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Executive summary 

This report summarizes the results obtained by Exeleria during the different visits in the pilot sites 

selected, where a process of refurbishment will take place under the DREEAM project approach. 

The pilot sites and it visits can be summarized in: 

 Padiham: An amount of 107 familiar dwellings in the city of Padiham (United Kingdom) property of 

Places for People. The visit took place on 8th of February 2016. 

 Treviso: The initial pilot site in Treviso (see annex), where two visits have been made, has been changed 

to another which consists in two multifamily buildings. The building owner of this pilot site is ATER 

Treviso. The visit took place on 10th of January 2017. 

 Landskrona: In the city of Landskrona (Sweden), a total of 5 multifamily buildings property of 

Landskronahem. The visit took place on 17th of February 2016. 

The study focuses on the data gathering of the current situation of the components of the building for 

a later analysis. The elements subjected to be analysed can be classified in: 

 Passive components: 

o Thermographic analysis 

o U-Value analysis 

o Windows 

 Active components 

o Heating and DHW production 

o Terminal units 

o Lighting 

Some conclusions have been taken after the analysis of all the data obtained during the visit. Of this 

conclusions is extracted an overview of the most critical situations, from an energetic point of view. 

Using these parameters, a simulation analysis has been done. The tool used to do that is the HAP 

(Hourly Analysis Program) which calculates the energy consumption in the building and that can be 

compared with the real data obtained from the building owner. 

An analysis of sensitivity has been done using the parameters room temperature, U-Value and 

infiltration showing how a variation of them affects the energy consumption. 
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1 Pilot Site overview 

1.1 General Description 

The purpose of the visit is to evaluate the baseline situation of the building providing the starting point 

for the renovation DREEAM approach. 

This technical baseline will be focus on the gathering of information about: 

 Passive technologies: The thermal properties of the walls, roof, etc. analysing in which conditions are 

they currently and the features of the windows. 

 Active technologies: Identifying every component of the installation of the buildings including electrical 

parts, heating systems, storage and lighting among other things. 

 

1.2 Buildings Description 

The visit took place in the city of Padiham (England) in social housing buildings located in the streets 

Whitegate Close, Victoria Court and Whitegate Gardens. 

 

Figure 1 Aerial view of the social housing building 
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From the 107 houses, three types of buildings were examined: 

 

Figure 2 Pilot site map and buildings visited 

 A first floor flat with one room (electric): this home was empty so the U-value measurements were 

taken there. It is located in 50 Whitegate Close and consists in: one room, a living-room, a kitchen, a 

bathroom, a technic-room and a storeroom. It has a net area of 47,5 m2. 

 

Figure 3 Floor plan:50 Whitegate Close 

 A middle terrace with two rooms (electric): Similar construction as the previous one.  The thermo 

graphic analysis has been done in this house. It is located in 38 Whitegate Close and consists in: three 
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rooms, a living-room, a kitchen, a bathroom, a technic-room and a storeroom in two floors. It has a net 

area of 77,7 m2. 

 

Figure 4 Floor plan:38 Whitegate Close 

 

 End-terrace with three rooms (electric and gas). In this house the Gas powered active technologies has 

been examined. It is located in 11 Whitegate Gardens and consists in: three rooms, a living-room, a 

kitchen, two bathrooms, and a technic-room in two floors. It has a net area of 80,8 m2. 

 

Figure 5 Floor plan:11 Whitegate Gardens 
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1.3 BO requirements and objectives 

To carry out the pilot visit, the collaboration of the building owners is required to allow the other 

collaborating parts in the visit to gather as much information as possible that can be used after the 

visit to make a deep analysis about the current situation of the building. For it, Places For People has 

made available the entry to different flats and technical rooms allowing to make a thermography 

analysis, to measure the thermal transmission of the passive components and to analyse the active 

components. 

The main objective of the building owner about this visit is to have an understanding of the current 

situation of their properties. This information must cover the components of the building and the 

energy consumption of the social housing. It will consist be the first step of the renovation process. 

1.4 Information needed  

To perform the analysis of the building and compare the data obtained from the measurements it is 

necessary to have the construction plans which include every information about the typology, 

orientation, dimensions, components and details of the building. 

Places For People has provided the composition of the envelope components, therefore Exeleria can 

get a comparison between the practical and the theoretical data. Construction plans of the pilot sites 

visited have been also provided. However, Exeleria has made measurements of the dimensions of one 

of the buildings. 

Another information as construction plans and electrical bills have been provided. 

  



  

 

 

15 / 222  

 

2 On site data gathering 

2.1 Pasive components 

2.1.1 Thermographic analysis 

The detailed information related to the thermographic analysis could be found in the methodology 

document included in the annexes. 

To carry out the thermographic analysis, a minimum  thermal conditions for the difference of 

temperature between indoor-outdoor were necessary. 

The temperature inside the building during the thermographic work  ranged between 13 and 16 °C. 

The temperature outside was between 5 and 7 ºC. Which means a difference between 6 and 11 ºC. 

After de thermographic analysis in the different parts of the building we can obtain the following 

conclusions: 

There are generally  important thermal bridges in the corners of the façades against the outside air. 

There are big areas with temperatures around 7 – 8 ºC when the rest of the room is around 4º C higher: 

 

Figure 6 Thermal bridge in a corner 

A big presence of humidity can also be observed in most of the walls. There are small random areas 

with temperatures around 8º C: 
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Figure 7 Humidity in the wall 

Another example of humidity in other room in the house: 

 

Figure 8 Humidity in the wall 

Important thermal bridges can  also be observed in windows. There are points with a very low 

temperature, around 8º C: 
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Figure 9 Thermal bridge in a window 

Regarding the facilities of the building there is no presence of leaks as we can see in the photo: 

 

Figure 10 Pipe inside the wall 

In the following photo we can see the gas boiler which is located near another rooms in the house and 

it has a maximal temperatures of 100º C. The boiler has not an insulated cover. 
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Figure 11 Gas boiler 

Generally, the house presents very bad conditions of insulation and serious humidity problems which 

implies important constrains regarding the feasible renovation options. 

 

2.1.2 U-Value analysis 

The detailed information related to the U-values analysis could be found in the methodology 

document included in the annexes. 

To ensure the accuracy of the measurements the ideal conditions required are: 

 Temperature difference (outdoor - indoor) of at least 15 ªC 

 External surfaces un exposed to solar radiation 

A representative batch within each pilot case based on construction features (num. of bedroom, 

orientation, m2…) is selected. The equipment for measuring U-values include heat flux meters, 

thermistor temperature probes and data-loggers. 

For the  analysis of the building envelope four components of it have been analysed and obtained the 

currently U-value of them. 

The results obtained are: 

Number Component U-Value obtained 
[W/m²K] 

U-Value 
calculated 
[W/m²K] 

1 Wall against exterior air 4,676 1,20* 

2 Wall against exterior air 1,945 1,20* 

3 Floor against exterior air 4,119 3,87 

4 Roof against unheated room 1,758 0,58 

*There is no evidence of cavity injection 

1. Wall against exterior air. This is the wall with windows situated in a room oriented to SW. The results 

obtained are: 

 Temperature difference: 3,7 ºC 
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 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

08.02.2016 10:32:42 4,676 7,34 9,59 85,3 5,9 

 

The high U-Value obtained indicates that apparently there is no insulation system on the façade. 

   

Figure 12 U-Value analysis of the wall 

2. Wall against exterior air. This is a wall with windows situated in a bathroom oriented to NE. The results 

obtained are: 

 Temperature difference: 2,9 ºC 

 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

08.02.2016 11:23:57 1,945 8,08 8,77 89,9 5,9 

 

The relative good U-Value obtained compared with the other wall indicates that there is an insulation 

system on the façade, apparently injected in a renovation. 

   

Figure 13 U-Value analysis of the wall 

3. Floor against exterior air. This is the floor in  every room of the flat (first floor flat) against exterior air. 

The results obtained are: 

 Temperature difference: 1,5 ºC 

 Solar radiation:  Not influenced 
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Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

08.02.2016 11:39:14 4,119 7,29 8,25 86,1 6,8 

 

The high U-Value obtained indicates that apparently there is no insulation system on the floor. 

   

Figure 14 U-Value analysis of the floor 

4. Roof against unheated room. This is the roof situated on the first floor against an unheated loft. The 

results obtained are: 

 Temperature difference: 3,4 ºC 

 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

08.02.2016 11:58:26 1,758 9,11 9,61 88,7 6,2 

 

The U-value obtained is similar to the value that this component with a 5 cm layer of insulation (see 

photo) could have. 

       

Figure 15 U-Value analysis of the wall 
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2.1.3 Windows 

The basic features of the windows can be obtained using the application PRISM@VER 2012 which gives 

the user the number of layers of glass, their thickness and the length of the cavity between glasses. 

Using the application for the windows in the building and in different orientations the conclusion 

obtained is that the features of the windows are the same for the whole building. 

It consist in a double-glazed windows with a cavity between them apparently of gas. The measures of 

the windows are: 

3,5 mm/ 23 mm/ 4,5 mm 

 

Figure 16 Window  
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2.2 Active components 

2.2.1 Heating & DHW production 

Depending on the heating and DHW production the pilot houses visited are divided in two different 

groups: 

 Electric: The 100% of the production of energy comes from electricity. For the heating electric radiators 

are used (see terminal units) and for the domestic hot water production, a small electric boiler with a 

deposit is installed in every house.  

 

 

Figure 17 Electric boiler 

For the domestic hot water the shower has its own electric resistance: 

   

Figure 18 Electric resistance for the shower 
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 Electric & gas: There is a system based in a gas boiler for the production of heating and DHW with the 

help of an electric boiler also for the heating. 

 

The gas boiler is from BAX: FS 601 OF with a output power of 17.58 kW 

 

 

Figure 19 Gas boiler 

The electric boiler is connected to a small storage tank: 

 

 

Figure 20 Storage tank 
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The production can be regulated depending on the hours during the day that the tenants prefer and 

which system is working (hot water, central heating or both of them): 

 

Figure 21 Regulation system 

2.2.2 Terminal units 

A terminal unit is the part of an installation which receives hot or cool air or water from a centralized 

system to provide heat or cool on a conditioned area. 

The terminal units used are radiators and night storage units. 

 Night storage units: The night storage system stores thermal energy during the evening, or at night 

when base load electricity is available at lower cost, and releases the heat during the day as required. 

There are located one night storage unit per room and the dimensions of it depends on the area to be 

heated: For example we can find a 1 x 0,65 m in a  bedroom and 0,6 x 0,65 m in the kitchen. 

 

Figure 22 Electric radiator 

The night storage system stores thermal energy during the evening, or at night when base load 

electricity is available at lower cost, and releases the heat during the day as required. 
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In most of the rooms they are located near the entrance despite the optimal location (under the 

windows). 

All radiators have a manual regulation system which regulates the temperature of the room and the 

overnight charge. 

 

 

Figure 23 Regulation of the night storage unit 

 

 Gas radiators: Are the elements used in the building to transfer the heat generated by the gas boiler. 

Depending on the house it can be electric or hot water powered. There are located one radiator per 

room and the dimensions of it depends on the area to be heated: For example we can find a 1,20 x 0,7 

m (26 elements) in a  bedroom and 1,1 x 0,9 m (2x22 elements) in the kitchen. 

In most of the rooms they are located under the windows. 

All radiators have a shut-off valve that can interrupt or allow the flow of water flowing through the 

radiator, and an individual meter that measure the radiator consumption (heat allocator system). 

 

Figure 24 Regulation of the radiator 
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2.2.3 Lighting 

Room lighting can be general, punctual, ambient or decorative. Depending on the lamp: 

 Incandescent: a wire filament is heated to a high temperature, by passing an electric current through it. 

They have a very low efficiency (5%) 

 Halogen: is an incandescent lamp that has a small amount of a halogen such as iodine or bromine added. 

They have a lifetime around 1.500 hours of use. 

 Fluorescent: is a low pressure mercury-vapor gas-discharge lamp that uses fluorescence to produce 

visible light. They are more expensive than incandescent but they have more efficiency and life. 

 Low consumption:  are also fluorescent lamps adapted to the size, shape and stands of conventional 

bulbs. They are more expensive but easily to be depreciated with a lifetime between  6.000 and 9.000 

hours. 

 LED: it is a p–n junction diode, which emits light when activated. LED lamps have a very high efficiency 

(around 90%) Despite of its high price, they are the best option at long term. 

 

The kind of lamps used in the building and it powers depends on the decision of the tenants. Generally 

the most used are: 

 Incandescent: This kind of lamp is very common for the bedrooms and living-room with power range 

between 40 and 60 W. 

 Halogen: There are some bedrooms with halogen lamps 

 

 

Figure 25 Halogen lamp 

 Fluorescent: This kind of lamp is used for the kitchen and toilets. 

 Low consumption lamp: This kind of lamp is barely used in the building. 

 

The consumption of lighting and appliances will be taken into consideration for the baseline analysis 

but not for the next steps due to the difficulty to establish energy savings measurements because of 

the variety and number of devices, the behaviour of the user, etc.  
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3 Simulation analysis 

3.1 Hourly analysis program software 

The main goals of this simulation are: 

 To help to verify that the measured U-values and gathered building information are able to explain the 

current energy consumption.  

 Sensitivity analysis of the different parameters, seeking for those parameters that have influence on 

energy consumption.  

 Feasibility check: This model will be the starting point for the feasibility check to be developed later on. 

3.1.1 Introduction 

HAP is designed for consulting engineers, design/build contractors, HVAC contractors, facility 

engineers and other professionals involved in the design and analysis of commercial building HVAC 

systems. 

In addition, HAPs 8760 hour energy analysis capabilities are very useful for green building design. For 

instance, HAP energy analysis results are accepted by the US Green Building Council for its LEED®1 

(Leadership in Energy and Environmental Design) Rating System. Visit the USGBC's website, 

www.usgbc.org, for more LEED info. 

 

3.1.2 Load calculation 

HAP software uses: 

 ASHRAE Transfer Function cooling load calculation procedures,  

 ASHRAE design heating load calculation procedures, ASHRAE design weather data.  

 ASHRAE design solar calculation procedures. 

 

Features: 

 Calculates space and zone loads 24-hours a day for design days in each of the 12 months. In doing so it 

calculates heat flow for all room elements such as walls, windows, roofs, skylights, doors, lights, people, 

electrical equipment, non-electrical equipment, infiltration, floors and partitions considering time of 

day and time-of-year factors. 

 Performs detailed simulation of air system operation to determine cooling coil loads and heating coil 

loads and other aspects of system performance 24-hours a day for design days in each of the 12 months. 

 Analyses plenum loads. 

 Considers any operating schedule for HVAC equipment from 1 hour to 24 hours in duration. 
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 Permits hourly and seasonal scheduling of occupancy, internal heat gains, and fan and thermostat 

operation. 

 

On the following figures are displayed some examples of the type of data required in HAP simulation 

related to design weather inputs but also the outcomes provided by the HAP tool. 

 

 

Figure 26 Design weather data 
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Figure 27 Example of December daily temperature 

3.1.3 Simulation approach in Padiham 

 50 Whitegate Close 

In order to extract conclusions the house with electricity as energy source where the U-values have 

been taken have been modelled and simulated. 

According to the dimensions measured in the first flat (floor area, ceiling height, walls and windows 

dimensions, etc.) the simulation has been done. 

 

Figure 28 Space definition 

In Padiham we have defined one wall composition for the walls against outside oriented to NE, SW 

one for the floor against outside, one for the ceiling and one for the windows. In this first approach we 

have estimated the occupancy of 3 people in the flat due to there are two rooms (parents with a 

children). According to the information gathered during the visit we also assume 8 W/m2 for lighting 

and 6 W/m2 for electrical equipment.  
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Ventilation parameters are really significant in residential sector to assess the energy demand (Heating 

and Cooling) at the buildings. In Padiham according to the construction type we have estimated an 

infiltration of 0,75 ACH (Air Changes per Hour) which means an intermediate level of infiltration. 

  

  

 

Figure 29 Spaces definition 

 

In the next figures we have the wall and windows defined as well as an example of the type of input 

required by the tool: 
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Figure 30 Wall and windows definition 

While defining a space, information about the construction of walls, roofs, windows, doors and 

external shading devices is needed, as well as information about the hourly schedules for internal heat 

gains. This construction and schedule data can be specified directly from the space input form (via links 

to the construction and schedule forms), or alternately can be defined prior to entering space data. In 

this first approach we have define three different schedules: one for the electrical equipment, one for 

heating and one for lighting. 
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Figure 31 Schedule definition 

In Padiham we have electric radiators as terminal units (heating system) so the design supply 

temperature must be quite close to 55 ºC. Heating T-stat Set points is 21ºC.  
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Figure 32 System definition 
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Figure 33 Plant definition 

The Domestic Hot Water plant has been simulated taking into account 28 l/person/day, distribution 

losses of 5% and a design temperature of 60ºC. 
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Figure 34 Plant definition 

In our simulation a boilers that provide DHW has been defined with a deposit tank estimated in 190 l. 

 

In the following figures we have the results that comes from the simulation tool. On one hand the 

energy consumption related to DHW which it is really similar throughout the year as it is possible to 

observe in the figure 32, on the other hand the heating consumption as figure 33 displays there is no 

energy demand related to heating consumption during summer time. 
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Figure 35 DHW simulation results- 50 Whitegate Close 
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Figure 36 Heating system simulation results- 50 Whitegate Close 

 38 Whitegate Close 

The same previous procedure has been done for the building located in 38 Whitegate Close obtaining 

the following results: 
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Figure 37 DHW simulation results- 38 Whitegate Close 
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Figure 38 Heating system simulation results- 38 Whitegate Close 

 11 Whitegate Gardens 

The same previous procedure has been done for the building located in 11 Whitegate Gardens. The 

differences comparing with the other flats are the gas source and more external walls (end-terrace 

archetype). The following results are obtained: 
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Figure 39 DHW simulation result - 11 Whitegate Garden 



  

 

 

41 / 222  

 

 

 

Figure 40 Heating system simulation result - 11 Whitegate Garden 
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3.2 Analysis of sensitivity 

After the simulation analysis with the HAP tool, the following parameters have been modified to see 

how they affect to the result of the consumption. The building located in 50 Whitegate Close is selected 

for the analysis of sensitivity: 

3.2.1 Room temperature 

For the current analysis calculated before, it has been considered a room temperature of 22 ºC while 

heated. An increment and a decrease of 1 ºC on this temperature has been modified and checked the 

variation on the heating energy demand. 

 

 

Figure 41 Heat energy demand in relation to room temperature 

The variation in percentage produced is: 

Temperature Heating energy demand 
[kWh] 

-1 ºC -11,3 % 

21 ºC 7.335 

+1 ºC +11,4 % 

 

3.2.2 U-Value 

In the following analysis the U-Values measured during the first visit are compared with the values 

obtained in the calculation. 

 Wall against the outside. The calculated value for the simulation 1,2 W/m²K and a worse one of 2,8: 
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Figure 42 Heat energy demand in relation to the U-Value 

There is a double demand for the measured value. 

 Roof against and small unheated loft. The U-Value measured is 1,758 and the calculated for the 

simulation 0,58 W/m²K: 

 

 

Figure 43 Heat energy demand in relation to the U-Value 

There is a 24 % higher demand for the measured value. 

 Floor against the outside. The highest U-Value measured is 4,119 and the calculated for the simulation 

3,87 W/m²K: 
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Figure 44 Heat energy demand in relation to the U-Value 

There is the same demand for the measured value. 

 All the values together. 

 

 

Figure 45 Heat energy demand in relation to the U-Value 

There is a 63,1 % higher demand for the measured values. 

3.2.3 Infiltration 

For the current analysis calculated before, it has been considered an infiltration of 1 air change per 

hour. An increment or decrease of it modify the heating energy demand: 
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Figure 46 Heating energy demand in relation to the infiltration 

Air Changes per Hour (ACH) Heating energy demand 
[kWh] 

0,5 -8,4 % 

0,75 7.335 

1 +8,5 % 

 

A discussion on how to use for this simulation analysis is done in the conclusions section. 

3.2.4 Overview 

Parameter Heating energy demand 
[kWh] 

Percentage 
 

Temperature -1 ºC 6.503 -11,3 % 

Temperature +1 ºC 8.172 +11,4 % 

Worse U-Values 11.967 +63,1 % 

ACH from 0,75 to 0,5 6.713 -8,4 % 

ACH from 0,75 to 1 7.959 +8,5 % 
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4 Summary and conclusions 

4.1 Passive Components 

4.1.1 Thermographic analysis 

From the thermographic analysis we can get the conclusion that generally, the conditions of the 

insulation in the building are not favourable and do not allow a minimal thermal comfort for the daily 

life in the dwelling. A significant amount of thermal bridges have been found in different parts of the 

construction: walls, roof, windows, etc. All the components of the envelope must be supervised. 

Due to the high presence of moistures, a deeper analysis of it was applied in order to have a better 

understanding of them and about possible solutions to this problem. A report of this analysis is 

attached here (see damp report). 

4.1.2 U-Value analysis 

Generally, the values obtained are very high (over 4,00 W/m2K) and it can be possible that those values 

are wrong measured. The possible reasons of the high values could be: 

 Non ideal measurement conditions because temperature difference were below 15 ºC (similar outside 

and inside temperature) 

 Humidity during the measure due to the rain. 

Considering these values there is an important heat loss through the walls and floor that increases 

significantly the energy consumption of the building.  

In accordance with this discrepancy, in the simulation have been selected the calculated U-Values. 

Below the table with the U-values analysed (bolded the selected for simulations): 

  U-Value [W/m²K] 

Number Component Obtained Calculated Construction year 
average (BPIE) 

1 Wall against exterior air 4,676 1,20* 1,80 

2 Wall against exterior air 1,945 1,20* 1,80 

3 Floor against exterior air 4,119 3,87 1,20 

4 Roof against unheated room 1,758 0,58 0,90 

*There is no evidence of cavity injection 

4.1.3 Windows 

The results obtained show that the windows have apparently a good state of insulation due to the 

wide cavity (aprox. 23 mm) between the two glasses. Moreover, the existence of a gas between them 

imply a lower U-Value of the window. 

For the analysis, a value of 2,8 W/m2K has been selected. 
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4.2 Active Components 

4.2.1 Heating & DHW production 

The boilers seems to be very old. That means that they have a very low efficiency, which implies a 

higher demand of primary energy comparing with the current boilers in the market. It can be also 

observed that the pipes are not good isolated in some cases, therefore, there are important heat losses 

through them. 

The electrical system for the shower is an efficient way to produce hot water in the same moment as 

the consumption and also to reduce the loses produced during the transport of it. 

4.2.2 Terminal units 

In the case of the radiators in the houses that use gas, the control of the heating depends on the user 

which can switch on or switch off it depending on their thermal comfort (not on the room temperature 

or the outside temperature). This system is not very efficient from an efficiency point of view. 

4.2.3 Lighting 

There are installed a significant number of lamps that suppose a waste of energy comparing with the 

newest kind of lamps as LED or low consumption lamps. The use of lamps with a high nominal power 

in a dwelling increase significantly the power consumption considering the total amount and the 

number of hours they are working. 

 

4.3 Simulation analysis 

4.3.1 Results obtained 

The total consumption of the house is the sum of all the loads: heating, DHW, lighting and electric 

equipment. This is not possible to compare the simulated consumption with a real consumption due 

to the lack of this information. However, the energy consumed in a social house can be lower than the 

standard. Despite this a comparisons based on SAP results for the homes is shown below: 

 

 50 Whitegate Close 

Consumption = 7.335 + 4.362 + 749 + 1.616 = 14.062 kWh year 

In relation with the area of the flat (47,5 m2): 

Simulation ratios: 

o Heating final energy:        154 kWh/m2 

o Heating primary energy:       308 kWh/m2 

o Total primary energy (heating, DHW, lighting):     592 kWh/m2 



  

 

 

48 / 222  

 

 

SAP ratios: 

o Total primary energy (heating, DHW, lighting):     689 kWh/m2 

 

The energy certificate shows a similar value as the energy demand simulated. 

 

 38 Whitegate Close 

Consumption = 9.567 + 5.662 + 1.709 + 2420 = 19.358 kWh year 

In relation with the area of the flat (77,6 m2): 

Simulation ratios: 

o Heating final energy:        123 kWh/m2 

o Heating primary energy:       246 kWh/m2 

o Total primary energy (heating, DHW, lighting):     499 kWh/m2 

 

The EPC of the building is not available. Therefore a comparison is not possible. However, the value 

obtained is similar to de SAP of 50 Whitegate Close. 

 

 11 Whitegate Gardens 

Consumption = 14.331 + 4.820 + 1.274 + 2.061 = 22.486 kWh year 

In relation with the area of the flat (80,8 m2): 

Simulation ratios: 

o Heating final energy:        177 kWh/m2 

o Heating primary energy:       195 kWh/m2 

o Total primary energy (heating, DHW, lighting):     397 kWh/m2 

 

The EPC of the building is not available. Therefore a comparison is not possible. 
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4.3.2 Analysis of sensitivity 

A sensitivity analysis has been done showing the influence of changes in the most relevant parameters. 

 Room temperature 

An increment or a decrease of 1 ºC on the room temperature produces a variation around 11,3 % in 

the heating energy demand. A temperature of 21 - 22 ºC during the day ensures a minimum of 

habitability conditions. 

It can be considered that the temperature vary from one room to another. For example, in the 

bathroom can exceed this temperature to 23 °C and the rooms that are not usually used up to 18 °C.  

To heat the building with a room temperature above 22 ºC implies a significant waste of energy. 

 U-Value 

The variation produced in the case of the wall against outside is very significant (the U-Value measured  

is in some cases the double as the one selected for the analysis) For the other components there is not 

a big variation. After the analysis of all of the components together  with a better U-Value it is shown 

the importance of having a good insulation system. 

Using the U-Values calculated which are similar to the one selected from the year construction, which 

are in most of the cases much better than the measured, the heating energy demand obtained is 

around the half than the one calculated with the U-Values measured. 

 Infiltration 

Through the analysis of the infiltrations in the building, it can be shown that they have an important 

impact not only in the comfort of its users but also in the level of energy efficiency of the building. It is 

obvious that when the outside temperature is low, have an income of cold air inside the building 

increases the heating energy demand. 

As we can see in the Figure 46, a small increment in in the value of air changes per hour produces a 

significant higher heating energy demand. For example the heating energy demand from 0,5 to 0,75 

air changes per hour is increased a 8,5%. 
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Treviso (IT) 

Pilot site 
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5 Pilot Site overview 

5.1 General Description 

The purpose of the visit is to evaluate the baseline situation of the building providing the starting point 

for the renovation DREEAM approach. 

This technical baseline will be focus on the gathering of information about: 

 Passive technologies: The thermal properties of the walls, roof, etc. analysing in which conditions are 

they currently and the features of the windows. 

 Active technologies: Identifying every component of the installation of the buildings including electrical 

parts, heating systems, storage and lighting among other things. 

 

5.2 Buildings Description 

The visit took place in the city of Treviso (Italy) in social housing buildings located between the streets 

Francia and Borgo Furo di Santa Bona 

 

Figure 47 Aerial view of the social housing building 
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The two buildings have identical construction features but different orientation 

 

Figure 48 Pilot site map and buildings visited 

Each building has 6 floors of living spaces and in the basement there is a storage room. The triangular 

shape of the building allows it to have a high exterior surface. 
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Figure 49 elevation plan 

There are 3 dwellings per floor of 82,3 m2 each. The dwelling consist 3 rooms, a living room, a kitchen, 

a bathroom, a toilet and a hall. In the next figure it can be shown an example of one of the flats: 
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Figure 50 Floor plan of one dwelling 

The total amount of dwellings in each building is 18. 
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5.3 BO requirements and objectives 

To carry out the pilot visit, the collaboration of the building owners is required to facilitate to gather 

as much information as possible that can be used to make a deep analysis about the current situation 

of the building. For it, ATER Treviso has made available the entry to different flats and technical rooms 

allowing to make a thermography analysis, to measure the thermal transmission of the passive 

components and to analyse the active components. 

The main objective of the building owner about this visit is to have an understanding of the current 

situation of their properties. This information must cover the components of the building and the 

energy consumption of the social housing. It will consist be the first step of the renovation process. 

5.4 Information needed  

To perform the analysis of the building and compare the data obtained from the measurements it is 

necessary to have the construction plans which include every information about the typology, 

orientation, dimensions, components and details of the building. 

ATER Treviso has provided all the construction drawings that allow Exeleria to get a deep study of the 

building. 

This information includes: 

 
 Building spaces Lay-out 

 Elevation drawings 

 Energy Performance Certificates of some dwellings 

 Envelope components detailed description 

 Heating & DHW technical drawings (central production systems schemes) 

 Energy consumptions of the central heating & DHW systems for the whole building  
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6 On site data gathering 

6.1 Pasive components 

6.1.1 Thermographic analysis 

The detailed information related to the thermographic analysis could be found in the methodology 

document included in the annexes. 

To carry out the thermographic analysis, a minimum  thermal conditions for the difference of 

temperature between indoor-outdoor were necessary. 

The temperature inside the building during the thermographic work  ranged between 16 and 18 °C. 

The temperature outside was between 5 and 7 ºC. Which means a difference between 10 and 11 ºC. 

After de thermographic analysis in the different parts of the building we can obtain the following 

conclusions: 

There are generally no important thermal bridges in the dwellings. The joint between the window and 

the wall shows that is correctly sealed. However, the line between the wall and the ceiling is around 1 

ºC less: 

 

Figure 51 Thermal image of the window 

The wall correspond to the kitchen where U-Value measurement has been also taken: 



  

 

 

57 / 222  

 

 

Figure 52 Thermal image in the kitchen 

 

Another example of it: 

 

Figure 53 Thermal image in wall with window 

There are no significant pipe loses in the heating distribution through the radiators and the hot water 

is correctly circulated though the device: 
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Figure 54 Thermal image of a radiator 

In the terrace (unheated space) it can be found an small thermal bridge in the corner where the 

temperature is 2,7 ºC against  around 5 ºC in the wall or in the ceiling: 

 

Figure 55 Thermal bridge in terrace 
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Figure 56 Pipe inside the wall 

In the following photo we can see the facade in good condition: 

 

Figure 57 Façade 

In the dwelling where the themographic anlaysis has been made there is no presence of moistures. 

However, according with the interviews with the tenants, some buildings have problems with it, 

probably due to the lack of a ventilation system. 

Generally, there is no presence of leaks of energy in the heating or significant differences in the 

envelope components. In some dwellings there are problems with moistures. 
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6.1.2 U-Value analysis 

The detailed information related to the U-values analysis could be found in the methodology 

document included in the annexes. 

To ensure the accuracy of the measurements the ideal conditions required are: 

 Temperature difference (outdoor - indoor) of at least 15 ªC 

 External surfaces un exposed to solar radiation 

A representative batch within each pilot case based on construction features (num. of bedroom, 

orientation, m2…) is selected. The equipment for measuring U-values include heat flux meters, 

thermistor temperature probes and data-loggers. 

For the  analysis of the building envelope four components of it have been analysed and obtained the 

currently U-value of them. 

The results obtained are: 

Number Component U-Value obtained 
[W/m²K] 

1 Wall against exterior air 0,990 

2 Wall against exterior air 1,096 

3 Double window 2,353 

 

5. Wall against exterior air. This is the wall with windows situated in the kitchen oriented to NE. The 

results obtained are: 

 Temperature difference: 15,93 ºC 

 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

10.01.2017 10:38:19 0,990 14,97 17,02 54,7 1,10 

 

The high U-Value obtained indicates that apparently there is a low insulation system on the façade. 
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Figure 58 U-Value analysis of the wall 

6. Wall against exterior air. This is a wall with windows situated in a room oriented to SE. The results 

obtained are: 

 Temperature difference: 15.26 ºC 

 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

10.01.2017 11:27:36 1,096 13,89 16,06 54,60 0,80 

 

The similar U-Value obtained compared with the other wall indicates that they have the same 

composition. 

   

Figure 59 Data analysis in the software 

7. Double window. The U-Value calculated is the total of the system of two windows. The results 

obtained are: 
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 Temperature difference: 10,6 ºC 

 Solar radiation:  Not influenced 

 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

10.01.2017 11:08:35 2,353 11,3 15,98 55,3 0,7 

 

   

Figure 60 U-Value measurement device and probe 
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6.2 Active components 

6.2.1 Heating & DHW production 

The heat and the domestic hot water (DHW) is produced by the central heating system. It consists in 

a conventional gas boiler per dwelling which can heat water above its initial temperature. This hot 

water is used for many activities that include cooking, cleaning, bathing, and space heating. 

The gas boiler is located in the kitchen of each dwelling as we can see in the following floor plan: 

 

 

Figure 61 Boiler location 

The boiler installed in the dwellings correspond to the model TURBINOX 22 by SILE which has 

maximum power of 23,5 kW: 
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Figure 62 Gas boiler 

According to the information provided by ATER the boilers are installed in the year 1996, which means, 

they are very close to the end of its useful life. 

 

Figure 63 Form of the boiler 

To protect the closed circuit of the heating and DHW production system, an expansion vessel is also 

necessary. In this case an expansion vessel of 7,5 l is installed: 
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Figure 64 Expansion vessel 

 

6.2.2 Terminal units 

A terminal unit is the part of an installation which receives air or water from a centralized system acting 

on the conditions of a conditioned area. 

The terminal units found in the building are: 

 Radiators: Are the elements used in the building to transfer the heat generated by the gas boiler. There 

are one radiator per room and the dimensions of it depends on the area to be heated: For example we 

can find a 1 x 0,6 m in the living room and 0,3 x 0,6 m in the bathroom. 

 

Figure 65 Electric radiator 
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All radiators have a shut-off valve that can interrupt or allow the flow of water flowing through the 

radiator. 

 

 Air conditioning: It is a cooling/heating air device for individual room based on a direct expansion system 

that also filter, at some extent, the air pollution. Air conditioning is not installed in every flat because it 

is a decentralised system under the decision of the tenant. 

  

Figure 66 Air conditioning system 

6.2.3 Lighting 

Room lighting can be general, punctual, ambient or decorative. 

Depending on the lamp: 

 Incandescent: a wire filament is heated to a high temperature, by passing an electric current through it. 

They have a very low efficiency (5%) 

 Halogen: is an incandescent lamp that has a small amount of a halogen such as iodine or bromine added. 

They have a lifetime around 1.500 hours of use. 

 Fluorescent: is a low pressure mercury-vapor gas-discharge lamp that uses fluorescence to produce 

visible light. They are more expensive than incandescent but they have more efficiency and life. 

 Low consumption:  are also fluorescent lamps adapted to the size, shape and stands of conventional 

bulbs. They are more expensive but easily to be depreciated with a lifetime between  6.000 and 9.000 

hours. 

 LED: it is a p–n junction diode, which emits light when activated. LED lamps have a very high efficiency 

(around 90%) Despite of its high price, they are the best option at long term. 

 

The kind of lamps used in the building and it powers depends on the decision of the tenants. Generally 

the most used are: 

 Incandescent: This kind of lamp is very common for the bedrooms and living-room with power range 

between 40 and 60 W. 

 Halogen: There are some bedrooms with halogen lamps 

 Fluorescent: This kind of lamp is used for the kitchen and toilets. 
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 Low consumption lamp: This kind of lamp is barely used in the building. 

 

The consumption of lighting and appliances will be taken into consideration for the baseline analysis 

but not for the next steps due to the difficulty to establish energy savings measurements because of 

the variety and number of devices, the behaviour of the user, etc.  
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7 Simulation analysis 

7.1 Hourly analysis program software 

The main goals of this simulation are: 

 To help to verify that the measured U-values and gathered building information are able to explain the 

current energy consumption.  

 Sensitivity analysis of the different parameters, seeking for those parameters that have influence on 

energy consumption.  

 Feasibility check: This model will be the starting point for the feasibility check to be developed later on. 

7.1.1 Introduction 

HAP is designed for consulting engineers, design/build contractors, HVAC contractors, facility 

engineers and other professionals involved in the design and analysis of commercial building HVAC 

systems. 

In addition, HAPs 8760 hour energy analysis capabilities are very useful for green building design. For 

instance, HAP energy analysis results are accepted by the US Green Building Council for its LEED®1 

(Leadership in Energy and Environmental Design) Rating System. Visit the USGBC's website, 

www.usgbc.org, for more LEED info. 

 

7.1.2 Load calculation 

HAP software uses: 

 ASHRAE Transfer Function cooling load calculation procedures,  

 ASHRAE design heating load calculation procedures, ASHRAE design weather data.  

 ASHRAE design solar calculation procedures. 

 

Features: 

 Calculates space and zone loads 24-hours a day for design days in each of the 12 months. In doing so it 

calculates heat flow for all room elements such as walls, windows, roofs, skylights, doors, lights, people, 

electrical equipment, non-electrical equipment, infiltration, floors and partitions considering time of 

day and time-of-year factors. 

 Performs detailed simulation of air system operation to determine cooling coil loads and heating coil 

loads and other aspects of system performance 24-hours a day for design days in each of the 12 months. 

 Analyses plenum loads. 

 Considers any operating schedule for HVAC equipment from 1 hour to 24 hours in duration. 
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 Permits hourly and seasonal scheduling of occupancy, internal heat gains, and fan and thermostat 

operation. 

 

On the following figures are displayed some examples of the type of data required in HAP simulation 

related to design weather inputs but also the outcomes provided by the HAP tool. 

 

 

Figure 67 Design weather data 
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Figure 68 Example of December daily temperature 

7.1.3 Simulation approach in Treviso 

One of the two buildings has been simulated defining each floor as an space made up by 3 dwellings. 

Later, the energy simulation of the other building is obtained rotating the first one till have the same 

orientation. 

According to the dimensions described in the architectural plans provided by ATER (floor area, ceiling 

height, walls and windows dimensions,etc.) the spaces have been defined. 

 

Figure 69 Space definition 
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According to the data obtained during the measures, it has been described only one type of wall for 

all the orientations, one for the floor, one for the ceiling and one for the windows. In this first approach 

we have estimated the occupancy between 2 and 3 people per dwelling due to the information 

gathered of the tenants. For the case of lights and electrical equipment, we also assume 5 W/m2 for 

lighting and 4 W/m2 for electrical equipment, based on the visit. 

Ventilation parameters are really significant in residential sector to assess the energy demand (Heating 

and Cooling) at the buildings. In Padiham according to the construction type we have estimated an 

infiltration of 0,5 ACH (Air Changes per Hour) which means an intermediate level of infiltration. 

  

  

 

Figure 70 Spaces definition 
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In the next figures we have the wall and windows defined as well as an example of the type of input 

required by the tool: 

 

  

 

Figure 71 Wall and windows definition 

While defining a space, information about the construction of walls, roofs, windows, doors and 

external shading devices is needed, as well as information about the hourly schedules for internal heat 

gains. This construction and schedule data can be specified directly from the space input form (via links 

to the construction and schedule forms), or alternately can be defined prior to entering space data. In 
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this first approach we have define three different schedules: one for the electrical equipment, one for 

heating and one for lighting. 

 

 

   

Figure 72 Schedule definition 

In Treviso we have electric radiators as terminal units (heating system) so the design supply 

temperature must be quite close to 65 ºC. Heating T-stat Set points is 22ºC.  
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Figure 73 System definition 
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Figure 74 Plant definition 

The Domestic Hot Water plant has been simulated taking into account 28 l/person/day, distribution 

losses of 10% and a design temperature of 60ºC. 
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Figure 75 Plant definition 

In our simulation the boilers that provide DHW and hot water for heating systems has been defined 

with the same features that they have in the real situation. 

In the following figures we have the results that comes from the simulation tool. It is shown the 

consumption of DHW + heating between floors, due to the different demands: 
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 First floor 

 

 

 

Figure 76 Heating and DHW in floor 1 
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 Type floor (floor 2 to floor 5) 

 

 

 

Figure 77 Heating and DHW in type floor 
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 Upper floor 

 

 

 

Figure 78 Heating and DHW in upper floor 

The heating demand in the first floor and in the upper floor is higher than in the others due to the 

heating losses produced to heat against the storage room and outside air in the case of first floor and 

the ceiling in the case of the upper floor. 
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Organizing the data provided by the software, we can summarize the energy consumption of the 

building in: 

 Viale Francia 1: 

Energy system [kWh/year] [kWh/m2year] 

Heating 130.435 80,0 

DHW 21.456 13,2 

Lighting 16.208 9,9 

Electric equipment 12.968 8,0 

TOTAL 181.067 111,1 

 

 Via Borgo Furo 35/A: 

Energy system [kWh/year] [kWh/m2year] 

Heating 127.621 78,3 

DHW 21.456 13,2 

Lighting 16.208 9,9 

Electric equipment 12.968 8,0 

TOTAL 178.253 109,4 
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7.2 Analysis of sensitivity 

After the simulation analysis with the HAP tool, the following parameters have been modified to see 

how they affect to the result of the consumption: 

7.2.1 Room temperature 

For the current analysis calculated before, it has been considered a room temperature of 21 ºC while 

heated. An increment and a decrease of 1 ºC on this temperature has been modified and checked the 

variation on the heating energy demand. 

 

 

Figure 79 Heat energy demand in relation to room temperature 

The variation in percentage produced is: 

Temperature Heating energy demand 
[kWh] 

-1 ºC -10,8 % 

21 ºC 130.435 

+1 ºC +11,0 % 

 

7.2.2 U-Value 

In the following analysis the U-Values used in the simulation are compared with the with the current 

values (source:BPIE[4]) that a new construction in Italy can have: 

 Wall= 0,5 W/m²K 
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Figure 80 Heat energy demand in relation to the U-Value 

There is a 33,7 % lower demand for the new construction values. 

7.2.3 Infiltration 

For the current analysis calculated before, it has been considered an infiltration of 0,5 air change per 

hour. An increment or decrease of it modify the heating energy demand: 

 

 

Figure 81 Heating energy demand in relation to the infiltration 
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Air Changes per Hour (ACH) Heating energy demand 
[kWh] 

0,25 -14,8 % 

0,5 130.435 

1 +28,9 % 

 

A discussion on how to use for this simulation analysis is done in the conclusions section. 

 

7.2.4 Overview 

Parameter Heating energy demand 
[kWh] 

Percentage 
 

Temperature -1 ºC 116.408 -10,8 % 

Temperature +1 ºC 144.818 +11,0 % 

Better U-Values 130.435 -33,7 % 

ACH from 0,5 to 0,25 111.088 -14,8 % 

ACH from 0,5 to 1 168.154 +28,9 % 
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8 Summary and conclusions 

8.1 Passive Components 

8.1.1 Thermographic analysis 

From the thermographic analysis we can get the conclusion that generally, there is no presence of 

leaks of energy systems or significant differences in the envelope components. However, there is 

presence of humidity in some dwellings 

The distribution of hot water through the radiators is working properly. The windows show to be 

perfectly sealed. Despite of this, there are areas where exist thermal bridges as for example in the joint 

between wall and ceiling (Figure 51)  

 

8.1.2 U-Value analysis 

The values obtained in the measure for the walls are very similar to the calculated theoretically with 

the real composition of it: 

  

Figure 82 Composition of the wall 

 U-Value [W/m²K] 

Wall (mm) Measured Calculated 

Brick (250) 
Polyestiren (15) 
Brick (250) 

0,990 
1,096 

0,98 

 

For the values of the roof and floor, where we do not have information about the composition, the 

values used for the simulation come from a database (BPIE[4]) in relation to the envelope performance 

in the country along the last years. The following  photo shows how it can be taken for the case of the 

roof: 



  

 

 

85 / 222  

 

 

Figure 83 U-Values database 

To sum up, the values used in the simulation are: 

Component U-Value [W/m²K] 

Wall 0,99 

Roof 1,00 

Floor 1,09 

Windows 2,34 
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8.2 Active Components 

8.2.1 Heating & DHW production 

The boilers are 20 years old. That means that they are very close to the end of it useful life and a 

replacement of it will be necessary in the short term. 

The efficiency of a conventional boiler is less than a 80%. The installation of a boiler with a newer 

technology will reduce this losses. 

8.2.2 Terminal units 

In the case of the radiators, the control of the heating depends on the user which can switch on or 

switch off it depending on their thermal comfort (not on the room temperature or the outside 

temperature). This system is not very efficient from an efficiency point of view. 

8.2.3 Lighting 

There are installed a significant number of lamps that suppose a waste of energy comparing with the 

newest kind of lamps as LED or low consumption lamps. The use of lamps with a high nominal power 

in a dwelling increase significantly the power consumption considering the total amount and the 

number of hours they are working. 

 

8.3 Simulation analysis 

8.3.1 Results obtained 

A comparison between the consumption obtained in the simulation and the real consumption cannot 

be made due to the lack of information enough to compare the results of every month of the year and 

study the shape of the curve described in a diagram. 

In spite of it, a ratio of consumption per surface has been made: 

 Viale Francia 1: 

Energy system [kWh/year] [kWh/m2year] 

Heating 130.435 80,2 

DHW 21.456 13,2 

Lighting 16.208 10,0 

Electric equipment 12.968 8,0 

TOTAL 181.067 113,3 
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 Via Borgo Furo 35/A: 

Energy system [kWh/year] [kWh/m2year] 

Heating 127.621 78,5 

DHW 21.456 13,2 

Lighting 16.208 10,0 

Electric equipment 12.968 8,0 

TOTAL 178.253 109,6 

 

The ratios obtained are very similar to the ones obtained for the first pilot site in Treviso, which have 

similar construction properties, period of construction and source of energy (see annex 2). 

The different heating demand between the two buildings is produced by it orientation. For the case of 

Via Borgo Furo 35/A is less than in the other building because it has more surface of façade oriented 

to the south, which has the advantage of higher solar gains. 

 

8.3.2 Analysis of sensitivity 

A sensitivity analysis has been done showing the influence of changes in the most relevant parameters. 

 Room temperature 

An increment or a decrease of 1 ºC on the room temperature produces a variation around 11 % in the 

heating energy demand. A temperature of 21 - 22 ºC during the day ensures a minimum of habitability 

conditions. 

It can be considered that the temperature vary from one room to another. For example, in the 

bathroom can exceed this temperature to 23 °C and the rooms that are not usually used up to 18 °C.  

To heat the building with a room temperature above 22 ºC implies a significant waste of energy. 

 U-Value 

The variation produced in the energy consumption having better U-Values shows the importance of 

having a good insulation system. 

In this case, the new consumption is one third less than before. 

 Infiltration 

Through the analysis of the infiltrations in the building, it can be shown that they have an important 

impact not only in the comfort of its users but also in the level of energy efficiency of the building. It is 

obvious that when the outside temperature is low, have an income of cold air inside the building 

increases the heating energy demand. 

A small increment in the value of air changes per hour produces a significant higher heating energy 

demand. For example the heating energy demand from 0,5 to 1 air changes per hour is increased a 

28,9%. 
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9 Pilot Site overview 

9.1 General Description 

The purpose of the visit is to evaluate the baseline situation of the building providing the starting point 

for the renovation DREEAM approach. 

This technical baseline will be focus on the gathering of information about: 

 Passive technologies: The thermal properties of the walls, roof, etc. analysing in which conditions are 

they currently and the features of the windows. 

 Active technologies: Identifying every component of the installation of the buildings including electrical 

parts, heating systems, storage and lighting among other things. 

 

9.2 Buildings Description 

The visit took place in the city of Landskrona (Sweden) in social housing buildings located in 

Koppargården. 

 

Figure 84 Koppargården 
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The energy production is located only in one of the buildings and supply the others. From the entire 

construction, two buildings were examined: the one with the heating production and another one. 

 

 

Figure 85  Façade of the building visited 

 

Figure 86 Elevation plan 
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9.3 BO requirements and objectives 

To carry out the pilot visit, the collaboration of the building owners is required to allow the other 

collaborating parts in the visit to gather as much information as possible that can be used after the 

visit to make a deep analysis about the current situation of the building. For it, Landskronahem AB has 

made available the entry to different flats and technical rooms allowing to make a thermography 

analysis, to measure the thermal transmission of the passive components and to analyse the active 

components. 

The main objective of the building owner about this visit is to have an understanding of the current 

situation of their properties. This information must cover the components of the building and the 

energy consumption of the social housing. It will be the first step of the renovation process. 

9.4 Information needed  

To perform the analysis of the building and compare the data obtained from the measurements it is 

necessary to have the construction plans which include every information about the typology, 

orientation, dimensions, components and details of the building. 

Landskronahem AB has provided  some information that allow Exeleria to get a deep study of the 

building. 

This information includes: 

 Building spaces Lay-out 

 Elevation drawings 

 Envelope components detailed description 

 Heating & DHW technical drawings (central production systems schemes) 

 Energy consumptions of the central heating & DHW systems 
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10 On site data gathering 

10.1 Pasive components 

10.1.1 Thermographic analysis 

The detailed information related to the thermographic analysis could be found in the methodology 

document included in the annexes. 

To carry out the thermographic analysis, a minimum  thermal conditions for the difference of 

temperature between indoor-outdoor were necessary. 

The temperature inside the building during the thermographic work  ranged between 17 and 19 °C. 

The temperature outside was around 1 ºC. Which means a difference between 16-18 ºC. 

After de thermographic analysis in the different parts of the building we can obtain the following 

conclusions: 

There are small thermal bridges in the corners of the façade against the outside air. We can appreciate 

a difference of temperature around  3 ºC. 

 

Figure 87 Thermal bridge in a corner 

In the following photo important points with very low temperature between de window and the wall 

can be seen. There is a very high difference of temperature between de top of the window (5 ºC) and 

the wall (17 ºC): 
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Figure 88 Window 1 

Another example of window, but this time the minimal temperature is lower (3 ºC): 

 

Figure 89 Window 2 

In the following photo we can see that the water heated is not well distributed along the radiator.  

 

Figure 90 Radiator 

There are some parts of the Heating and DHW heat transfer substation (where the exchange with the 

district heating network occurs) installation without a insulation system, therefore there are a high 

loss of energy. 
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Figure 91 Lack of insulation 

The façade analysis from the outside shows the point with highest temperature are in the windows 

and a homogeneous temperature around -3 ºC along the wall.  

 

Figure 92 Façade 

Generally, there is no presence of humidity, leaks of energy in the heating system or significant 

differences in the envelope components. 

 

10.1.2 U-Value analysis 

To ensure the accuracy of the measurements the ideal conditions required are: 

 Temperature difference (outdoor - indoor) of at least 15 ºC 

 External surfaces un exposed to solar radiation 

A representative batch within each pilot case based on construction features (num. of bedroom, 

orientation, m2…) is selected. The equipment for measuring U-values include heat flux meters, 

thermistor temperature probes and data-loggers. 
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For the analysis of the building envelope five components of it have been analysed and obtained the 

currently U-value of them. 

Two information sources has been compared, measured U-values (coming from the field 

measurements) and calculates U-values (based on the composition information provided by the BO 

and some assumptions about the thickness of some components). 

The results obtained are: 

Number Component U-Value obtained 
[W/m²K] 

U-Value 
calculated 
[W/m²K] 

1 Wall against exterior air 0,609 0,49 

2 Wall against exterior air 0,509 0,59 

3 Wall against exterior air 0,928 0,49 

4 Wall against exterior air 1,234 0,59 

5 Roof against exterior air 0,736 0,40 

 

Following this a detailed description of the measurements: 

 

1. Wall against exterior air. This is the wall located on a balcony oriented to SE. The results obtained 

are: 

 Temperature difference: 17,3 ºC 

 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

17.02.2016 9:27:55 0,609 16,82 18,20 72,00 0,9 

 

Comparing with the data obtained theoretically: 

[mm] Composition [mm] Thickness U-Value 
[W/m²K] 

Concrete light (150) 
Brick (120) 

270 0,49 

 

 

Figure 93 U-Value analysis of the roof 
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2. Wall against exterior air. This is a wall with windows situated in the kitchen oriented to NE. The 

results obtained are: 

 Temperature difference: 16,2 ºC 

 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

17.02.2016 9:56:13 0,509 16,40 17,47 71,00 1,3 

 

Comparing with the data obtained theoretically: 

[mm] Composition [mm] Thickness U-Value 
[W/m²K] 

Concrete (150) 
Mineral wool (50) 
Brick (120) 

320 0,59 

 

 

Figure 94 U-Value analysis of the wall 

3. Wall against exterior air. This is the wall situated in a room oriented to NW. The results obtained are: 

 Temperature difference: 16,1 ºC 

 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

17.02.2016 11:28:45 0,928 15,83 17,77 69,70 1,7 
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Figure 95 U-Value analysis of the wall 

4. Wall against exterior air. This is the wall of the stair case oriented to NE. The results obtained are: 

 Temperature difference: 14 ºC 

 Solar radiation:  Barely influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

17.02.2016 10:22:28 1,234 13,60 15,85 66,80 1,9 

 

 

Figure 96 U-Value analysis of the wall 

5. Roof against exterior air. This is the roof situated in the third floor against exterior air. The results 

obtained are: 

 Temperature difference: 13,3 ºC 

 Solar radiation:  Not influenced 

Date Time U-Value 
[W/m²K] 

Tw 
[ºC] 

Ti 
[ºC] 

Hr 
[%] 

To 
[ºC] 

17.02.2016 17:55:13 0,736 15,71 17,0 60,3 3,7 

 

Comparing with the data obtained theoretically: 
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[mm] Composition [mm] Thickness U-Value 
[W/m²K] 

Concrete (200) 
Glass wool (50) 

250 0,4 

 

 

Figure 97 U-Value analysis of the wall 

10.1.3 Windows 

The basic features of the windows can be obtained using the application PRISM@VER 2012 which gives 

the user the number of layers of glass, their thickness and the length of the cavity between glasses. 

Landskronahem AB has provided  the information about the windows. Those are 2-glazed with an air 

cavity and wood frame. 

These features suit with the U-Value provided by Landskronahem of 2,0 W/m²K: 

 

Figure 98 Window and the analysis of it 
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10.2 Active Components 

10.2.1 Heating & DHW production 

For the heating and DHW production in the building a district heating system is used. This is  a system 

for distributing heat generated in a centralized location for residential and commercial heating 

requirements such as space heating and water heating. In Landskrona, the district heating is generated 

by a mix of energy sources as biomass and residual heat among others. 

A heat exchanger is required to provide in the building the heat from the system. In the pilot site the 

exchange is located in the building of the following photo:  

 

Figure 99 Building with heat exchange 

In that building 3 heat exchangers are located: 

 Two heat exchangers for the DHW 

 One heat exchanger for the heating system 
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Figure 100 Heating installation 

10.2.2 Terminal units 

A terminal unit is the part of an installation which receives hot or cool air or water from a centralized 

system to provide heat or cool on a conditioned area. 

The terminal units found in the building are: 

 Radiators: Are the elements used in the building to transfer the heat generated by the district heating 

system. There are located one radiator per room and the dimensions of it depends on the area to be 

heated: For example we can find a 1,5 x 0,7 m (34 modules) in the living room and 0,5 x 0,7 m(12 

modules) in the bathroom. 

 

  

Figure 101 Examples of radiators in living room and in bathroom 

In most of the rooms they are located under the windows or near it when possible. 
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All radiators have a thermal valve consisted in an automatic device coupled to a thermostatic valve body 

that actuates the shaft opening thereof, which controls the flow of water flowing through the emitter 

and therefore its thermal power.  

 

Figure 102 Regulation in a radiator 

In some radiators there is a conduct for the ventilation air supply, the system forces the outdoor air to 

pass through the radiators with the purpose to heat the air which comes from the outside before it is 

introduced in the room and therefore improve the thermal comfort. 

 

 

Figure 103 Ventilation System 
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10.2.3 Lighting 

Room lighting can be general, punctual, ambient or decorative. 

Depending on the lamp: 

 Incandescent: a wire filament is heated to a high temperature, by passing an electric current through it. 

They have a very low efficiency (5%) 

 Halogen: is an incandescent lamp that has a small amount of a halogen such as iodine or bromine added. 

They have a lifetime around 1.500 hours of use. 

 Fluorescent: is a low pressure mercury-vapor gas-discharge lamp that uses fluorescence to produce 

visible light. They are more expensive than incandescent but they have more efficiency and life. 

 Low consumption:  are also fluorescent lamps adapted to the size, shape and stands of conventional 

bulbs. They are more expensive but easily to be depreciated with a lifetime between  6.000 and 9.000 

hours. 

 LED: it is a p–n junction diode, which emits light when activated. LED lamps have a very high efficiency 

(around 90%) Despite of its high price, they are the best option at long term. 

 

The kind of lamps used in the building and it powers depends on the decision of the tenants. Generally 

the most used are: 

 

 Incandescent: This kind of lamp is very common for the bedrooms and living-room with power range 

between 40 and 60 W. 

 

 

Figure 104 Incandescent lamp 

 Fluorescent: This kind of lamp is used for the kitchen and toilets. 

 



  

 

 

103 / 222  

 

 Low consumption lamp: This kind of lamp is used in many rooms in the building. 

 

  

Figure 105 Low consumption lamps 

The consumption of lighting and appliances will be taken into consideration for the baseline analysis 

but not for the next steps due to the difficulty to establish energy savings measurements because of 

the variety and number of devices, the behaviour of the user, etc.  
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11 Simulation analysis 

11.1 Hourly analysis program software 

The main goals of this simulation are: 

 To help to verify that the measured U-values and gathered building information are able to explain the 

current energy consumption.  

 Sensitivity analysis of the different parameters, seeking for those parameters that have influence on 

energy consumption.  

 Feasibility check: This model will be the starting point for the feasibility check to be developed later on. 

11.1.1 Introduction 

HAP is designed for consulting engineers, design/build contractors, HVAC contractors, facility 

engineers and other professionals involved in the design and analysis of commercial building HVAC 

systems. 

In addition, HAPs 8760 hour energy analysis capabilities are very useful for green building design. For 

instance, HAP energy analysis results are accepted by the US Green Building Council for its LEED®1 

(Leadership in Energy and Environmental Design) Rating System. Visit the USGBC's website, 

www.usgbc.org, for more LEED info. 

11.1.2 Load calculation 

HAP software uses: 

 ASHRAE Transfer Function cooling load calculation procedures,  

 ASHRAE design heating load calculation procedures, ASHRAE design weather data.  

 ASHRAE design solar calculation procedures. 

Features: 

 Calculates space and zone loads 24-hours a day for design days in each of the 12 months. In doing so it 

calculates heat flow for all room elements such as walls, windows, roofs, skylights, doors, lights, people, 

electrical equipment, non-electrical equipment, infiltration, floors and partitions considering time of 

day and time-of-year factors. 

 Performs detailed simulation of air system operation to determine cooling coil loads and heating coil 

loads and other aspects of system performance 24-hours a day for design days in each of the 12 months. 

 Analyses plenum loads. 

 Considers any operating schedule for HVAC equipment from 1 hour to 24 hours in duration. 

 Permits hourly and seasonal scheduling of occupancy, internal heat gains, and fan and thermostat 

operation. 

 

On the following figures are displayed some examples of the type of data required in HAP simulation 

related to design weather inputs but also the outcomes provided by the HAP tool. 
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Figure 106 Design weather data 
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Figure 107 Example of February temperature 

11.1.3 Simulation approach in Landskrona 

In Landskrona each floor has been defined as a different space. According to the data provided by the 

Building owner, in our simulation we took into account all the building, that are number 11, 13, 15, 17 

and 19, because we have real energy consumption data related to all the building. 

 

Figure 108 Spaces definition 
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We have defined three different walls composition with different U-values, separating between walls 

faces to NE, NW and SE and also four different windows. In this first approach we have estimated the 

occupancy in each space, defining 24 people in each floor. According to construction and energy codes 

we also assume 5 W/m2 for lighting and 6 W/m2 for electrical equipment. 

Ventilation parameters are really significant in residential sector to assess the energy demand (Heating 

and Cooling) at the buildings. In Landskrona according to construction and energy codes we have 

estimated an infiltration of 0,50 ACH (Air Changes per Hour) which means a low level of infiltration. 

   

   

 

Figure 109 Spaces definition 

In the next figures we have the different walls and windows defined as well as an example of the type 

of input required by the tool. 
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Figure 110 Walls and windows definition 
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While defining a space, information about the construction of walls, roofs, windows, doors and 

external shading devices is needed, as well as information about the hourly schedules for internal heat 

gains. This construction and schedule data can be specified directly from the space input form (via links 

to the construction and schedule forms), or alternately can be defined prior to entering space data. In 

this first approach we have define three different schedules, once we get data related to real 

occupancy and people behaviour from WP4 we will introduce these information in our simulation. 

 

 

   

Figure 111 Schedule definition 

In Landskrona we have radiators as terminal units (Heating system) so the design supply temperature 

must be quite close to 55 ºC. Heating T-stat Set points is 22ºC. 
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Figure 112 System definition 
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Figure 113 Plant definition 

The Domestic Hot Water plant has been simulated taking into account 26 l/person/day, distribution 

losses of 5% and a design temperature of 60ºC. 
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Figure 114 Plant definition 

In the simulation one system of district heating provides DHW and water for heating in the five 

buildings. 

In the following figure we have the results that comes from the simulation tool. It shows the sum of 

heating and DHW consumption. 
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Figure 115 DHW simulation results 

The following photo shows the electric consumption in the building for the lighting and the electric 

equipment: 

 

11.1.4 Overview 

Energy system  [MWh/year] [kWh/m2year] 
 

Heating 1.029,2 72,9 
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DHW 219,6 15,6 

Lighting 240,8 17,1 

Electric equipment 289,0 20,5 

TOTAL 1.778,6 126,0 
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11.2 Analysis of sensitivity 

After the simulation analysis with the HAP tool, the following parameters have been modified to see 

how they affect to the result of the consumption: 

11.2.1 Room temperature 

For the current analysis calculated before, it has been considered a room temperature of 22 ºC while 

heated. An increment and a decrease of 1 ºC on this temperature has been modified and checked the 

variation on the energy demand. 

 

Figure 116 Energy demand in relation to room temperature 

The variation in percentage produced is: 

Temperature Heating energy demand 
[MWh] 

-1 ºC -8,0 % 

22 ºC 1.029 

+1 ºC +8,3 % 

 

11.2.2 U-Value 

In the following analysis the U-Values measured are compared with the current values (source:BPIE[4]) 

that a new construction in Sweden can have: 
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Figure 117 Energy demand in relation to the U-Value 

U-Value Heating energy demand 
[MWh] 

Measured 1.430 

New constuction 957 

Difference -33 % 

 

11.2.3 Infiltration 

For the current analysis calculated before, it has been considered an infiltration of 0,55 air changes 

per hour. An increment or decrease of it modify the heating energy demand: 

 

Figure 118 Energy demand in relation to the infiltration 
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Air Changes per Hour (ACH) Heating energy demand 
[MWh] 

0,25 -30,4 % 

0,50 1.029 

1 +66,8 % 

 

A discussion on how to use for this simulation analysis is done in the conclusions section. 

 

11.2.4 Overview 

Energy system [MWh/year] 

Heating 1.029,2 

DHW 219,6 

Lighting 240,8 

Electric equipment 289,0 

TOTAL 1.248,8 
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12 Summary and conclusions 

12.1 Passive Components 

12.1.1 Thermographic analysis 

From the thermographic analysis we can get the conclusion that generally, there is no presence of 

humidity, leaks of energy systems or significant differences in the envelope components. Despite of 

this, there are important areas to take into consideration where exist thermal bridges as for example 

the upper side of the windows (Figures 88 and 89) maybe due to a problem in the rubber seals.  

Concerning to the distribution of hot water in the radiators (Figure 90) that must be located along 

them in the same proportion in every radiator.  

The thermographic analysis done in the technical room (Figure 91) shows that there are heat loses in 

the part of the installation where there are no insulation system. 

12.1.2 U-Value analysis 

Generally, the values obtained are not high (under 1,0 W/m2K)  except for the wall oriented to the NW 

which have a higher U-Value compared with the other walls of the building. 

The values obtained during the measure are very similar in some cases to the values calculated with 

the composition provided by Landskronahem AB (considering the insulation thickness taken in the 

cases where they have not been provided). 

12.1.3 Windows 

The windows demonstrate a very good isolation. The calculated U-Value provided of 2,0 W/m2K 

matches with the features of the windows . 

Regarding to the thermal bridges analysed before, the joint between windows and wall must be 

supervised. 

12.2 Active Components 

12.2.1 Heating & DHW production 

In spite of the district heating is a modern system, as seen in the thermographic analysis, there are 

many points of the installation without insulation that it must be applied. 

12.2.2 Terminal units 

In the case of the radiators, the control of the heating depends on the user which can do that regulating 

the thermostatic valve depending on their thermal comfort (not on the room temperature or the 

outside temperature). This system can be only efficient when the user is taught from an efficiency 

point of view, but in practice they are normally used in an ON/OFF position. 
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It must be also checked if the water heated is well distributed along all the radiators according to the 

thermographic analysis. 

12.2.3 Lighting 

There are installed a significant number of lamps that suppose a waste of energy comparing with the 

newest kind of lamps as LED or low consumption lamps. The use of lamps with a high nominal power 

in a dwelling increase significantly the power consumption considering the total amount and the 

number of hours they are working. 
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12.3 Simulation analysis 

12.3.1 Results obtained 

In the following figure are compared the simulation result with the real consumption obtained during 

the last three years from the district heating supplier. The consumption in MWh describes a curve 

descending from winter to summer, having linear shape in summer (DHW consumption) and ascending 

again in winter (heating period): 

 

 

Figure 119 Real consumption and simulation 

Month 2013 2014 2015 Simulation 

January 267,57 268,30 239,38 244,30 

February 249,73 196,76 216,59 176,94 

March 273,05 178,07 171,40 159,09 

April 166,77 117,67 130,04 75,63 

May  57,41 69,95 110,64 18,77 

June 28,57 21,65 95,65 18,06 

July 33,09 22,09 85,95 18,65 

August 17,14 19,11 41,63 18,65 

September 50,00 43,55 56,52 24,99 

October 97,68 91,94 129,43 98,76 

November 184,68 175,08 141,87 169,68 

December 214,32 229,61 183,52 225,29 

TOTAL 1.640,01 1.433,78 1.602,62 1.248,83 

 

The tendency of the curve is the same every year, but it has some outliers, as for example in March 

2013 we can appreciate a higher consumption that can mean, this month was colder than usually or it 
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happened a problem in the installation. Landskronahem AB warned also about the consumption 

during 2015 is not reliable due to a problem in the installation, as we can see there is an extremely 

high consumption in summer. Therefore, a consumption average has been done avoiding those 

variations: 

 

 

Figure 120 Simulated and average consumption 

 

Month Average Simulation 

January 258,42 244,30 

February 206,68 176,94 

March 174,74 159,09 

April 117,67 75,63 

May  63,68 18,77 

June 25,11 18,06 

July 27,59 18,65 

August 18,13 18,65 

September 46,77 24,99 

October 106,35 98,76 

November 167,21 169,68 

December 209,15 225,29 

TOTAL 1.421,49 1.248,83 

 

  

0,00

50,00

100,00

150,00

200,00

250,00

300,00

Simulation Average



  

 

 

122 / 222  

 

The simulation result matches quite good with the average consumption. The total average 

consumption and the simulated are very similar, differing by around 10% and the shape of the curve 

matches pretty well stating that the assumptions taken in the monetization are reasonable: 

Consumption  [MWh] 

Simulation 1.249 

Average 1.421 

Difference 12 % 
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12.3.2 Analysis of sensitivity 

A sensitivity analysis has been done showing the influence of changes in the most relevant parameters. 

 Room temperature 

An increment or a decrease of 1 ºC on the room temperature produces a variation around 8 % in the 

heating energy demand. A temperature of 21 - 22 ºC during the day ensures a minimum of habitability 

conditions. 

It can be considered that the temperature vary from one room to another. For example, in the 

bathroom can exceed this temperature to 23 °C and the rooms that are not usually used up to 18 °C.  

To heat the building with a room temperature above 22 ºC implies a significant waste of energy. 

 U-Value 

Instead of the good values obtained during the measure in Landskrona, those values are high if we 

compare them with the current values for new constructions. After the analysis of the building with a 

better values it is shown the importance of having a good insulation system. 

The energy demand obtained with those values is around 33 % less than the one calculated with the 

U-Values measured. 

 Infiltration 

Through the analysis of the infiltrations in the building it can be shown that they have a very important 

impact not only in the comfort of its users but also in the level of energy efficiency of the building. It is 

obvious that when the outside temperature is low, have an income of cold air inside the building 

increases the heating energy demand. 

As we can see in the figure of infiltrations, a small increment in in the value of air changes per hour 

produces a significant higher heating energy demand. For example the heating energy demand from 

0,50 to 1 air changes per hour is increased a 66%. 
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13 Annexes 

1. Methodology used 

2. Damp report (Padiham) 

3. Electricity bills (Padiham) 

4. ECP (Padiham) 

5. Treviso 1st Pilot site Baseline description 
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13.1 Methodology used 



  

 

 

126 / 222  

 

1. 
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13.2 Damp report (Padiham) 
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2. 
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13.3 Electricity bills (Padiham) 
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3. 
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13.4 ECP (Padiham) 



  

 

 

174 / 222  

 

 
  



  

 

 

175 / 222  

 

13.5 Treviso 1st Pilot site Baseline description 
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4. 
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