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Executive summary 

 

This report contains the methodology and steps used to design at least three renovation packages for the 

pilot site, that has been described previously in the baseline definition. 

To carry out them, all the following elements have been taken into account:  

 Baseline descriptions from Task 2.1 

 Library of SOTA renovation options from WP1 

 Innovative scan from WP1 

 Requirements of building owner 

 Knowledge and previous experiences of Exeleria, Chalmers and 3C-Pre 

 

The three renovation packages proposed, following the DREEAM aim, should achieve a reduction of 75% of 

the primary energy of the building in a cost-efficient way, taking into account the implementation of 

renewable energy systems and the increment of the renovation scope to multiple buildings. The nZEB (nearly 

Zero-Energy Building) state of art boundaries have been applied in this task to reach the energy savings goals.  

The results will be presented to the building owner, who will decide one concept between all the proposed. 

The results obtained are: 
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Padiham: 

For the set of dwellings both electricity and gas & electricity supplied have been analysed many 

different solutions that include heat pumps (air-air and air-water), condensing gas boiler, and night 

storage units. Solar photovoltaic systems as main source of renewable energy. A ventilation system to 

solve the problem of moistures have been also included for all the concepts. More detailed 

information of each concept can be found in section “renovation concepts”. 

For this pilot site, two different analysis methods are considered depending on the starting point for 

the calculations, that are: 

Analysis 1: starting in a renovation of the envelope and the main energy source to calculate the 

dimension of a PV system to reach a 75% of energy saving. 

Analysis 2: starting with the biggest PV system as possible and a renovation of the main energy source 

to calculate the actions in the envelope required to reach a 75% of energy saving. 

 

Analysis 1: 
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Analysis 2: 
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Treviso: 

Most of the cases count with a deep envelope renovation to reduce as much as possible the heating 

losses in the buildings. The substitution of the current boiler for a new condensing one or the 

installation of air-water heat pumps have been considered  All the concepts have a ventilation system 

with heat recovery as a request from ATER. Solar thermal and photovoltaic as renewable energy are 

also included in the concepts. More detailed information of each concept can be found in section 

“renovation concepts”. 
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Landskrona: 

Due to the good primary energy factor of the current District Heating system in Landskrona, there are 

no changes in the heating and DHW production. Therefore, the concepts proposed are focused in an 

improvement of the envelope and in the production of electricity by renewable energy, that in this 

case, photovoltaic the most suitable. More detailed information of each concept can be found in 

section “renovation concepts”. 
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1 Qualitative concept ideas (Padiham) 

1.1 Introduction 

To elaborate the renovation concepts, a brainstorming between Exeleria, Chalmers an 3C-Pre has been 

made. On it, each part contributed to develop an overview of different solutions that can be applied 

in the pilot site. 

The different solutions involve the following elements: 

 Envelope: 

o Wall 

o Roof 

o Floor 

o Roof 

o Window 

 Ventilation 

 Heating system 

 Renewable energy 

 ESCO 

An analysis of the advantages, disadvantages and possible innovations has been made. To have an idea 

of the impact of every solution proposed exeleria has calculated how affect them to the primary energy 

in the pilot site using the same energy simulation tool as in the baseline analysis. 

 

1.2 Design of the renovation concepts 

Once an scheme of different solutions has been designed, the next step is to mix them to create a 

renovation concept. 

The proposed renovation concepts have been designed with the combination of one solution for each 

element: walls, ventilation, heating, etc. 

The following figure represents the steps made to obtain a final solution: 
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Figure 1 List of renovation concepts
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It can be possible that a renovation concept can be split having a different solution for the same 

element and the rest are identical.  

After the renovation concepts have been defined, they have been presented to de building owners, 

who have made modifications according to their desires. 
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2 Assumptions (Padiham) 

There are some factors to take into consideration when deciding to make an analysis of the renovation. 

These factors are: price of energy, primary energy factors and the emissions of carbon dioxide. 

These factors vary in each pilot site due to many reasons like the market prices of the energy suppliers, 

government policies, the energy mix of the country which affects to the primary energy factor and the 

emission of carbon dioxide.  

2.1 Price of energy 

The dwellings are supplied by two different energy sources: electricity and gas. 

The prices of them have been obtained from the bills provided by the tenants: 

 Electricity (day): 0,203 €/kWh 

 Electricity (night): 0,086 €/kWh 

 Gas: 0,053 €/kWh 

According to the energy policies in UK it is possible to export the electricity generated by a renewable 

energy system and obtain not only a price for the energy injected in the grid, also for the 100% of the 

energy generated by the system. 

 Generation: 0,0464 €/kWh 

 Export: 0,053 €/kWh  

 

2.2 Primary energy factors 

The final energy only reflects the consumption. Therefore, it is necessary to convert it to primary 

energy which encompass the energy in its different steps that are: production, storage, transport and 

consumption. 

These values have been obtained by euroheat.org and are: 

 Electricity: 2,0 

 Natural gas: 1,0 
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2.3 Carbon dioxide emission 

The environmental aspect of the renovation it is focused in de carbon dioxide. Apart from the energy 

savings in a renovation is also important the reduction in the carbon dioxide emissions due to the 

reduction of the primary energy of the building. 

The values used are: 

 Electricity: 0,420 kgC02/kWh 

 Natural gas: 0,230 kgC02/kWh 
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3 Renovation concepts (Padiham) 

According to the energy source in the dwellings we can have on one side 100% electricity dwellings and 
electricity and gas on the other. Therefore, that makes that not every solution can be suitable for all the 
dwellings. 
 
In the next section we can see a brief description of each concept: 
 

3.1 Concept 1 

Suitable for 100% electricity and electricity & gas dwelling. 
 
 Envelope: Insufflating the air cavity with PUR and internal aerogel wall insulation, MW for the roof and 

XPS for the floor (when possible). Triple-glazed windows. 

 

Figure 2 New insulation 

The new U-Values obtained are: 

Element Current U-Value  
(W/m2K) 

Proposed U-Value) 
(W/m2K) 

External walls 1,20 0,26 

Roof 0,58 0,19 

Ground floor 3,87 0,32 

Windows 2,80 1,20 

 

The insulation of the floor is only feasible in the dwellings where it is faced against outside air: 

 Heating and DHW by an air-water heat pump with an output of 10 kW with storage tank of 200L. The 

efficiency of the heat pump is 3,4. 
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Figure 3 Air-water heat pump 

 Ventilation: mechanical extract ventilation system. Includes demand control and CO2 and humidity 

sensors. Possibility of different programs: eco, night, etc. 

 

Figure 4 Extract ventilation system 

 Renewable energy: Photovoltaic integrated in the roof. 

 

Figure 5 PV system 

For the case of 100% electricity dwelling the terminal units must be changed and pipes installed. 
 

3.2 Concept 2 

Suitable for 100% electricity and electricity & gas dwelling. 
 
 Envelope: Same as in concept 1. 
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 Heating and DHW by a gas condensing boiler with storage tank. The efficiency of the boiler is close to 

98%. 

 

Figure 6 Condensing boiler 

 Ventilation: mechanical extract ventilation system. Includes demand control and CO2 and humidity 

sensors. Possibility of different programs: eco, night, etc. 

 Renewable energy: Photovoltaic integrated in the roof. 

For the case of 100% electricity dwelling the terminal units must be changed and pipes installed. 
 

3.3 Concept 3 

Suitable for 100% electricity dwelling. 
 
 Envelope: Same as in concept 1. 

 Heating by night storage units. Compatible with two-period off peak electric tariff in a single 24-hour 

interval. 

 

Figure 7 Night storage unit 

 DHW by an electric boiler. 
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 Ventilation: mechanical extract ventilation system. Includes demand control and CO2 and humidity 

sensors. Possibility of different programs: eco, night, etc. 

 Renewable energy: Photovoltaic integrated in the roof. 

 

3.4 Concept 4 

Suitable for 100% electricity dwelling. 
 
 Envelope: Same as in concept 1. 

 Heating by air-air heat pumps. The efficiency of the heat pump is 4,3. 

 

Figure 8 Air-air heat pump 

 DHW by an electric boiler. 

 Ventilation: mechanical extract ventilation system. Includes demand control and CO2 and humidity 

sensors. Possibility of different programs: eco, night, etc. 

 Renewable energy: Photovoltaic integrated in the roof. 

 

3.5 Concept 5 

Suitable for 100% electricity dwelling. 
 
 Envelope: Adding EPS in external walls and MW for the roof. Triple-glazed windows. 

 

 

Figure 9 New insulation 
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The new U-Values obtained are: 

Element Current U-Value  
(W/m2K) 

Proposed U-Value) 
(W/m2K) 

External walls 1,20 0,29 

Roof 0,58 0,11 

Ground floor 3,87 = 

Windows 2,80 1,20 

 

 Heating by night storage units. Compatible with two-period off peak electric tariff in a single 24-hour 

interval. 

 DHW by an electric boiler. 

 Ventilation: individual ventilation system with heat recovery for each room. 

 

Figure 10 Ventilation system 

 Renewable energy: 3 kWp photovoltaic integrated in the roof. 

 

3.6 Concept 6 

Suitable for electricity & gas dwelling 
 

 Envelope: Same as in concept 5. 

 Heating and DHW by a gas condensing boiler with storage tank. The efficiency of the boiler is close to 

98%. 

 Ventilation: individual ventilation system with heat recovery for each room. 

 Renewable energy: 3 kWp photovoltaic integrated in the roof. 
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4 Results (Padiham) 

With the help of the simulation tool used in the baseline to analyse the energy consumption of the pilot site, 
all the renovation concepts proposed have been simulated in order to study the energy savings of each 
solution. An analysis of sensitivity has been made using the same procedure as in the baseline description 
with the parameters that can differ, resulting in different ranges. 
 
In this case, two different analysis methods have been applied: 
 
 Analysis 1: The starting point is a full renovation of the envelope, the energy source for the heating and 

DHW and ventilation system. In case that the target of energy saving is not reached, it will be covered 

by the necessary PV system. 

 Analysis 2: In this case, the starting point is to have the maximal PV system possible and the renovation 

of the energy source for the heating and DHW and ventilation system. In case that the target of energy 

saving is not reached, it will be covered by the necessary envelope renovation. 

 

4.1 Energy savings 

For the energy savings calculation, the consumption related to lighting and appliances have not been taken 

into account. To establish energy saving measures in this consumption is a tricky issue due to a factors like 

the high amount of devices, the variety of efficiency of the devices, the user’s behaviour of them, etc. 

Therefore, it cannot be taken into account for the DREEAM Project. 

 
The following tables reflect briefly the energy saving obtained in each analysis method: 
 

4.1.1 Analysis 1 

Concept Primary energy (kWh/year) PV prod. (kWh/year) Energy 
savings 

 Before After   

Concept 1: elec. 23.394 2.352 - 2.554 - 89 - 90 % 

Concept 1: elec.&gas 25.404 3.124 - 3.366 - 87 - 88 % 

Concept 2: elec. 23.394 5.849 - 6.664 1.179 71 - 75 % 

Concept 2: elec.&gas 25.404 6.338 - 7.347 1.778 71 - 75 % 

Concept 3 23.394 5.896 - 7.052 3.275 70 - 75 % 

Concept 4 23.394 5.774 - 6.150 2.456 73 - 75 % 
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Figure 11 Primary energy overview 

 

4.1.2 Concept 1: elec. A1 

Concept 1  
elec 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 7.335 505 - 606 14.670 1.010 - 1.212 92 - 93 
% 

DHW 4.362 561 8.714 1.122 87 % 

Ventilation - 110 - 220 - 

Total 11.697 1.176 - 1.277 23.394 2.352 - 2.554 89 - 90 
% 

4.1.3 Concept 1: elec.&gas A1 

Concept 1 
Elec&gas 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 14.331 715 - 836 15.764 1.430 - 1672 89 - 91 
% 

DHW 4.820 622 9.640 1.244 87 % 

Ventilation - 225 - 450 - 

Total 19.151 1.562 - 1.683 25.404 3.124 - 3.366 87 - 88 
% 

 

4.1.4 Concept 2: elec. A1 

Concept 2 
elec 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 7.335 3.112 - 3.853 14.670 3.423 - 4.238 71 - 77 
% 



  

 

 

27 / 85  

 

DHW 4.362 4.140 8.714 4.554 48 % 

Ventilation - 115 - 230 - 

PV - -1.179  -2.358 - 

Total 11.697 6.188 – 6.929 23.394 5.849 – 
6.664 

71 - 75 
% 

 

4.1.5 Concept 2: elec.&gas A1 

Concept 2 
Elec&gas 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 14.331 4.007 - 4.925 15.764 4.408 - 5.418 66 - 72 
% 

DHW 4.820 4.578 9.640 5.036 48 % 

Ventilation - 225 - 450 - 

PV - -1.778 - -3.556 - 

Total 19.151 7.032 - 7.950 25.404 6.338 - 7.347 71 - 75 
% 

 

4.1.6 Concept 3: elec. A1 

Concept 3 
elec 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 7.335 1.746 - 2.324 14.670 3.492 - 4.648 68 - 76 
% 

DHW 4.362 4.362 8.724 8.724 0 % 

Ventilation - 115 - 230 - 

PV - -3.275 - -6.550 - 

Total 11.697 2.948 - 3.526 23.394 5.896 - 7.052 70 - 75 
% 

 

4.1.7 Concept 4: elec. A1 

Concept 4 
elec 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 7.335 703 - 891 14.670 1.406 - 1.782 76 - 88 
% 

DHW 4.362 4.362 8.724 8.724 0 % 

Ventilation - 278 - 556 - 

PV - -2.456 - -4.912 - 

Total 11.697 2.887 - 3.075 23.394 5.774 - 6.150 73 - 75 
% 
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4.1.8 Analysis 2 

Concept Primary energy (kWh/year) Envelope renovation Energy 
savings 

 Before After   

Concept 1: elec. 23.394 -4.296 - (-
4.656) 

No > 100 % 

Concept 1: elec.&gas 25.404 -1.788 - (-
2.410) 

No > 100 % 

Concept 2: elec. 23.394 3.597 - 5.138 No 78 - 85 % 

Concept 2: elec.&gas 25.404 3.301 - 3.973 Yes/Partial 85 - 87 % 

Concept 3 23.394 4.984 - 5.728 Yes/Partial 76 - 79 % 

Concept 4 23.394 4.330 - 4.974 No 79 - 81 % 

Concept 5 29.464 7.584 - 9.772 Yes 67 - 74 % 

Concept 6 25.404 6.715 - 7.893 Yes 69 - 74 % 

 

 

Figure 12 Primary energy overview 

 

4.1.9 Concept 1: elec. A2 

Concept 1  
elec 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 7.335 1.076 - 1.256 14.670 2.152 - 2.512 83 - 85 
% 

DHW 4.362 561 8.714 1.122 87 % 

Ventilation - 185 - 370 - 

PV  -4.150  -8.300 - 

Total 11.697 -2.148 - (-
2.328) 

23.394 -4.296 - (-4.656) > 100 % 
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4.1.10 Concept 1: elec.&gas A2 

Concept 1 
Elec&gas 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 14.331 1.509 - 1.820 15.764 3.018 - 3.640 77 - 81 % 

DHW 4.820 622 9.640 1.244 87 % 

Ventilation - 484 - 968 - 

PV - -3.820 - -7.640 - 

Total 19.151 -894 - (-1.205) 25.404 -1.788 - (-2.410) > 100% 

 

4.1.11 Concept 2: elec. A2 

Concept 1  
elec 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 7.335 6.335 - 7.736 14.670 6.969 - 8.510 42 - 52 
% 

DHW 4.362 4.140 8.714 4.554 48 % 

Ventilation - 185 - 370 - 

PV  -4.150  -8.300 - 

Total 11.697 6.512 - 7.913 23.394 3.597 - 5.138 78 - 85 
% 

 

4.1.12 Concept 2: elec.&gas A2 

Concept 2 
Elec&gas 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 14.331 4.959 - 5.570 15.764 5.455 - 6.127 62 - 65 
% 

DHW 4.820 4.578 9.640 5.036 48 % 

Ventilation - 225 - 450 - 

PV - -3.820 - -7.640 - 

Total 19.151 5.942 - 6.553 25.404 3.301 - 3.973 85 - 87 
% 

 

4.1.13 Concept 3 A2 

Concept 3  
elec 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 7.335 2.167 - 2.539 14.670 4.334 - 5.078 65 - 70 
% 

DHW 4.362 4.362 8.714 8.724 0 % 
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Ventilation - 113 - 226 - 

PV  -4.150  -8.300 - 

Total 11.697 2.492 - 2.864 23.394 4.984 - 5.728 76 - 79 
% 

 

4.1.14 Concept 4 A2 

Concept 4 
 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 7.335 1.418 - 1.740 14.670 2.836 - 3.480 76 - 81 
% 

DHW 4.362 4.362 8.714 8.724 0 % 

Ventilation - 535 - 1.070 - 

PV  -4.150  -8.300 - 

Total 11.697 2.165 - 2.487 23.394 4.330 - 4.974 79 - 81 
% 

 

4.1.15 Concept 5 

Concept 5  
 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 9.960 2.929 - 4.023 19.920 5.858 - 8.046 60 - 71 
% 

DHW 4.772 2.777 9.544 5.554 42 % 

Ventilation - 581 - 1.162 - 

PV - -2.495 - -4.990 - 

Total 14.732 3.792 - 4.886 29.464 7.584 - 9.772 67 - 74 
% 

 

4.1.16 Concept 6 

Concept 6 
 

Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 14.331 5.009 - 6.080 15.764 5.510 - 6.688 58 - 65 
% 

DHW 4.820 4.578 9.640 5.036 48 % 

Ventilation - 579 - 1.158 - 

PV - -2.495 - -4.990 - 

Total 19.151 7.672 - 8.743 25.404 6.715 - 7.893 69 - 74 
% 
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4.2 Economic study 

Another important aspect in a renovation is the economical one. The following tables reflect the amount of 
money saved and the investment necessary to implement each concept. With these two values, the payback 
period can be calculated to check the profitability of the investment. 
 

4.2.1 Analysis 1 

Concept Saved (€) Investment (€) Payback (years) 

Concept 1: elec. 885 - 905 18.948,3 20,9 - 21,4 

Concept 1: elec.&gas 872 - 897 23.482,7 26,2 - 26,9 

Concept 2: elec. 883 - 923 19.494,2 21,1 - 22,1 

Concept 2: elec.&gas 946 - 995 25.120,6 25,3 - 26,5 

Concept 3 930 - 979 19.749,7 20,2 - 21,2 

Concept 4 937 - 975 18.787,3 19,3 - 20,1 

 

 

Figure 13 Economic savings overview 

 

4.2.2 Concept 1: elec. A1 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Insufl. + aerogel 110 €/m2 39 m2 4.265,3 

Roof 12 cm MW 8,3 €/m2 47,5 m2 391,4 

Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6 

Windows New windows 1,2 W/m2K 449,5 €/m2 5,9 m2 2.652,1 

Energy source Air-water hp 6.525 € 1 6.525,0 

Ventilation Mech. ventilation 2.057,7 € 1 2.057,7 

Total    18.948,3 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.623,8 718,2 - 739,3 884,5 - 905,0 18.948,3 20,9 - 21,4 
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4.2.3 Concept 1: elec.&gas A1 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Insufl. + aerogel 110 €/m2 93,6 m2 10.237,0 

Roof 12 cm MW 8,3 €/m2 40,4 m2 332,9 

Windows New windows 1,2 W/m2K 449,5 €/m2 12,4 m2 5.573,9 

Energy source Air-water hp 4.025 € 1 4.025,0 

Ventilation Mech. ventilation 3.313,8 € 1 3.313,8 

Total    23,482,7 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.890,8 994,1 - 1.018,7 872,1 - 896,7 23.482,7 26,2 - 26,9 

 
 

4.2.4 Concept 2: elec. A1 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Insufl. + aerogel 110 €/m2 39 m2 4.265,3 

Roof 12 cm MW 8,3 €/m2 47,5 m2 391,4 

Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6 

Windows New windows 1,2 W/m2K 449,5 €/m2 5,9 m2 2.652,1 

Energy source Cond. boiler 4.886,9 € 1 4.886,9 

Ventilation Mech. ventilation 2.057,7 € 1 2.057,7 

PV 1,4 kWp 2.184,0 € 1 2.184,0 

Total    19.494,2 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.623,8 701,3 - 740,7 883,1 - 922,5 19.494,2 21,1 - 22,1 
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4.2.5 Concept 2: elec.&gas A1 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Insufl. + aerogel 110 €/m2 93,6 m2 10.237,0 

Roof 12 cm MW 8,3 €/m2 40,4 m2 332,9 

Windows New windows 1,2 W/m2K 449,5 €/m2 12,4 m2 5.573,9 

Energy source Cond.boiler 2.386,9 € 1 2.386,9 

Ventilation Mech. ventilation 3.313,8 € 1 3.313,8 

PV 2,1 kWp 3.276 €  3.276,0 

Total    25.120,6 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.890,8 896,0 - 944,8 946,0 - 994,8 25.120,6 25,3 - 26,5 

 
 

4.2.6 Concept 3: elec. A1 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Insufl. + aerogel 110 €/m2 39 m2 4.265,3 

Roof 12 cm MW 8,3 €/m2 47,5 m2 391,4 

Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6 

Windows New windows 1,2 W/m2K 449,5 €/m2 5,9 m2 2.652,1 

Energy source Night storage units 1.242,4 € 1 1.242,4 

Ventilation Mech. ventilation 2.057,7 € 1 2.057,7 

PV 3,9 kWp 6.084,0 € 1 6.084,0 

Total    19.749,7 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.623,8 644,5 - 694,2 929,6 - 979,3 19.749,7 20,2 - 21,2 

 
 

4.2.7 Concept 4: elec. A1 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Insufl. + aerogel 110 €/m2 39 m2 4.265,3 

Roof 12 cm MW 8,3 €/m2 47,5 m2 391,4 

Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6 

Windows New windows 1,2 W/m2K 449,5 €/m2 5,9 m2 2.652,1 

Energy source Multi split 1.840 € 1 1.840,0 

Ventilation Mech. ventilation 2.057,7 € 1 2.057,7 

PV 2,9 kWp 4.524,0 € 1 4.524,0 

Total    18.787,3 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.623,8 648,6 - 686,8 937,0 - 975,2 18.787,3 19,3 - 20,1 
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4.2.8 Analysis 2 

Concept Saved (€) Investment (€) Payback (years) 

Concept 1: elec. 1.398,8 - 1.435,4 16.382,7 11,4 - 11,7 

Concept 1: elec.&gas 1.228,7 - 1.291,8 14.514,8 11,2 - 11,8 

Concept 2: elec. 1.143,0 - 1.210,0 14.744,6 12,2 - 12,9 

Concept 2: elec.&gas 1.237,1 - 1.269,6 21.907,0 17,2 - 17,7 

Concept 3 1.051,0 - 1.083,0 18.560,1 17,1 - 17,6 

Concept 4 830,5 - 895,9 11.697,7 13,1 - 14,1 

Concept 5 1.024,9 - 1.119,0 26.191,0 23,4 - 25,5 

Concept 6 926,9 - 983,9 23.000,0 23,4 - 24,8 

 

 

Figure 14 Economic savings overview 

 

4.2.9 Concept 1: elec. A2 

Item Description Cost/measure unit Units Total cost (€) 

Energy source Air-water hp 6.525 € 1 6.525,0 

Ventilation Mech. ventilation 2.057,7 € 1 2.057,7 

PV 5 kWp 7.800 € 1 7.800 

Total    16.382,7 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.623,8 188,5 - 225,0 1.398,8 - 1.435,4 16.382,7 11,4-11,7 

 
 

4.2.10 Concept 1: elec.&gas A2 

Item Description Cost/measure unit Units Total cost (€) 

Energy source Air-water hp 4.025 € 1 4.025 

Ventilation Mech. ventilation 3.313,8 € 1 3.313,8 

PV 4,6 kWp 7.176 € 1 7.176 

Total    14.514,8 
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Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.890,8 598,9 - 662,1 1.228,7 - 1.291,8 14.514,8 11,2-11,8 

 
 

4.2.11 Concept 2: elec. A2 

Item Description Cost/measure unit Units Total cost (€) 

Energy source Cond. boiler 4.886,9 € 1 4.886,9 

Ventilation Mech. ventilation 2.057,7 € 1 2.057,7 

PV 5 kWp 7.800 € 1 7.800 

Total    14.744,6 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.623,8 413,8 - 480,3 1.143 - 1.210 14.744,6 12,2 - 12,9 

 
 

4.2.12 Concept 2: elec.&gas A2 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Insufl. 33,4 €/m2 93,6 m2 3.123,4 

Roof 12 cm MW 8,3 €/m2 40,4 m2 332,9 

Windows New windows 1,2 W/m2K 449,5 €/m2 12,4 m2 5.573,9 

Energy source Cond.boiler 2.386,9 € 1 2.386,9 

Ventilation Mech. ventilation 3.313,8 € 1 3.313,8 

PV 4,6 kWp 3.276 €  7.176,0 

Total    21.907 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.890,8 621,1 - 653,6 1.237,1 - 1.269,6 21.907 17,2 - 17,7 

 
 

4.2.13 Concept 3: elec. A2 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Insufl. 33,4 €/m2 39 m2 1.301,4 

Roof 15 cm MW 9,5 €/m2 47,5 m2 449,8 

Floor 10 cm XPS 64,4 €/m2 47,5 m2 3.056,6 

Windows New windows 1,2 W/m2K 449,5 €/m2 5,9 m2 2.652,1 

Energy source Night storage units 1.242,4 € 1 1.242,4 

Ventilation Mech. ventilation 2.057,7 € 1 2.057,7 

PV 5 kWp 7.800 € 1 7.800,0 

Total    19.749,7 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.623,8 540,8 - 572,8 1.051,0 - 1.083,0 18.560,1 17,1 - 17,6 
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4.2.14 Concept 4: elec. A2 

Item  Description Cost/measure unit Units Total cost (€) 

Energy source Multi split 1.840 € 1 1.840,0 

Ventilation Mech. ventilation 2.057,7 € 1 2.057,7 

PV 5 kWp 7.800,0 € 1 7.800,0 

Total    11.697,7 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.623,8 728,0 - 793,3 830,5 - 895,9 11.697,7 13,1 - 14,1 

 

4.2.15 Concept 5 

Item  Description Cost/measure unit Units Total cost (€) 

Energy source Stor.heaters +DHH tank 6.889 € 1 6.889,0 

Envelope Insult.+vent. 10.322,8 € 1 10.322,8 

PV 3 kWp 8.028,0 € 1 8.028 

Total    26.191,0 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

2.254,7 1.135,7 - 1.229,7 1.024,9 - 1.119,0 26.191,0 23,4 - 25,5 
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4.2.16 Concept 6 

Item  Description Cost/measure unit Units Total cost (€) 

Energy source Cond.boiler 3.698 € 1 3.698,0 

Envelope Insult.+vent. 10.322,8 € 1 10.322,8 

PV 3 kWp 8.028,0 € 1 8.028 

Total    23.000,0 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

1.890,8 906,9 - 963,9 926,9 - 983,9 23.000,0 23,4 - 24,8 
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4.3 Environmental study 

The purpose of this assessment is to identify the impact produced in the Environment by each renovation 
concept. For it, the equivalent carbon dioxide saved due to the application of each concept has been 
calculated: 
 

4.3.1 Analysis 1 

Concept Electricity Gas Total 

 (kWh) (tCO2eq) (kWh) (tCO2eq) (tCO2eq) 

Concept 1: elec. 10.420 - 10.521 4,38 - 4,42 - - 4,38 - 4,42 

Concept 1: elec.&gas -260,6 - (-381,6) -0,11 - (-0,16) 17.849,6 4,11 3,95 - 4,00 

Concept 2: elec. 
12.053,6 5,06 -7.252,0 - (7.993,0) 

-1,67 - (-
1,84) 

3,22 - 3,39 

Concept 2: elec.&gas 1.787,6 0,75 8.346,6 - 9.264,6 1,92 - 2,13 2,67 - 2,88 

Concept 3 6.206,0 - 6.784,0 2,61 - 2,85 - - 2,61 - 2,85 

Concept 4 7.897,4 - 8.085,4 3,20 - 3,40 - - 3,32 - 3,40 

 

 

Figure 15 CO2 emissions overview 

 

4.3.2 Analysis 2 

Concept Electricity Gas Total 

 (kWh) (tCO2eq) (kWh) (tCO2eq) (tCO2eq) 

Concept 1: elec. 11.355,0 - 11.535,0 4,77-4,84 - - 4,77 - 4,84 

Concept 1: elec.&gas -96,6 - (-214,4) -0,04-0,09 17.849,6 4,11 4,06 - 4,20 

Concept 2: elec. 13.170,0 5,53 -10.475,0 - (-11.724,0) -2,41 - (-2,70) 2,83 - 3,12 

Concept 2: elec.&gas 2.604,4 1,09 7.701,6 - 8.312,6 1,77 - 1,91 2,86 - 3,01 

Concept 3 6.343,0 - 6.715,0 2,66-2,82 - - 2,66 - 2,82 

Concept 4 6.720,0 - 7.042,0 2,82-2,96 - - 2,82 - 2,96 

Concept 5 8.349,0 - 9.066,0 3,51-3,81 - - 3,51 - 3,81 

Concept 6 1.720,4 0,72 7.190,6 - 7.356,6 1,65 - 1,69 2,38 - 2,41 
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Figure 16 CO2 emissions overview 
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5 Conclusions (Padiham) 

The initial situation of the pilot sites, in which the energy consumption is very high, allows to obtain 

the energy savings targeted easily.  

In few concepts, the envelope renovation can be covered only by insufflating the air cavity, which 

makes it simple, adding an extra layer of insulation in the roof and in other cases with the substitution 

of the windows, that will correct the thermal bridges observed in the baseline. The new energy systems 

will reduce the consumption significantly due to the higher efficiency compared with the current 

systems. The addiction of the ventilation system will improve the comfort of the tenants. Due to the 

orientation of the roofs it is possible to add an important photovoltaic surface to reach the goal of the 

energy savings in the concepts which require it. 

Due to the high price of the electricity, the analysis 2 is more convenient. To get the most of a 

photovoltaic system implies an important reduction for the tenants in their electric bills. The payback 

period obtained make it a reasonable renovation. The variation in the payback period produced by the 

modification of the parameters in the analysis of sensitivity is very small, around less than 2 years in 

both of the analysis calculated. 

In connection with the reduction of carbon dioxide emissions, the concept number one obtains the 

highest reduction both for the case of 100% electric and electric & gas dwelling. 



  

 

 

41 / 85  

 

  

Treviso (IT)  

Pilot site 

 



  

 

 

42 / 85  

 

6 Qualitative concept ideas (Treviso) 

6.1 Introduction 

To elaborate the renovation concepts, a brainstorming between Exeleria, Chalmers an 3C-Pre has been 

made. On it, each part contributed to develop an overview of different solutions that can be applied 

in the pilot site. 

The different solutions involve the following elements: 

 Envelope: 

o Wall 

o Roof 

o Floor 

o Roof 

o Window 

 Ventilation 

 Heating system 

 Renewable energy 

 ESCO 

An analysis of the advantages, disadvantages and possible innovations has been made. To have an idea 

of the impact of every solution proposed exeleria has calculated how affect them to the primary energy 

in the pilot site using the same energy simulation tool as in the baseline analysis. 

 

6.2 Design of the renovation concepts 

Once an scheme of different solutions has been designed, the next step is to mix them to create a 

renovation concept. 

The proposed renovation concepts have been designed with the combination of one solution for each 

element: walls, ventilation, heating, etc. 

The following figure represents the steps made to obtain a final solution: 
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Figure 17 List of renovation concepts
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It can be possible that a renovation concept can be split having a different solution for the same 

element and the rest are identical.  

After the renovation concepts have been defined, they have been presented to de building owners, 

who have made modifications according to their desires. 
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7 Assumptions (Treviso) 

There are some factors to take into consideration when deciding to make an analysis of the renovation. 

These factors are: price of energy, primary energy factors and the emissions of carbon dioxide. 

These factors vary in each pilot site due to many reasons like the market prices of the energy suppliers, 

government policies, the energy mix of the country which affects to the primary energy factor and the 

emission of carbon dioxide.  

7.1 Price of energy 

The dwellings are supplied by two different energy sources: electricity and gas. 

The prices of them have been obtained from the bills provided by the tenants, taking the most recently 

one: 

 Electricity (day): 0,21 €/kWh 

 Gas: 0,08 €/kWh 

The tariffs for generation and export of the electricity generated by a renewable energy system is not 

considered in the proposed options due to the legal impediment for ATER Treviso to sell electricity. 

 

7.2 Primary energy factors 

The final energy only reflects the consumption. Therefore, it is necessary to convert it to primary 

energy which encompass the energy in its different steps that are: production, storage, transport and 

consumption. 

These values, obtained by DGR 967/2015 and DGR 1275/2015, are: 

 Electricity: 2,42 

 Natural gas: 1,05 

 

7.3 Carbon dioxide emission 

The environmental aspect of the renovation it is focused in de carbon dioxide. Apart from the energy 

savings in a renovation is also important the reduction in the carbon dioxide emissions due to the 

reduction of the primary energy of the building. 

These values, obtained by DGR 967/2015 and DGR 1275/2015, are: 

 Electricity: 0,4332 kgC02/kWh 

 Natural gas: 0,1998 kgC02/kWh 
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8 Renovation concepts (Treviso) 

The renovation concepts proposed are focused in the improvement of the envelope both of the heating and 
domestic hot water efficiency. All of the concepts have mechanical ventilation system with heating recovery. 
 
In the next section we can see a brief description of each concept: 
 

8.1 Concept 1 

 Envelope: External wall insulation system, adding 160 mm of EPS and for the case of the wall with 

radiators 10 mm of aerogel in the internal side. For the roof, 200 mm of rock wool in the part against 

the unheated room and 80 mm of XPS in the boundary of the roof. For the floor 200 mm XPS. Triple-

glazed windows. 

 

 

Figure 18 Insulation concept 1 

The new U-Values obtained are: 

Element Current U-Value  
(W/m2K) 

Proposed U-Value) 
(W/m2K) 

External walls 0,99 0,18/0,16 

Roof 1,06 0,18/0,31 

Ground floor 1,00 0,26 

Windows 2,34 1,10 

 

 Heating and DHW by a condensing boiler with storage tank. The seasonal efficiency of the boiler is close 

to 97%. 
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Figure 19 Condensing boiler 

 Ventilation: mechanical ventilation system with heating recovery. The average efficiency is up to 75% 

on temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a LCD 

display and remote control. 

 

Figure 20 Heat recovery unit 

 Renewable energy: Solar thermal system in the roof, which preheat water before the condensing boiler. 

The installation it is composed by 26 solar collectors (67,86 m2) and a centralized storage tank of 1.500 

l. The annual production of the system is 22.717 kWh. 

 

Figure 21 Solar thermal system 

That can be also combined with a photovoltaic system to benefit from the all roof surface. A installation 

of 8,5 kWp has been considered. The annual production of it is around 8.000 kWh. 
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8.2 Concept 2 

It is divided in two different alternatives according to the performance of the envelope renovation, obtaining 
in the option a very good insulation levels and option b an intermediate insulation. 
 
 Envelope:  

o Option a (High envelope performance): Ventilated façade adding 120 mm of mineral wool. For 

the roof, 200 mm of rock wool in the part against the unheated room and 80 mm of XPS in the 

boundary of the roof. For the floor 200 mm XPS. Double-glazed windows. 

 

Figure 22 Insulation concept 2a 

The new U-Values obtained are: 

Element Current U-Value  
(W/m2K) 

Proposed U-Value) 
(W/m2K) 

External walls 0,99 0,22 

Roof 1,06 0,18/0,31 

Ground floor 1,00 0,26 

Windows 2,34 1,5 

 

o Option b (Medium-high envelope performance): Ventilated façade adding 40 mm of mineral 

wool. For the roof 60 mm of rock wool and for the floor 40 mm XPS. Double-glazed windows. 

 

Figure 23 Insulation concept 2b 
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The new U-Values obtained are: 

Element Current U-Value  
(W/m2K) 

Proposed U-Value) 
(W/m2K) 

External walls 0,99 0,43 

Roof 1,06 0,36 

Ground floor 1,00 0,36 

Windows 2,34 1,7 

 

 Heating and DHW by a condensing boiler with storage tank. The efficiency of the boiler is close to 97%. 

 Ventilation: mechanical ventilation system with heating recovery. The average efficiency is 75% on 

temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a LCD display 

and remote control. 

 Renewable energy: Photovoltaic integrated in the façade as an external element of the ventilated façade 

in the walls oriented to the south. The total production of the PV system (around 13.000 kWh/year) will 

be storage in batteries. 

 

8.3 Concept 3 

 Envelope: Same as in concept 1. 

 Heating and domestic hot water by an air-water heat pump with a storage tank for the DHW. The COP 

of the system, working with an output temperature of 65 ºC is 3,08. 

 

Figure 24 Air-water heat pump 

 Ventilation: mechanical ventilation system with heating recovery. The average efficiency is 75% on 

temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a LCD display 

and remote control. 

 Renewable energy: The air-water heat pump with a high COP can be considered as renewable energy 

because a high percentage of the energy produced is taken from a renewable source (air). 
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9 Results (Treviso) 

With the help of the simulation tool used in the baseline to analyse the energy consumption of the pilot site, 
all the renovation concepts proposed have been simulated in order to study the energy savings of each 
solution. An analysis of sensitivity has been made using the same procedure as in the baseline description 
with the parameters that can differ, resulting in different ranges. 
 

9.1 Energy savings 

The following tables reflect briefly the energy saving obtained: 
 

Concept Primary energy (kWh/year) Primary energy 
savings 

 Before After  

Concept 1 159.486 1.976 - 12.494 93 - 99 % 

Concept 2a 159.486 13.708 - 26.843 83 - 91% 

Concept 2b 159.486 36.337 - 46.008 71 - 77 % 

Concept 3 159.486 31.166 - 36.739 77 - 80 % 

 

 

Figure 25 Primary energy overview 

 

For the energy savings calculation, the consumption related to lighting and appliances have not been taken 

into account. To establish energy saving measures in this consumption is a tricky issue due to a factors like 

the high amount of devices, the variety of efficiency of the devices, the user’s behaviour of them, etc. 

Therefore, it cannot be taken into account for the DREEAM Project. 
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9.1.1 Concept 1 

Concept 1 Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 130.435 15.871 - 24.515 136.957 19.858 - 25.741 81 - 86 % 

DHW 21.456 17.164 22.529 18.022 20 % 

Solar thermal - -17.688 - -18.572 - 

Ventilation - 2.106 - 5.054 - 

PV - -8.000 - -19.200 - 

Total 151.891 9.460 - 18.097 159.486 1.976 - 11.045 93 - 99 % 

 

9.1.2 Concept 2a 

Concept 2a Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 130.435 20.801 - 33.310 136.957 21.841- 34.976 74 - 84 % 

DHW 21.456 17.164 22.529 18.022 20 % 

PV - -13.000 - -31.200 - 

Ventilation - 2.102 - 5.045 - 

Total 151.891 27.067 - 39.576 159.486 13.708 - 26.843 83 - 91 % 

 

9.1.3 Concept 2b 

Concept 2b Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 130.435 42.352 - 51.563 136.957 44.470 - 54.141 60 - 68 % 

DHW 21.456 17.164 22.529 18.022 20 % 

PV - -13.000 - -31.200 - 

Ventilation - 2.102 - 5.045 - 

Total 151.891 48.618 - 57.829 159.486 36337 - 46.008 71 - 77 % 

 

9.1.4 Concept 3 

Concept 3 Final energy (kWh/year) Primary energy (kWh/year) Primary 
energy 
savings 

 Before After Before After  

Heating 130.435 6.691 - 9013 136.957 16.058 - 17.054 84 - 88 % 

DHW 21.456 4.189 22.529 10.054 55 % 

Ventilation - 2.106 - 5.045 - 

Total 151.891 12.986 - 15.308 159.486 31.166 - 36.739 77 - 80 % 
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9.2 Economic study 

Another important aspect in a renovation is the economical one. The following tables reflect the amount of 
money saved and the investment necessary to implement each concept. With these two values, the payback 
period can be calculated to check the profitability of the investment. 
 
 

Concept Saved (€) Investment (€) Payback (years) 

Concept 1 11.469 - 12.161 640.174 52,6 - 55,8 

Concept 2a 10.402 - 11.402 605.799 53,1 - 58,2 

Concept 2b 8.600 - 9.679 434.388 44,9 - 48,6 

Concept 3 8.937 - 9.424 681.922 72,3 - 76,3 

 

 

Figure 26 Economic savings overview 

9.2.1 Concept 1 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls 16 cm EPS 95 €/m2 1.918 m2 182.210 

 1 cm aerogel 94 €/m2 192 m2 18.048 

Roof 20 cm RW/ 8 cm XPS 16 €/m2 393 m2 6.131 

 8 cm XPS 26 €/m2 37 m2 973 

Floor 20 cm XPS 58 €/m2 343 m2 20.031 

Windows New windows 1,1 W/m2K 625 €/m2 347 m2 216.876 

Energy source Condensing boiler 3.650 € 1 65.700 

Ventilation Mech. With heat recovery 3.795 € 1 68.310 

Solar thermal 67,8 m2 36.896 € 1 36.869 

PV 43 m2 25.000 € 1 25.000 

Total    640.147 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

18.278,2 6.118 - 6.809 11.469 - 12.161 640.147 52,6 - 55,8 
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9.2.2 Concept 2a 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Vent. façade 143 €/m2 1.918 m2 274.274 

Roof 20 cm RW 16 €/m2 393 m2 6.131 

 8 cm XPS 26 €/m2 37 m2 973 

Floor 20 cm XPS 58 €/m2 343 m2 20.031 

Windows New windows 1,5 W/m2K 340 €/m2 347 m2 117.980 

Energy source Condensing boiler 3.650 € 1 65.700 

Ventilation Mech. With heat recovery 3.795 € 1 68.310 

PV system 200 m2 52.400 € 1 52.400 

Total    605.799 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

18.278,2 6.875 - 7.876 10.402 - 11.402 605.799,1 53,1 - 58,2 

 
 

9.2.3 Concept 2b 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls Vent. façade 112 €/m2 1.918 m2 214.816 

Roof 4 cm RW 8 €/m2 393 m2 3.612 

Floor 4 cm XPS 34 €/m2 343 m2 11.491 

Windows New windows 1,7 W/m2K 210 €/m2 347 m2 72.870 

Energy source Condensing boiler 1.500 € 1 27.000 

Ventilation Mech. With heat recovery 2.900 € 1 52.200 

PV system 200 m2 52.400 € 1 52.400 

Total    434.389 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

18.278,2 8.599 - 9.336 8.942 - 9.679 434.389 44,9 - 48,6 
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9.2.4 Concept 3 

Item Description Cost/measure unit Units Total cost (€) 

Ext. walls 16 cm EPS 95 €/m2 1.918 m2 182.210 

 1 cm aerogel 94 €/m2 192 m2 18.048 

Roof 20 cm RW/ 8 cm XPS 16 €/m2 393 m2 6.131 

 8 cm XPS 26 €/m2 37 m2 973 

Floor 20 cm XPS 58 €/m2 343 m2 20.031 

Windows New windows 1,1 W/m2K 625 €/m2 347 m2 216.876 

Energy source Air-water heat pump 9.408 € 18 169.344 

Ventilation Mech. With heat recovery 3.795 € 1 68.310 

Total    681.922 

 
 

Before (€) After (€) Saved (€) Investment (€) Payback (years) 

18.278,2 8.854 - 9.342 8.937 - 9.424 681.922,1 72,3 - 76,31 
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9.3 Environmental study 

The purpose of this assessment is to identify the impact produced in the Environment by each renovation 
concept. For it, the equivalent carbon dioxide saved due to the application of each concept has been 
calculated: 
 

Concept Electricity Gas Total 

 (kWh) (tCO2eq) (kWh) (tCO2eq) (tCO2eq) 

Concept 1 5.894 2,55 127.900 - 136.537 25,55 - 27,28 28,11 - 29,83 

Concept 2a 10.898 4,72 101.417 - 113.926 20,26 - 22,76 24,98 - 27,48 

Concept 2b 10.898 4,72 89.470 - 92.375 17,88 - 18,46 22,60 - 23,18 

Concept 3 -15.308 - (-12.986) -6,63 - (-5,63) 151.891 30,35 23,72 - 24,72 

 

 

Figure 27 C02 emissions overview 
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10 Conclusions (Treviso) 

The results obtained in the simulation show that in every case, the target of the energy saving is 

reached, specially concept 1, which is much higher. 

A high improvement of the envelope means an important energy saving in the heating demand. The 

installation of a photovoltaic system helps to reduce in a high quantity the primary energy. 

Unfortunately, due to the multiple orientations of the building, there is not a big wall surface oriented 

to the south.  

Another important improvement in the building is the addiction of the ventilation system with a 

heating recovery  unit. This one will reduce the heating demand at the same time improve the comfort 

of the tenants.  

All the concepts imply a good economic savings, around 550 €/year per dwelling. However, using the 

prices provided by ATER, the investment necessary is too high that make the payback period also high. 

Concept number 3 has the highest investment due to the price of the heat pump, that is more 

expensive than the condensing boiler. 

The variation in the payback period produced by the modification of the parameters in the analysis of 

sensitivity is very small, around 2 or 3 years. The reason of that is the high investment prices, which 

implies a small variation in the payback period in case of modifications. 

In connection with the reduction of carbon dioxide emissions, the concept 2a one obtains the highest 

reduction thanks to the production of the photovoltaic system. The reason of that is because the 

carbon dioxide emissions of the electricity is double higher than the gas. 
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11 Qualitative concept ideas (Landskrona) 

11.1 Introduction 

To elaborate the renovation concepts, a brainstorming between Exeleria, Chalmers an 3C-Pre has been 

made. On it, each part contributed to develop an overview of different solutions that can be applied 

in the pilot site. 

The different solutions involve the following elements: 

 Envelope: 

o Wall 

o Roof 

o Floor 

o Roof 

o Window 

 Ventilation 

 Heating system 

 Renewable energy 

 ESCO 

An analysis of the advantages, disadvantages and possible innovations has been made. To have an idea 

of the impact of every solution proposed exeleria has calculated how affect them to the primary energy 

in the pilot site using the same energy simulation tool as in the baseline analysis. 

 

11.2 Design of the renovation concepts 

Once an scheme of different solutions has been designed, the next step is to mix them to create a 

renovation concept. 

The proposed renovation concepts have been designed with the combination of one solution for each 

element: walls, ventilation, heating, etc. 

The following figure represents the steps made to obtain a final solution: 
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Figure 28 List of renovation concepts
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It can be possible that a renovation concept can be split having a different solution for the same 

element and the rest are identical.  

After the renovation concepts have been defined, they have been presented to de building owners, 

who have made modifications according to their desires. 
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12 Assumptions (Landskrona) 

There are some factors to take into consideration when deciding to make an analysis of the renovation. 

These factors are: price of energy, primary energy factors and the emissions of carbon dioxide. 

These factors vary in each pilot site due to many reasons like the market prices of the energy suppliers, 

government policies, the energy mix of the country which affects to the primary energy factor and the 

emission of carbon dioxide.  

12.1 Price of energy 

The dwellings are supplied by two different energy sources: electricity and district heating. 

The prices of them have been obtained from the bills provided by the tenants, taking the most recently 

one. In the case of the district heating, which has different price along the year: 

 Electricity (day): 0,21 €/kWh 

 Gas: 0,08 €/kWh 

According to the energy policies in Sweden it is possible to export the electricity generated by a 

renewable energy system. The price for the energy injected in the grid is: 

 Export: 0,053 €/kWh 

 

12.2 Primary energy factors 

The final energy only reflects the consumption. Therefore, it is necessary to convert it to primary 

energy which encompass the energy in its different steps that are: production, storage, transport and 

consumption. 

These values, obtained by Chalmers and Landskronaenergi, are: 

 Electricity: 2,00 

 District heating: 0,09 

 

12.3 Carbon dioxide emission 

The environmental aspect of the renovation it is focused in de carbon dioxide. Apart from the energy 

savings in a renovation is also important the reduction in the carbon dioxide emissions due to the 

reduction of the primary energy of the building. 

These values, obtained by euroheat.org and Landskronaenergi, are: 

 Electricity: 0,227 kgC02/kWh 

 Natural gas: 0,0502 kgC02/kWh 
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13 Renovation concepts (Landskrona) 

The renovation concepts proposed are focused in the improvement of the envelope and the installation of a 
PV system. For the heating and DHW there is no renovation possible due to de high efficiency of a district 
heating system. All of the concepts have mechanical ventilation system with heating recovery. 
 
In the next section we can see a brief description of each concept: 
 

13.1 Concept 1 

 Envelope: External wall insulation system, adding 100 mm of mineral wool. For the cellar walls 60 mm 

XPS. Light wall completely removed. Triple-glazed windows. Additional floor for the roof. 

 

 

Figure 29 Insulation concept 1a 

The new U-Values obtained are: 

Element Current U-Value  
(W/m2K) 

Proposed U-Value) 
(W/m2K) 

External walls (YV1) 0,59 0,22 

External walls (YV2) 0,49 0,20* 

External walls (YV3) 0,50 0,21 

Ground floor 0,40 = 

Cellar wall 1,07 0,38 

Windows 2,00 0,90 

 

*new wall 

 No action in heating and DHW by the district heating system. 

 

 Ventilation: centralized mechanical ventilation system with heating recovery. The maximum efficiency 

is 75% on temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a 

LCD display and remote control. 
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Figure 30 Centralized ventilation system 

 Renewable energy: Solar photovoltaic system in the roof. The maximum installation available is 351,3 

kWp (annual production 380.000 kWh). An installation of 30 kWp (32.500 kWh a year) will be necessary 

to reach the energy saving goal. The energy produced can be instantaneously consumed or injected to 

the grid. 

 

Figure 31 Surface available on roof for PV system 
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13.2 Concept 2 

 Envelope: Ventilated facade, adding 100 mm of mineral wool. For the cellar walls 60 mm XPS. Triple-

glazed windows. Additional floor for the roof. 

 

 

Figure 32 Insulation concept 1a 

The new U-Values obtained are: 

Element Current U-Value  
(W/m2K) 

Proposed U-Value) 
(W/m2K) 

External walls (YV1) 0,59 0,20 

External walls (YV2) 0,49 0,19 

External walls (YV3) 0,50 0,20 

Ground floor 0,40 = 

Cellar wall 1,07 0,38 

Windows 2,00 0,90 

 

 No action in heating and DHW by the district heating system. 

 

 Ventilation: centralized mechanical ventilation system with heating recovery. The maximum efficiency 

is 75% on temperature. Free-cooling possible thanks to the by-pass function. Control of the unit with a 

LCD display and remote control. 

 

 Renewable energy: Solar photovoltaic system in the south facing façade (as element of the ventilated 

façade).The required installation is 44 kWp (32.500 kWh a year). The energy produced can be 

instantaneously consumed or injected to the grid. 



  

 

 

65 / 85  

 

 

Figure 33 PV integrated in façade 

 

13.3 Concept 3 

 Envelope: No actions for the external walls. For the roof 80 mm XPS. Triple-glazed windows.  

 

Figure 34 Insulation concept 2a 

The new U-Values obtained are: 

Element Current U-Value  
(W/m2K) 

Proposed U-Value) 
(W/m2K) 

External walls (YV1) 0,59 = 

External walls (YV2) 0,49 = 

External walls (YV3) 0,50 = 

Roof 0,38 0,20 

Ground floor 0,40 = 

Windows 2,00 0,90 

 

 No action in heating and DHW by the district heating system. 

 

 Ventilation: Extract ventilation system. Controlled by demand and by CO2 and humidity sensors. 

 

 Renewable energy: Solar photovoltaic system in the roof. The maximum installation available is 351,3 

kWp (annual production 380.000 kWh). An installation of 31 kWp (33.500 kWh a year) will be necessary 
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to reach the energy saving goal. The energy produced can be instantaneously consumed or injected to 

the grid. 
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14 Results (Landskrona) 

With the help of the simulation tool used in the baseline to analyse the energy consumption of the pilot site, 
all the renovation concepts proposed have been simulated in order to study the energy savings of each 
solution. An analysis of sensitivity has been made using the same procedure as in the baseline description 
with the parameters that can differ, resulting in different ranges. 
 

14.1 Energy savings 

The following tables reflect briefly the energy saving obtained: 
 

Concept Primary energy (kWh/m2year) Energy 
savings 

 Before After  

Concept 1 7,96 1,89 - 2,16 73 - 76 % 

Concept 2 7,96 1,85 - 2,11 74 - 77 % 

Concept 3 7,96 1,65 - 2,28 71 - 79 % 

 

 

Figure 35 Primary energy overview 

For the energy savings calculation, the consumption related to lighting and appliances have not been taken 

into account. To establish energy saving measures in this consumption is a tricky issue due to a factors like 

the high amount of devices, the variety of efficiency of the devices, the user’s behaviour of them, etc. 

Therefore, it cannot be taken into account for the DREEAM Project. 

14.1.1 Concept 1 

Concept 1 Final energy (kWh/m2yr) Primary energy (kWh/m2yr) Primary 
energy 
savings 

 Before After Before After  

Heating  72,93 13,99 - 17,00 6,56 1,26 - 1,53 77 - 81 % 

DHW 15,56 15,56 1,40 1,40 0 % 

Ventilation - 5,92 - 11,84 - 

PV - -6,31 - -12,61 - 
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Total 88,49 29,16 - 32,18 7,96 1,89 - 2,16 73 - 76 % 

 

14.1.2 Concept 2 

Concept 2 Final energy (kWh/m2yr) Primary energy (kWh/m2yr) Primary 
energy 
savings 

 Before After Before After  

Heating  72,93 13,55 - 16,47 6,56 1,22 - 1,48 77 - 81 % 

DHW 15,56 15,56 1,40 1,40 0 % 

Ventilation - 5,92 - 11,84 - 

PV - -6,31 - -12,61 - 

Total 88,49 28,73 - 31,64 7,96 1,85 - 2,11 74 - 77 % 

 

14.1.3 Concept 3 

Concept 2 Final energy (kWh/m2yr) Primary energy (kWh/m2yr) Primary 
energy 
savings 

 Before After Before After  

Heating  72,93 32,62 - 39,63 6,56 2,94 - 3,57 46 - 55 % 

DHW 15,56 15,56 1,40 1,40 0 % 

Ventilation - 2,48 - 4,97 - 

PV - -3,83 - -7,65 - 

Total 88,49 46,83 - 53,85 7,96 1,65 - 2,28 71 - 79 % 
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14.2 Economic study 

Another important aspect in a renovation is the economical one. The following tables reflect the amount of 
money saved and the investment necessary to implement each concept. With these two values, the payback 
period can be calculated to check the profitability of the investment. 
 

Concept Saved (€) Investment (€) Payback (years) 

Concept 1 58.150 - 61.466 2.106.020 34,3 - 36,2 

Concept 2 58.737 - 61.947 2.596.533 41,9 - 44,2 

Concept 3 36.567 - 44.292 1.584.520 35,8 - 43,3 

 

 

Figure 36 Economic savings overview 

14.2.1 Concept 1 

Item  Description Cost/measure unit Units Total cost (€) 

Ext. walls EWI 10 cm MW 115 €/m2 5.612 m2 645.380 

Cellar walls 6 cm XPS 63 €/m2 205 m2 12.854 

Windows New windows 0,9 W/m2K 776 €/m2 1.598 m2 1.224.707 

Ventilation Mech. with heat recovery 15.915 € 5 69.575 

PV 410 m2 153.504 € 1 153.504 

Total    2.106.020 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

164.706 103.240 - 106.556 58.150 - 61.466 2.106.020 34,3 - 36,2 

 
 

14.2.2 Concept 2 

Item  Description Cost/measure unit Units Total cost (€) 

Ext. walls Ventilated 10 cm MW 196 €/m2 5.612 m2 1.102.197 

Cellar walls 6 cm XPS 63 €/m2 205 m2 12.854 

Windows New windows 0,9 W/m2K 776 €/m2 1.598 m2 1.224.707 

Ventilation Mech. with heat recovery 15.915 € 5 69.575 

PV 74,2 m2 187.200 € 1 187.200 
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Total    2.596.533 

 
 

Before (€) After (€) Saved (€) Investment (€) Payback (years) 

164.706 102.759 - 105.969 58.737 - 61.947 2.596.533 41,9 - 44,2 

 
 

14.2.3 Concept 3 

Item  Description Cost/measure unit Units Total cost (€) 

Roof 6 cm XPS 58 €/m2 2.970 m2 172.557 

Windows New windows 0,9 W/m2K 776 €/m2 1.598 m2 1.224.707 

Ventilation Extract ventilation 50.600 € 1 50.600 

PV 365 m2 136.656 € 1 136.656 

Total    1.584.520 

 
Before (€) After (€) Saved (€) Investment (€) Payback (years) 

164.545 120.414 - 128.139 36.567 - 44.292 1.584.520 35,8 - 43,3 
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14.3 Environmental study 

The purpose of this assessment is to identify the impact produced in the Environment by each renovation 
concept. For it, the equivalent carbon dioxide saved due to the application of each concept has been 
calculated: 
 

Concept Electricity District heating Total 

 (kWh) (tCO2eq) (kWh) (tCO2eq) (tCO2eq) 

Concept 1 -47.945 -10,88 789.343 - 831.853 39,63 - 41,76 28,74 - 30,88 

Concept 2 -47.945 -10,88 796.866 - 838.021 40,00 - 42,01 29,19 - 31,19 

Concept 3 -13.440 -3,05 469.919 - 568.963 23,59 - 28,56 20,54 - 25,51 

 

 

Figure 37 CO2 emissions overview 
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15 Conclusions (Landskrona) 

The results obtained in the simulation show that in every case, the target of the energy saving is 

successfully reached. The main reason of having very low values of primary energy is that the high 

efficiency of the district heating which has a very low primary energy factor. It implies that a reduction 

on the heating and DHW demand will reduce the primary energy in a very low percentage. 

The renovation of the envelope should include also the renovation of the external walls. If we compare 

concepts 1 and 2 with concept 3, we can see higher economic savings. Despite of the increment of the 

investment,  higher savings  reduce the payback period. 

Another reason of that is the heat recovery system for the ventilation in the concepts 1 and 2, which 

can recover up to 75 % of the heat inside the building during the ventilation process. It also improves 

the comfort of the tenants.  

The option of having a photovoltaic system integrated in the façade increases the investment 

significantly due to the higher price of a ventilated façade compared with an external wall insulation 

system. This would be interesting in case of having the maximum PV surface as possible. 

The variation in the payback period produced by the modification of the parameters in the analysis of 

sensitivity is high, around less than 8. That shows the importance of these parameters in a very cold 

climatology as the Swedish. 

From an ecological point of view, concepts 1 and 2 obtain a higher carbon dioxide emissions reduction. 
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16 Annexes 

1. Conclusions between all the pilot sites 

2. Analysis of sensitivity 
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