New triple-glazing windows and doors 259 -12%

Facade insulation 16cm 178 -39%

New roof insulation Supafil Timber Frame 286 -3%

Basement ceiling insulation 287 -2%

All insulation measures 135 -54%

All measures (LED light + ventilation wIthout
heat pump)

93 -68%

All measures (+ heat pump + LED light +
ventilation)

82 -72%
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Figure 96 Energy demand for heating and related energy classes 

 

Summary of energy simulations: 

Facade insulation has been found to be the most efficient measure to reduce energy consumption by far. To 
achieve high reduction in energy consumption but also to meet the needs of the investors, a cost-optimized 
ETICS system with best-in-class non-combustible rock mineral wool insulation is used. Increasing facade 
insulation thickness to 20 cm would bring an additional 2% reduction in final energy needs, but there is 
concern about limiting natural light since the original walls are already very thick. Additional natural light 
analysis was carried out to assess this. 

The second most energy efficient measure is the installation of local heat recuperation ventilation devices, 
closely followed by energy efficient triple glazing. With the choice of glass with a high enough g coefficient 
(passive heating by the sun in winter) and an effectively low Ug value, building energy class B2 could be 
reached with a combination of all other measures (QNH < 35 kWh/m2 a). Existing Velux roof windows and 
solar heating panels are in good condition and perform well, therefore they won’t be changed.  

Since primary roof waterproofing needs to be replaced, the 20 years old roof insulation will also be replaced 
with a new, more efficient one. Blowing wool would be an ideal choice since it ensures more quality 
installation in many difficult to reach places. This measure can also be used to appropriately install and seal 
a vapour barrier on the loft, thus ensuring better airtightness of the envelope and longevity of the wooden 
roof structure. 

Energy demand for heating QNH [kWh/m2 a] Difference

State of fact / m2 191.6

New triple-glazing windows and doors 164.9 -14%

Facade insulation 16cm 100.9 -47%

New roof insulation Supafil Timber Frame 185.8 -3%

Basement ceiling insulation 186.2 -3%

All insulation measures 64.3 -66%

All measures (LED light + ventilation wIthout
heat pump)

34.9 -82%

All measures (+ heat pump + LED light +
ventilation)

42.6 -78%
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Basement ceiling is already low, therefore only 5 cm of insulation was calculated on the already coated ceiling 
RMW lamellas, which are only glued to the concrete slab. This measure would help improve the thermal 
comfort of having a warm floor at ground floor level, limit thermal bridges and ensure more stable basement 
temperatures for food and equipment storage. 

While keeping the existing biomass powered furnace, all insulation measures, with local ventilation devices 
and LED lighting, would theoretically reduce energy demand for heating by 82%, final energy need by 68%, 
primary energy need by 51% and CO2 emissions by 39%.  

The introduction of an 11 kW heat pump instead of a biomass furnace would theoretically negate all primary 
energy need reductions of all other measures and increase CO2 emissions by 52% due to the electricity energy 
mix. But compared to an oil powered furnace, there is still a great advantage in favour of the heat pump. 

 

 

 

Figure 97 Results for the last scenario: all insulation measures (windows, facade TI, roof TI, basement ceiling TI, heat pump, 
ventilation units, LED lighting): (pie chart: total energy sources delivered: violet – electricity, green - solar, orange- heat from 

environment) 

Daylight simulation  

The effect of thicker external walls due to an additional ETICS facade system in kitchen (first floor) is 
visualized: 
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Figure 98 Left: Picture of kitchen in first floor (SE orientation); Right: thickness of NW external wall 

Simulation with VELUX Daylight Visualizer software.  

The variables are the total external wall thickness (thermal insulation 16/20cm + glue + render ≈ 17/21cm), 
the window position (current state: in the middle of the existing wall, after renovation: on the external edge 
of the existing wall) and the window glass light transmittance: τv-value = 78% / 68% (energy efficient triple 
glazed windows tend to have lower light transmittance, meaning even less natural light indoors). The 
simulation is based on cloudy weather conditions. 

 

Figure 99 Different scenarios for the daylight simulation 

Summary of daylight simulation: since existing external walls are already quite thick, additional ETICS systems 
cause a noticeable reduction in the average daylight factor indoors. Going from 16 to 20 cm of facade 
insulation means an additional 2% worsening of the result, but on the other hand contributes to a 2% 
additional reduction of final energy needs. Daylight is also a very important factor in environmental indoor 
quality. Since 16 cm of facade RMW board Knauf Insulation SmartWall N C1 is just enough for current 
Slovenian Eco Fund subsidies, this thickness seems to be an optimal choice to achieve a balance between 
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energy efficiency, daylight availability and financial investment while ensuring fire safety and other 
advantages. 

Simulation of the potential for additional renewable energy sources – roof mounted PV panels: 

With the installation of 11 kW air/water heat pump it is estimated that, around 6300 kWh of annual electricity 
consumption is predicted for heating, warm water, cooling, lighting, and ventilation of this building after the 
deep retrofit scenario. Consumption of all other electrical appliances (2x kitchen appliances, freezers, etc) is 
to be added.  

 

Figure 100 Appropriate roof space for the implementation of PV panels 

Useful roof space on the SE side is limited to around 30m2 (6m in width and 5.2m slope-wise), which means 
around 6x3=18 pieces of 325 Wp monocrystalline PV modules (Canadian Solar CS1H-325MS, dim. 1700x 992 
mm, module efficiency 19.3%) can be installed on a metal roof substructure with adequate ventilation. This 
equates to 5.85 kWp of installed power. Sunny Boy 2.5-1VL-40 inverters have been chosen (two strings with 
9 modules each). For the calculation, a roof inclination of 40° and an orientation of 130° (SE) were used. 

Simulation was made with the online calculation tool PVSOL (https://pvsol-online.valentin-software.com/#/). 
Input data for the location of the building (Zgornji Otok 10a, Radovljica, Slovenia): 

 

 

https://pvsol-online.valentin-software.com/#/
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Figure 101 Theoretical annual PV energy production 

Results: Total annual PV energy production (6715 kWh) would theoretically cover the basic house needs 
(6300W), but the least energy would be produced in winter, when the electricity needs of the heat pump are 
the highest. During summer, almost all PV production returns to the grid (net-metering will be calculated per 
month in Slovenia – summer surplus of PV generated energy will not count towards yearly production). 
Therefore around 70% of all PV generated energy would go to the grid, while 67% of all electricity needs 
would still need to be covered by the public grid. 

 

Annual PV energy: 6715 kWh 
thereof own consumption: 2036 kWh --> Own power consumption = 30.3 % 
thereof grid feed-in: 4679 kWh 

   
Consumption: 6300 kWh 

Covered by PV: 2036 kWh --> Solar fraction: 32.3 % 
covered by grid: 4301 kWh 
 

Avoided CO₂ emissions: 3593 kg/year (0,353 kgCO2/kWh) for whole PV production (consumption + grid 
feed-in); 1089 kg/year for own consumption. 
 

7.5.2 Energy Simulation Results – Case C 

The house has 3 floors (basement, ground floor, and first floor), the external walls of each floor are made of 
different building blocks (concrete, aerated concrete, and modular brick). In the past, the basement wasn’t 
heated regularly, but there were some radiators and a boiler room. After the renovation, some basement 
rooms will serve new activities, thus the basement will be heated regularly. Basement ceiling insulation made 
of recyclable RMW with Ecose binder will be installed in the new suspended ceiling to serve as thermal and 
acoustic insulation between floors. As we simulated the house as one joint heated zone, the effect of this 
insulation is not noticeable in results, although some benefits are expected. Except for 10 cm of old RMW in 
the loft, the house is uninsulated. Since the roof and loft elements will be completely renewed, old insulation 
will be recycled, and new insulation with a proper vapour barrier and weather membrane will be installed. 



   
 
 

H2020 DRIVE 0_841850_WP6_Task 6.3     117 
 
 

Rooms and water are heated by a central 25 kW furnace, powered by wooden pellets. The predominant 
source of energy consumption is heating. The total net heated area is 246.26m2, and the total net heated 
volume is 563.41m3. Windows are quite heavily shaded with structural elements.  

Roof orientation and the availability of sun in this location is not optimal, so installation of a roof PV plant or 
solar heating collectors was not assessed. 

 
Figure 102 Total final energy need 

  
State of fact – total State of fact / m2 

H’t – Transmission heat transfer coefficient [W/m2K] 
 

0,853 

  
  

Energy demand for heating QNH [kWh/m2 a] 36510 148,3 

Energy demand for cooling QNC [kWh/m2 a] 48 0,2 

Energy class (Slovenian) 
 

E 

Total Final energy need [kWh/m2 a] 52441 213 

Renewable energy [kWh/a] 47737 91% 

Qp -primary energy need [kWh/m2 a] 16533 67,1 

Yearly CO2 emissions [kg/m2 a] 2493 10,1 

Table 40 Biomass powered state of fact 
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Figure 103 Biomass powered state of fact (pie chart: total energy sources delivered: violet – biomass, green – electricity) 

 
 U-values [W/m2K]   

existing build-up with new insulation improvement 

External wall basement 1,53 0,197 -87% 

External wall GF  0,536 0,159 -70% 

External wall FF  0,873 0,18 -79% 

Pitched roof 0,369 0,131 -64% 

Loft 0,359 0,098 -73% 

basement ceiling 0,612 0,251 -59% 

basement floor 0,531 0,531 0% 
Table 41 Comparison of calculated U-values of main opaque building envelope elements 

 

Simulation of the contributions of different measures (described under “solutions chosen”) to the main 
energy performance building characteristics: 
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Figure 104 Comparison of the final energy need 

 

Figure 105 Energy demand for heating and energy classes 

 

 

Total Final energy need [kWh/m2 a] Difference

State of fact / m2 213

New triple-glazing windows and doors 189 -11%

Facade insulation 15cm 144 -32%

New roof insulation  26cm 202 -5%

All insulation measures 111 -48%

Mechanical ventilation devices 178 -16%

All measures (+LED light + ventilation) 72 -66%
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Facade insulation is by far the most efficient measure to cut energy consumption. The cost optimized ETICS 
system with best-in-class non-combustible rock mineral wool insulation (λ=0,034 W/mK) is considered for 
energy efficiency and investors’ wishes and needs. Increasing facade insulation from 15 cm thickness to 20 
cm would bring an additional 2% reduction in final energy needs. ETICS system is going to be used on 3 facade 
sides, on the 4th side a ventilated facade system is predicted. The later one will be a real-life demo of the new 
Knauf Insulation system, which will also show the way for more circular facade design (easier to disassemble 
and separate raw elements).  

The second most energy efficient measure is the installation of local heat recuperation ventilation devices, 
closely followed by energy efficient triple glazing (roof windows will also be changed). 

While keeping the existing biomass powered furnace, all insulation measures, with added local ventilation 
devices and LED lighting, would theoretically reduce energy demand for heating by 78%, final energy need 
by 66%, primary energy need by 50% and CO2 emissions by 42%.  

  

 

Figure 106 Energy results of all the measures 

Results are comparable between case a and b. Embodied energy for predicted measures was assessed in 
D3.3. 

 

7.6  Greek Demonstrators 

Case a 

The current state of the demonstrator is shown in Figure 107. Analytically it shows the end-use of the final 
energy need values of the base state of the building, referred to the net conditioned building area (≈98 m2). 
The most energy demanding service is the one for heating. The total annual primary energy need is about 
157 kWh/m2y. The CO2 emissions (table 51) calculated are equal to 49 kg/m2y. 
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Figure 107 Annual final energy needs of the base case (pre retrofit) 

Net heated area 98.01 [m2] 

Conversion Factor 0.418 [-] 

Emission factor of CO21 for the oil 0.316 [kgCO2/kWhoil] 

Emission factor of CO2 (kg/kWh) for the electricity 0.727 kgCO2/kWhel] 

Primary energy need 156.5 kWh/m2 y 

CO2 Emissions 48.8 [kgCO2/m2] 

Table 42 Results for the base case 

The technical specifications and the operation of the RES, specifically the PVs, are shown in the table 52. 

TECHNICAL SPECIFICATION 

Photovoltaic Plant 

Cell type Crystalline silicon cells 

Orientation  south-east 

Tilt angle  35° 

N. modules min 4 - max 8 

Total PV area min 8 m2 - max 16 m2 

Maximum total power min 1.00 kWp – max 2.00 kWp 

Inverter efficiency 98% 

Table 43 Technical specifications of PV plants 

Modules with crystalline silicon cells have been chosen, with a cell efficiency value equal to 17%. In the figure 
108 the model rendering is shown based on a possible configuration of the PVs. Figure 109 presents the 3 
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possibilities for the PV installation considering the actual configuration of the roof terrace of the 
demonstrator. The final decision will be taken after considering the cost analysis assessment.  

 

 

Figure 108 Model rendering with photovoltaic system 

  

Figure 109 Three possibilities for the installation of PVs on the roof 

  

Case b 

For the current state of the demonstrator, in Figure 110 the end-use of the final energy need is presented, 
referred to as the net conditioned building area (≈92 m2). Considering that the average value of electric 
efficiency of the Greek conversion system is equal to 0.418, the total annual primary energy need is about 
357 kWh/m2y. The most energy demanding service is the one for heating. The CO2 emissions (Table 53) are 
calculated and are equal to 111 kg CO2/m2y. 
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Figure 110 Final energy need (base case) 

Net heating area 92.05 [m2] 

Conversion Factor 0.418 [-] 

Emission factor of CO2 (kg/kWh) for the oil 0.316 [kg/kWh] 

Emission factor of CO2 (kg/kWh) for the electricity 0.727 kgCO2/kWh] 

Primary energy need 357.23 kWh/m2y 

CO2 Emissions 111.46 [kg/m2] 

Table 44 Summary data (base case) 

 

Table 44 presents the U-values alteration for both the perimeter walls and for the roof. 

 

External wall Roof 

Without insulation With insulation Without insulation With insulation 

U-Value U-Value U-Value U-Value 

W/m2K W/m2K W/m2K W/m2K 

0.975 0.364 2.093 0.447 

Table 45 Changes in U-values after the application of circular insulation material 

 

The materials used in the LCA calculations, together with their amount are found in Table 45.  
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Table 46 Materials used for the LCA of the conventional house. Life cycle inventory of the materials and their amount used 

 

The impact assessment on endpoint level is presented below (Figure 111) and depicts the 
contribution of each material used to several environmental indicators. From the graph it is obvious 
that the material with the highest environmental impacts, clay brick (depicted in green) as well as 
the second most damaging material, the aluminium (depicted in light green) has found to have the 
highest impacts, during its construction phase, in the following categories (following the order of 
significance): fossil fuel depletion, climate change impacts, particulate matter formulation, metal 
depletion and human toxicity. Most materials follow the same path regarding their highest 
environmental impacts per indicators. 
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Figure 111 Impact assessment of each individual material for the construction of the conventional house with weighting indicators 
per impact category 

 

 

 

 

 

 

 

 

 

 

 

 
i Expensive reporting about the design can be found in report D2.2 

 


