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Houses use energy in thermal conditioning and have loses in the building envelope. The highest of its loses are in the thermal bridges and we it is important to save energy because the energy we used doesn’t come from a 100% renewable and no contaminants sources.  

Kaho Sint-Lieven University has a research team in Thermal insulation analysis and they designed an extension of a builing in the technology campus of Gent studying the thermal bridges and using renewable matertials.

The object of this master thesis project is the analysis of construction details used in this building. For the calculations the real data material provided by the supplier, usually the thermal conductivity, in W/(m·K), will be used.

The value used is the linear thermal transmittance or Ψ-value (W/(m·K)). This parameter measures the extra heat loss through the thermal bridge over and above the heat loss through the adjoining plane elements.
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1. [bookmark: _Toc357529133][bookmark: _Toc357552541][bookmark: _Toc360039915]INTRODUCTION. BACKGROUND

Houses use energy in thermal conditioning and have loses in the building envelope. The highest of its loses are in the thermal bridges and we it is important to save energy because the energy we used doesn’t come from a 100% renewable and no contaminants sources.  
Politicians have made ​​a great effort on environmentalism. The most important agreement is the Kyoto protocol, a global agreement to reduce greenhouse gases. This protocol is no followed by every nation but it is the biggest agreement in environmentalism in the world.
In the European Union the EPBD (energy performance of buildings directive) is responsible for complying  with the Kyoto agreement within the Union in the building field. It says that 40% of our energy is consumed in buildings. It is important to say that each European member state has its own regulation following this directive.
An interesting standard to consider is the Passive House (or building) standard. A passive building is very well-insulated one which energy losses are minimized. This standard is interesting but not mandatory.

1.1 [bookmark: _Toc357529134][bookmark: _Toc357552542][bookmark: _Toc360039916]Kyoto protocol

The Kyoto Protocol is an international agreement linked to the United Nations Framework Convention on Climate Change, which commits its Parties by setting internationally binding emission reduction targets.
Recognizing that developed countries are principally responsible for the current high levels of GHG emissions in the atmosphere, this Protocol places a heavier weight on developed countries under the principle of "common but differentiated responsibilities."
The Kyoto Protocol was adopted in Kyoto, Japan, in December 1997 and entered into force in February 2005. The detailed rules for the implementation of the Protocol were adopted at COP 7 in Marrakesh, Morocco, in 2001, called the "Marrakesh Accords." Its first commitment period started in 2008 and ended in 2012.
The second cominment, the "Doha Amendment to the Kyoto Protocol", is from 1 January 2013 to 31 December 2020. It was adopted in Doha, Qatar, in December 2012.
 The amendment includes:
· New commitments for Annex I Parties to the Kyoto Protocol who agreed to take on commitments in a second commitment period 
· A revised list of greenhouse gases (GHG) 
· Amendments to several articles of the Kyoto Protocol which referenced issues belonging to the first commitment period and which needed to be updated for the second period.

During the first commitment period, 2008-12, 37 industrialized countries and the European Community committed to reduce GHG emissions to an average of five percent against 1990 levels. The goal was reduced and we don’t know still the result but the goal has’t been reached. During the second commitment period, 2013-20, Parties committed to reduce GHG emissions by at least 18 percent below 1990 levels in the eight-year period; however, the composition of Parties in the second commitment period is different from the first.

 The Kyoto mechanisms
Under the Protocol, countries must meet their targets primarily through national measures. However, the Protocol also offers them an additional means to meet their targets by way of three market-based mechanisms:
· International Emissions Trading
· Clean Development Mechanism (CDM)
· Joint implementation (JI).
Monitoring emission targets

The Eropean Union and its then 15 Member States ratified the Kyoto Protocol in May 2002. Under this Protocol, the Eropean Union committed itself to cut greenhouse gas emissions by 8% from 1990 levels during the first commitment period (2008-2012) and 30% for the second period (2013-2020).


1.2 [bookmark: _Toc357529135][bookmark: _Toc357552543][bookmark: _Toc360039917]EPBD (energy performance of buildings directive)

The Energy Performance in Buildings Directive (EPBD) is a European Directive which promotes the improvement of the energy performance of buildings within the European  Union, taking into account outdoor climatic and local conditions, as well as indoor climate requirements and cost-effectiveness.

Reducing energy consumption is one of the main goals of the European Union (EU). EU support for improving energy efficiency will prove decisive for competitiveness, security of supply and for meeting the commitments on climate change made under the Kyoto protocol. With 40% of our energy consumed in buildings, the EU has introduced legislation to ensure that they consume less energy.

This Directive lays down requirements as regards: 
· the common general framework for a methodology for calculating the integrated energy performance of buildings and building units; 
· the application of minimum requirements to the energy performance of new buildings and new building units; 
· the application of minimum requirements to the energy performance of: 
· existing buildings, building units and building elements that are subject to major renovation; 
· building elements that form part of the building envelope and that have a significant impact on the energy performance of the building envelope when they are retrofitted or replaced; and 
· technical building systems whenever they are installed, replaced or upgraded;

· national plans for increasing the number of nearly zero- energy buildings; 
· energy certification of buildings or building units; 
· regular inspection of heating and air-conditioning systems in buildings; and 
· independent control systems for energy performance certificates and inspection reports.
The energy certification allows to the building user to know how energy efficient is the building as the rating energy is similar to the one used in aplliances.
The introduction of national laws meeting EU requirements was very challenging, as the legislation had many advanced aspects. Although only thermal bridges are mentioned once in EPDB, Annex I, the methodology shall be laid down, almost all the European member states incorporate requirements on thermal bridges.
In Belgium there are three regions so there are three regulations. In this master thesis the one used is the Flemish region EPB-regulation.
An important feature of the Flemish approach is the strict control scheme, where noncompliance may result in fines. In order to implement such an approach, a declaration (the so-called ‘EPB declaration’) of the executed works has to be made after the finalization of the building. But the most important point is the performance of the details. With 3 basic rules, easy to aply, the detail can be performanced in a high percentage. 

1.3 [bookmark: _Toc357529136][bookmark: _Toc357552544][bookmark: _Toc360039918]Passive house

The Passive Houses are nearly sufficient to keep the building at comfortable indoor temperatures throughout the heating period.

A Passive House is a very well-insulated, virtually air-tight building that is primarily heated by passive solar gain and by internal gains from people, electrical equipment, etc. Energy losses are minimized. Any remaining heat demand is provided by an extremely small source. Avoidance of heat gain through shading and window orientation also helps to limit any cooling load, which is similarly minimized. An energy recovery ventilator provides a constant, balanced fresh air supply. The result is an impressive system that not only saves up to 90% of space heating costs, but also provides a uniquely terrific indoor air quality. 
Althought this standard is called Passive House, it can be applied to any building



2. [bookmark: _Toc357529137][bookmark: _Toc357552545][bookmark: _Toc360039919]OBJECTIVES, METHODOLOGY

2.1 [bookmark: _Toc357529138][bookmark: _Toc357552546][bookmark: _Toc360039920]Objectives

The object of this master thesis is the analysis of construction details from the point of view of thermal insulation. For this purpose a real building will be used.
Kaho Sint-Lieven University is constructing a sustainable building extension (Figure 2.1.1)  in its Technology campus in Ghent which wants to be a model of saving energy and use of renewable materials.
 
[image: E:\ARQUITECTURA\CURSOS\CURSO 2012-13\MASTER THESIS\photos\Gent campus\DSCN9177.JPG]
Figure 2.1.1. Sustainable building in Technology campus Kaho University in Ghent

This building is explained in point 3. Case Study.
The objectives are:

· Analyse thermal bridges in the test school building, built to be a model of energy performance.
· Document and comment the details
· Compare results with benchmarks from energy standards like Flemish EPB and Passive House standard

2.2 [bookmark: _Toc357529139][bookmark: _Toc357552547][bookmark: _Toc360039921][bookmark: metho22]Methodology

[bookmark: _Toc360039922]2.2.1 Collecting λ–values 

Regarding materials, for this master thesis was important to calculate with the real thermal conductivity values (λ-value).  All the materials datasheets found are added in and the thermal conductivities are collected in paragrah 3.3 Materials and λ values.  Despite the efforts made to collect this information, it has been necessary to resort to other standars and databases in order to have all the data required for the calculation. 

Frame case
In the frame case, the data provided is U, considering Rse=0,04m2·K/W, Rsi=0,13m2·K/W and a thickness of 0,13m a  λ-value is obtained.

For the shutters and gaps has been necessary to use ISO 10077-2:
[bookmark: _GoBack]The ISO 10077-2:2011  specifies a method and gives reference input data for the calculation of the thermal transmittance of frame profiles and of the linear thermal transmittance of their junction with glazing or opaque panels.
The method can also be used to evaluate the thermal resistance of shutter profiles and the thermal characteristics of roller shutter boxes and similar components (e.g. blinds).
Also gives criteria for the validation of numerical methods used for the calculation.
Does not include effects of solar radiation, heat transfer caused by air leakage or three‑dimensional heat transfer such as pin point metallic connections. Thermal bridge effects between the frame and the building structure are not included.

Shutters
Shutters have been neglected and the shutter boxes  have been modeled as slightly ventilated air cavity according to ISO 10077-2.
This point is explained in point 6 Treatment of cavities. The most important definition is written in point 6.3.1.

Gaps in technical ceiling
Gaps in technical ceiling have been considered as unventilated air cavities according to ISO 10077-2. Air cavities are unventilated is they are completely closed or connected either to the exterior or to the interior by a slit with a width not exceeding 2mm according to ISO 10077-2.
In the point 6.3.3 Unventilated non-rectangular air cavities,
Cavities with one dimension not exceeding 2mm or cavities with an interconnection not exceeding 2mm shall be considered as separate.

For materials without datasheeet found two data base have been used:
· ISO 10456:2007 provides design data in tabular form for use in heat and moisture transfer calculations, for thermally homogeneous materials and products commonly used in building construction. This database is embedded in Flixo, the software used in this master thesis
Also this one specifies methods for the determination of declared and design thermal values for thermally homogeneous building materials and products, together with procedures to convert values obtained under one set of conditions to those valid for another set of conditions. These procedures are valid for design ambient temperatures between -30 °C and +60 °C.
And provides conversion coefficients for temperature and for moisture. These coefficients are valid for mean temperatures between 0 °C and 30 °C
· NBN B 62-002:2008. ISO 10456 hasn’t have brick database and this NBN has it.
Also this standard is indicated for:
· Thermal Performances Of Buildings
· Calculation Of Thermal Transmittances Of Building Components And Building Elements 
· Calculation Of Transmission And Ventilation Heat Transfer Coefficients.


[bookmark: _Toc360039923]2.2.2 Simplifying the detail.

One must prepare and simplify the detail. It is necessary to reach a speeder calculation. The same detail can be calculated in a few seconds or in more than one hour. 
The first step to simplify is deleting no useful elements in a thermal calculation. The second is simplified the geometry. For both steps is necessary to use three standards more:
· ISO 10211 to simplify in general.
· ISO 6946 to simplify the ventilated façade.
· ISO 10077 to simplify framewindows.
But these consist in:
· ISO 10211:2007 sets out the specifications for a three-dimensional and a two-dimensional geometrical model of a thermal bridge for the numerical calculation of:
· heat flows, in order to assess the overall heat loss from a building or part of it;
· minimum surface temperatures, in order to assess the risk of surface condensation.
· These specifications include the geometrical boundaries and subdivisions of the model, the thermal boundary conditions, and the thermal values and relationships to be used.

· ISO 6946:2007 provides the method of calculation of the thermal resistance and thermal transmittance of building components and building elements, excluding doors, windows and other glazed units, curtain walling, components which involve heat transfer to the ground, and components through which air is designed to permeate.

The calculation method is based on the appropriate design thermal conductivities or design thermal resistances of the materials and products for the application concerned.

The method applies to components and elements consisting of thermally homogeneous layers (which can include air layers).

· ISO 10077-1:2006 specifies methods for the calculation of the thermal transmittance of windows and pedestrian doors consisting of glazed and/or or opaque panels fitted in a frame, with and without shutters. This ISO allows for the following:
· different types of glazing (glass or plastic; single or multiple glazing; with or without low emissivity coatings, and with spaces filled with air or other gases);
· opaque panels within the window or door;
· various types of frames (wood, plastic, metallic with and without thermal barrier, metallic with pinpoint metallic connections or any combination of materials);
· where appropriate, the additional thermal resistance introduced by different types of closed shutter, depending on their air permeability.
The thermal transmittance of roof windows and other projecting windows can be calculated, provided that the thermal transmittance of their frame sections is determined by measurement or by numerical calculation.
Default values for glazing, frames and shutters are given.
Thermal bridge effects at the rebate or joint between the window or door frame and the rest of the building envelope are excluded from the calculation. The calculation also does not include effects of solar radiation, heat transfer caused by air leakage, calculation of condensation, ventilation of air spaces in double and coupled windows and surrounding parts of an oriel window.
This ISO does not apply to curtain walls and other structural glazing and industrial, commercial and garage doors.

The aplication of these standars are:
Simplifying  in general
The conditions for simplying the building in general, are explained in ISO 12011 point 5.3.2 Conditions for adjusting dimensions to simplify the geometrical model. This point allows deleting thin membranes which resist the passage of moisture, water vapor or wind-driven air and metallic layers that have a negligible effect on the heat transfer like metal flashing.
The most important condition is only materials with thermal conductivity less than 3W/(m·K) can be modified.

Simplifying the ventilated façade
The ventilated façade will be considered like well-ventilated air layer according to this ISO 6946 point 5.3.4 Well-ventilated air layer. The total thermal resistance the facade shall be obtained by disregarding the thermal resistance of the air layer and all other layers between the air layer and external environment, and including an external surface resistance corresponding to still air. (Annex A ISO 6946). Alternatively, the corresponding value of Rsi from Table 1 (0.13m2K/W) may be used and the software used in this master thesis, Flixo, uses it. Therefore the ventilated façade will be deleted for the calculations and a R=0.13m2K/W will be taken in its place.

Simplifying framewindows
The only material used with more than 3 W/(m·K) is the aluminum used in a few pieces in the frame windows  and in the shutters, for simplifying windows and their frame window the correct standard is  ISO 10077-1.  According to the point 4 Geometrical characteristics of this standard. In ISO 10077-2 in Annex D there are several examples of simplified frames. 
Finally the frame windows have been simplified in a new geometry with a new material that combines aluminum, still air and timber with a thermal conductivity provided by the trademark.

[bookmark: _Toc360039924][bookmark: adap223]2.2.3 Adapting length details 

The 3 standards used are:
· ISO 10211, explanained 2.2.2 Simplifying the detail, to adapt length indetails. In general.
· ISO 10077, explanained 2.2.2 Simplifying the detail too, to adapt length in windows details.
· Flemish region EPB-regulation. In windows details, it neglects the glass panel.


The aplication of these standars are:
Walls and slabs
The second step is determinate the details length. In 5.2.3 cut-off planes for a 2-D geometrical model of ISO 10211:2007 or Flixo tutorials is written where the cut-off planes must be situated the distance of dmin≥minium thickness, 1m far from the thermal bridge (figure 2.2.3.1).
[image: C:\Users\ROSA\Desktop\Sin título-1.jpg]
Figure 2.2.3.1  Location of cut-off panels for a 2-D geometrical model. ISO 10211:2007

Windows
For calculating frame windows you need to read ISO 10077-2 annex C or see flixo tutorial adapting the construction. 
The glazing is replaced by an insulation panel with thermal conductivity  λ=0,035W/(m·K) in accordance with C.1 Thermal transmittance of the frame section  in ISO 10077-2. Also, in this point are written the minimum dimensions (figure 2.2.3.2):

[image: C:\Users\ROSA\Desktop\panelihkjdigls.jpg]
Figure 2.2.3.2 C1 Thermal transmittance of the frame section. Annex C ISO 10077-2:2003

Another choice is using the Flemish region EPB-regulation. For this method is not necessary to become the glass in a panel with λ =0,035W/(m·K) because the glass is not necessary.

[image: ]
Figure 2.2.3.3 Joint between wall and window frame. Flemish EPB-regulation point 7.4 windows and doors connections
This option is more interesting because the most important in the detail is the joint between wall and window. The joint between glass and frame is resolved and tested by the trademark that sells the window. 


[bookmark: _Toc360039925][bookmark: _Toc357529143][bookmark: _Toc357552551]2.2.4 Boundary condition

	Type 
	Temperature
	Rsi, Rse
	Standard

	Exterior, normal
	0ºC
	0,04 m2K/W
	ISO 6947

	Exterior, ventilated
	0ºC
	0,13 m2K/W
	ISO 6946

	Interior, normal, horizontal
	20ºC
	0,13 m2K/W
	ISO 6947

	Interior, heat flux, upwards
	20ºC
	0,10 m2K/W
	ISO 6946

	Interior, heat flux, downwards
	20ºC
	0,17 m2K/W
	ISO 6946

	AOR, unheated room
	0ºC
	0,13 m2K/W
	Flemish EPB



Table 2.2.4.1 Boundary condition. Summary table

The option exterior ventilated boundary replaces the ventilated facade as explained in paragraph 2.2.2 simplifying the detail. According to ISO 6946, this option is not allowed to calculate windows. 
The exterior, normal boundary is used where there is no ventilated façade.
The interior, normal, horizontal is used when the heat flux is horizontal.
The interior, heat flux, upwards is used in the roof details. 
The interior, heat flux, downwards is used in the first floor slab that separates interior of AOR. 
The AOR boundary is used in the technical room because it’s not heated and also in the ground floor. The EPB-regulation, paragraph 7.2 More than two limit temperatures indicates that the temperature we must use to calculate in a non-heated room is the same than the external one. Also it indicates in which point the thermal linear transmittance must be calculated. See figure 2.2.4.1.
.


[image: C:\Documents and Settings\Rosa\Escritorio\gevalideerde numerieke berekeningen.jpg]
Figure 2.2.4.1 Joint between indoor heated rooms, not heated room and outdoor. Flemish EPB-regulation point 7.2 More than two limit temperatures


[bookmark: _Toc360039926]2.2.5 Calculating with software

Software used
In order to find a somewhat correct value of the heat flow and thermal conductance of elements in two- or three-dimensional construction details, one normally needs some kind of numerical calculation software (it is possible to evaluate these values by formulas, but numerical calculation are more accurate). The software used for this master thesis is Flixo. It produces thermal-hygro analyses of the component and facade cross sections, and it also calculates frame U-values, Ψ-values etc Flixo analyzes two-dimensional component nodes based with boundary conditions using the finite element method. This software is validated and conforms to both two-dimensional cases of ISO 10211:2007, Annex A and of ISO 10077:2003, Annex D.

Despite of using a software sometimes the calculation by hand has been necessary.

Importing detail
Now, one can start calculating with the software importing the simplified detail in .dxf extension.

Assigning materials
Then you assign materials with flixo database ( ISO 10456, ISO 10077-2) or create your own materials with λ -value provided by trademarks. As it is explained before, in this master thesis is important to calculate with the trademark data and use Flixo database when it will be not possible (ISO 10456).
In shutters it is necessary to use the tool air cavity EN ISO 10077-2 to assign materials unventilated air cavity or slightly ventilated air cavity.

Boundary conditions
With the values were explanained in 2.2.4 Boundary condition a Flixo option is chosen.

Calculating the linear thermal transmittance

According ISO 10211 point 10.3,  , the linear thermal transmittance is the heat flow rate in the steady state divided by length and by the temperature between the environments on either side of a thermal bridge. 
[image: C:\Users\ROSA\Desktop\MT a2 cal.jpg]l2
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Figure 2.2.5.1 detail A2 modeled in Flixo software
Ψ =  –U1·l1-U2·l2  W/(m·K)                     (1)
where:
Φ: heat flux (W/m)
ΔT: if there are more than 2 boundary condition temperatures.
U1: U-value for the whole construction part 1(W/m2K)
U2: U-value for the whole construction part 2 (W/m2K)
l1: length of the projection of the line segment 1
l2: length of the projection of the line segment 2
For determining the linear thermal transmittance, it is necessary to state which dimensions (internal or external) are being used because the value of the linear thermal transmittance depends on this choice. In this master thesis we will use the most external choice like it is indicated in EPB-regulation. See bellow figures 2.2.4.3, 2.2.4.3, 2.2.4.4.


[image: ]

Figure 2.2.5.2 Lenghts to calculate 𝜓 value. Flemish EPB-regulation point 7.4 windows and doors connections


[image: ]

Figure 2.2.5.3 Lenghts to calculate 𝜓 value. Flemish EPB-regulation point 6. conditions for the numerical

[image: C:\Documents and Settings\Rosa\Escritorio\gevalideerde numerieke berekeningen.jpg]

Figure 2.2.5.4 Joint between indoor heated rooms, not heated room and outdoor. Flemish EPB-regulation point 7.2 More than two limit temperatures

[bookmark: _Toc357529144][bookmark: _Toc357552552]
[bookmark: _Toc360039927]2.2.6 Comparison the results with Flemish EPB-regulation and Passive House standards

[bookmark: con_epb]Flemish region EPB-regulation. 
There are three options to take thermal bridges into account. The calculation is according to ISO 10211.
· Option A: detailed method.  It takes account all extra losses by multiplying for each thermal bridge the length/ number with the linear/point thermal transmittance. Although it is the most precise method, the time used to calculate is an important disadvantage.
· Option B: Method of the EPB-accepted nodes.  All the thermal bridges are classified into two categories: EPB-accepted and other thermal bridges. The EPB-accepted ones has a small fixed increase of total thermal transmittance (3 W/K). The other thermal bridges have a variable increase.
In figure 2.2.6.1 EPB-accepted nodes basic rules requirements are mentioned.

   Basic
   rules
and/or


Ψlim

1 Minimal contact length


2 Insertion of insulating element


3 path of minimal thermal resistance



Figure 2.2.6.1 .Option for the recognition of a thermal bridge as an EPB-accepted node in the new Belgian EPB-legislation
There are 2 important parts: the basic rules and the Ψ-value.
The basic rules consist in design rules which objective is minimize the heat loss in the thermal bridges getting better results with the first basic rule and the worst with the third one.

· The first one: minimal contact length. This rule requires that two connecting insulation layers need a sufficient contact length, which is at least half the thickness of the thinnest insulation layer. The extra losses at the junction were minimal. 

· Basic rule 2: insertion of insulating elements. When at a junction of two building envelope parts, it is not possible to bring the insulation layers within each element in contact with one another, an intermediate insulating element has to be foreseen that fulfils certain requirements: the thermal conductivity of the intermediate element has to be less than 0,2 W/(m·K), the thermal resistance of the intermediate element has to be at least half the smallest thermal resistance of the adjacent insulation layers and the contact length between insulating elements and adjacent layers has to fulfill basic rule 1. 

· Basic rule 3: path of minimal thermal resistance. When  the continuity of the insulation layer is not possible, the heat flow path from inside to outside (bypassing the insulation) needs to be sufficiently long. To determine the necessary length, different typical details have been numerically calculated to determine the linear heat transmission coefficient as a function of the length of the heat flow path. This rule 3 makes it possible to account for those situations where the only solution exists in wrapping insulation around the thermal bridge.
The Ψ-value calculations can be calculated according ISO 10211, where the linear  Ψ-values and/or the point χ-values are determined on the basis of validated 2D- or 3D computer calculation or estimated by using the tabulated values of ISO 14683.
In Belgium, this value is calculated based on exterior dimensions, which results in possible negative values for the linear transmittance coefficient. See table 2.2.5.1

	Type of thermal bridge
	Ψ -limit value

	External corners
-wall/wall connection
-other external corners
	
-0,10 W/(m·K)
0,00 W/(m·K)

	Internal corners
	0,15 W/(m·K)

	Wall/window and wall/door junction
	0,10 W/(m·K)

	Foundations
	0,05 W/(m·K)

	Balconies
	0,10 W/(m·K)

	Others
	0,00 W/(m·K)



Table 2.2.6.1  Limit values of linear transmittance coefficient. Belgian EPB-regulation
· Option C: No paying attention to thermal bridges and applying a large fixed penalty (10W/K) on the overall thermal transmittance increasing strongly in insulation in the different building envelope.

Figure 2.2.6.2 shows the abstract of EPB-regulation.


variable increase 
Option A : detailed method


Option B :EPB nodes


small fixed  increase  (3W/K)
EPB-accepted nodes

variable  increase 
Not EPB-accepted nodes


Large fixed increase (10W/K)
Option C : fixed increase



Figure 2.2.6.2 Options in Belgian EPB-regulation

[bookmark: con_ph]The Passive House (or building)
The Passive House concept represents today's highest energy standard with the promise of slashing the heating energy consumption of buildings by an amazing 90%. Widespread application of the Passive House design would have a dramatic impact on energy conservation. 
Passive performance Characteristics:
· Airtight building shell ≤ 0.6 ACH @ 50 pascal pressure, measured by blower-door test.
· Annual heat requirement ≤ 15 kWh/m2/year (4.75 kBtu/sf/yr)
· Primary Energy ≤ 120 kWh/m2/year (38.1 kBtu/sf/yr)

In addition, the following are recommendations, varying with climate:

· Window U-value ≤ 0.8 W/m2/K  
· Ventilation system with heat recovery with ≥ 75% efficiency with low electric consumption @  0.45 Wh/m3
Thermal Bridge Free Construction ≤ 0.01 W/(m·K)

Calls attention the Passive House standard that marks a limit Ψ–value for the thermal bridge regardless of their type.

 
For the purpose of this master thesis, the calculation of thermal bridges, only the limit
Ψ-values will be used. Results will be compared with the limit  Ψ-values EPB-regulation (Figure 2.2.5.3) and the Passive House standard, Ψ <0,01 W/(m·K)
 
	Type of thermal bridge
	Ψ limit value

	External corners
-wall/wall connection
-other external corners
	
-0,10 W/(m·K)
0,00 W/(m·K)

	Internal corners
	0,15 W/(m·K)

	Wall/window and wall/door junction
	0,10 W/(m·K)

	Foundations
	0,05 W/(m·K)

	Balconies
	0,10 W/(m·K)

	Others
	0,00 W/(m·K)



Figure 2.2.6.3 Limit values of linear transmittance coefficient. Belgian EPB-regulation 
[bookmark: _Toc357529153][bookmark: _Toc357552561][bookmark: _Toc360039928]
3. CASE STUDY
3.1 [bookmark: _Toc360039929]Building description

The building object is an extension of the E building in Kaho St. Lieven Campus in Ghent. The ground floor was built and the extension is three levels more (figure 3.1.1).

[image: C:\Users\ROSA\Desktop\fotos rosa\fotos rosa\IMG_0012.JPG]
Figure 3.1.1.sustainable building in Technology campus Kaho University in Ghent

The building has two classrooms (one in the first floor, and the other in the second one), 2 staircases (one indoor and the other outdoor) and an instalation room on the top of the building (third floor). (figures from 3.1.2 to 3.1.12 )
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Figure 3.1.2  North-East elevation                                                                   scale: 1/200
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Figure 3.1.3  South-West elevation                                                                   scale: 1/200

[image: C:\Users\ROSA\Desktop\escalas graficas 1-200 corta.jpg][image: C:\Users\ROSA\Desktop\JPG 1-200\2-200.jpg]          [image: C:\Users\ROSA\Desktop\escalas graficas 1-200 corta.jpg]
Figure 3.1.4  North-West elevation                                       Figure 3.1.5 South-East elevation   
scale: 1/200                                                                                                     scale: 1/200
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Figure 3.1.6 Cross Section through classrooms           Figure 3.1.7  Cross Section through stairs 
scale: 1/200                                                                                                      scale: 1/200
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[image: C:\Users\ROSA\Desktop\escalas graficas.jpg]Figure 3.1.8 Longitudinal section                                                                        scale: 1/200
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Figure 3.1.9  Ground floor                                                                                   scale: 1/200
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Figure 3.1.10  First  floor                                                                                   scale: 1/200
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Figure 3.1.11  Second  floor                                                                              scale: 1/200
[image: C:\Users\ROSA\Desktop\JPG 1-200\3-200.jpg]
[image: C:\Users\ROSA\Desktop\escalas graficas.jpg]


Figure 3.1.12  Roof floor                                                                                   scale: 1/200

The walls in the ground floor were built with common brick and they support the weight of the new building (figure 3.1.13). The  structure of the extension is the façade wall, consisting in timber I-beams that support the new portion’s weight and it serves as a support for the construction of the wall façade. The floors are constructed with HC slabs and the roof is made of the same timber I-beams named. 

[image: C:\Users\ROSA\Desktop\fotos rosa\fotos rosa\IMG_0009.JPG]
Figure 3.1.13. Joint between first and second floor.


The I-beams are situated in the whole envelope. In the walls, they support OSB3 boards or thermo bricks indoor’s and fiber boards outdoor. Between the beams there are paper insulation flakes and the façade is a ventilated one finished with ceramic tiles. See figures 3.1.14 and 3.1.15 . In the roof, the I-beams support the OSB3 boards outdoor’s and a humidity control sheets indoor , see figure 3.1.16.
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Figure 3.1.14. Facade second floor.
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Figure 3.1.15 Facade first floor
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Figure 3.1.16 roof

Calls attention the huge difference in the façade U-values. Althought all the walls are structural, the ground U-value its much larger than the others one. It’s important to remember that the fisrt and second floor have been design for the extension building.
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       Ground floor                               First floor                                     Second floor
      U=2,252W/(m2·K)                   U=0,113 W/(m2·K)                          U=0,118W/(m2·K)
Figure 3.1.17. Facades and their U-values

The windowframe (see figure 3.1.18) is made of wood and has air holes inside its frame. These type of windows are used in details B1, B2, C2,C3,C4,C5, figure 3.1.19. . They  correspond to the classrooms and they are situated  in the thermal envelope (see thermal envelope in figures 3.1.21 and 3.1.22). 
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Figure 3.1.18 Frame window used in the classrooms
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Figure 3.1.19 Cross Section through classrooms. Location details                           scale: 1/200                                                                                           

The joint between the new and the old parts are made with cellular glass. The ground brick wall is finished with a concrete ring and above it the cellular glass which allows support the first floor slab and the façade weight (the building weight) and minimize the thermal bridge. See figure 3.1.20
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Figure 3.1.20. Facade second floor 
The details considered in this master thesis are the ones in the thermal envelope, classrooms-outdoor and classrooms-old portion. See figures 3.1.21 and 3.1.22.
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Figure 4.1.21. Second floor
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Figure 3.1.22 Longitudinal section
3.2 [bookmark: _Toc357529156][bookmark: _Toc357552564][bookmark: _Toc360039930]Details
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Figure 3.2.1  Longitudinal section. Location details                                              scale: 1/200
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Figure 3.2.2 Cross Section through classrooms. Location details                           scale: 1/200                                                                                           
	DETAIL A1
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Figure 3.2.3 Detail A1 Scale 1/10

	DETAIL A2
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Figure 3.2.4  Detail A2 Scale 1/10

	DETAIL A3
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Figure 3.2.5 Detail A3 Scale 1/10

	DETAIL B1
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Figure 3.2.6 Detail B1 Scale 1/10

	DETAIL B2
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Figure 3.2.7 Detail B2 Scale 1/10

	DETAIL C1
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Figure 3.2.8 Detail C1 Scale 1/10

	DETAIL C2
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Figure 3.2.9  Detail C2 Scale 1/10

	DETAIL C3
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Figure 3.2.10 Detail C3 Scale 1/10

	DETAIL C4
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Figure 3.2.11 Detail C4 Scale 1/10

	DETAIL C5

	
[image: C:\Users\ROSA\Desktop\JPG 1-200\1-400.jpg]

	




[image: C:\Users\ROSA\Desktop\detalles jpg\c4-c5\c4-c5-1.jpg]
[image: C:\Users\ROSA\Desktop\detalles jpg\c4-c5\c4-c5-1.jpg]
[image: C:\Users\ROSA\Desktop\detalles jpg\c4-c5\c4-c5-1.jpg]



[image: C:\Users\ROSA\Desktop\1-10.jpg]


Figure 3.2.12 Detail C5 Scale 1/10

	DETAIL D1

	[image: C:\Users\ROSA\Desktop\JPG 1-200\1-400.jpg]

	[image: C:\Users\ROSA\Desktop\detalles jpg\d1\d1-1.jpg]

[image: C:\Users\ROSA\Desktop\1-10.jpg]
Figure 3.2.13 Detail D1 Scale 1/10


3.3 [bookmark: _Toc357529155][bookmark: _Toc357552563][bookmark: _Toc360039931][bookmark: _Toc357529157][bookmark: _Toc357552565][bookmark: mat33]Materials and λ values

For this master thesis was important to calculate with the real thermal conductivity values (λ).  All the data sheets are added 5.2 trademark data sheets and table 3.3.1 shows a compilation of them with their standards. Sometimes this value didn’t appear in the data sheet and the value used is provided by ISO 10456 and NBN 62-002.

	Material
	Type
	λ
	standard

	 
	 
	W/(m·K)
	reference

	tiles
	generic
	1,3
	ISO 10456

	slightly ventilated air cavity
	ISO
	-
	ISO 10077-2

	wood fiber boards
	trademark
	0,05
	EN 13986

	cellulose
	trademark
	0,039
	ISO 10456

	OSB3
	trademark
	0,13
	EN 13986

	acoustic panel
	trademark
	0,063
	-

	timber 700kg/m3
	generic
	0,18
	ISO 10456

	timber 500kg/m3
	generic
	0,13
	ISO 10456

	timber window frames
	trademark
	0,1436*
	-

	timber flange I-beams
	trademark
	0,13
	EN 12524

	fibreboard web I-beams
	trademark
	0,18
	EN 12524

	plasterboard
	generic
	0,21
	ISO 10456

	concrete with 2%steel
	generic
	2,5
	ISO 10456

	thermo brick
	trademark
	0,26
	-

	celular glass
	trademark
	0,05
	-

	unventilated air cavity
	ISO
	-
	ISO 10077-2

	glasswool
	trademark
	0,04
	-

	Solid brick
	generic
	1,46
	NBN 62-002



Table 3.3.1 thermal conductivity materials values
* This λ value has been calculated with U-value given by the trademark (Afinco), 0,93W/(m2·K).

The trademark data sheets of these products are collected in Annex.



3.4 [bookmark: _Toc360039932]Results
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Figure 3.4.1  Longitudinal section. Location details                                              scale: 1/200
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Figure 3.4.2 Cross Section through classrooms. Location details                           scale: 1/200                                                                                           

	 
	Material
	λ

	 
	 
	W/(m·K)

	 
	slightly ventilated air cavity
	-

	 
	wood fiber boards
	0,05

	 
	cellulose
	0,039

	 
	OSB3
	0,13

	 
	acoustic panel
	0,063

	 
	timber 700kg/m3
	0,18

	 
	timber 500kg/m3
	0,13

	 
	timber window frames
	0,1436

	 
	timber flange I-beams
	0,13

	 
	fibreboard web I-beams
	0,18

	 
	plasterboard
	0,21

	 
	concrete with 2%steel
	2,5

	 
	thermo brick
	0,26

	 
	cellular glass
	0,05

	 
	unventilated air cavity
	-

	 
	glasswool
	0,04

	 
	solid brick
	1,46



Table 3.4.1 Legend of materials

	 
	Type
	Temperature
	Rsi, Rse

	 
	Exterior, normal
	0ºC
	0,04 m2K/W

	 
	Exterior, ventilated
	0ºC
	0,13 m2K/W

	 
	Interior, normal, horizontal
	20ºC
	0,13 m2K/W

	 
	Interior, heat flux, upwards
	20ºC
	0,10 m2K/W

	 
	Interior, heat flux, downwards
	20ºC
	0,17 m2K/W

	 
	AOR (unheated room)
	0ºC
	0,13 m2K/W



Table 3.4.2 Legend of boundaries
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     Figure 3.4.3 Legend of isotherms                     Figure 3.4.4 Legend of streamlines

	DETAIL A1

	
Ψ-value obtained

-0,023 W/(m·K)
	
Ψ-EPB  regulation

0 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.5 Results. Detail A1
This detail is the joint between the façade and the roof. 
The sill roof has been replaced for a secction boundary because it had no relevance in the calculation because the two sides of the sill are outdoor.
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Figure 3.4.6. Detail A1

The rest of the section is modeled as explained in section 2.2.3 Adaptaing length details in autocad software according to ISO10211, ISO 10077-1, ISO 10077-2, ISO 6946.
The alternative roof construction ia a concrete slab but the elements that make this corner are timber I-beams. The web, made of fibreboard has a λ -value of 0,18W/(m·K), and the flanges are made of wood with 0,13W/(m·K).  This value is much lower than concrete reinforced with 2% steel, 2,5 W/(m·K). Also the insultaing material, cellulose, fills the most in the section.
With these characteristics is very easy to get a low Ψ-value, and reach loosely the EPB-regulation Ψ-value, the most  restrictive in this case.

	DETAIL A2

	
Ψ-value obtained

0.132 W/(m·K)
	
Ψ-EPB  regulation

0,15 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.7 Results. Detail A2

This detail is the joint between the first and the second floor. It’s easy to check the detail is well-solved. 

The insulation material in front of the slab height is glaswool which has almost the same λ-value than the cellulose but it is easier to work with. Cellulose has no shape, and it has to be blown, and glasswool is malleable.

Timber with λ-value of 0,18W/(m·K) in the front of the slab breaks the continuity of thermal insulation, which, although of a different insultating materials has practically the same thermal conductivity, on the order of 0,04W/(m·K). The thermal bridge is creating the timber is very easy to see in streamlines.

It’s important to say that the slab could be longer and support directly the façade. Concrete has a thermal conductivity of 2,5W/(m·K) and timber 0,18W/(m·K).Like in detail A1, the thermal bridge is created by the timber but it is a better solution than a traditional one.

As we can see in isotherms the result is very good although this detail can’t arrive to the Passive House Standard limit value because of the structure necessity of supporting the concrete slab.





	DETAIL A3

	
Ψ-value obtained

0,024 W/(m·K)
	
Ψ-EPB  regulation

0 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.8 Results. Detail A3

This detail is the most important in the building. It is the joint between the new and the old part of the building, the ground floor and the first one. 

The room in the ground floor has been considered unheated, AOR, therefore the indoor temperature is 0ºC and the thermal envelope is the slab and the first floor façade. 

Although it appears that in this case the ground floor façade is not important it is, because of its joint with the concrete slab. Solid brick and concrete with 2% steel have a thermal condutivity of 1,46 and 2,5W/(m·K). These values are very high and the insertion of the cellular glass, with 0,05W/(m·K), between the concrete ring and the slab stops the thermal transmission as we can see in the streamlines and better in isotherms. Without this element the Ψ-value is increased until 0,19 W/(m·K). 

Regarding support of the facade on a timber element we find in one case as in the above details. When you can not avoid thermal bridges, timber is used.

With a façade that it is part of building structure, a ground floor wall made of brick with U=2,252W/(m2·K) and a concrete slab is very difficult to reach a good Ψ-value. The improvement with cellular glass from 0,19 to 0,024 W/(m·K) is very impressive.


	DETAIL B1

	
Ψ-value obtained

 0,123 W/(m·K)
	
Ψ-EPB  regulation

0,10 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.9 Results. Detail B1
This detail is the lintel of the second floor and its wall is the lightest in the thermal envelope because it only supports the roof.
The main heat losses are in the timber lintel and the window.  It’s easy to aprreciatte in streamlines.
 The small gaps between the beam web and the edge are filled with wood fiber boards which has thermal conductivity of 0,05W/(m·K) instead of cellulose with 0,039W/(m·K). The difficulty of commissioning work that requires blowing the cellulose becomes the wood fiber boards in the perfect material for filling the gaps despite the little increasing the thermal conductivity.
Other little gaps are filled with glaswool with 0,040W/(m·K).
The important improvement in this detail is the windowframe, it is made of wood with air holes inside that allow having a lower thermal conductivity.

[image: C:\Users\ROSA\Desktop\C___Users__ROSA__Dropbox___tesina__master thesis nueva__detalle con leyenda  28-05 Presentación1 _(1_).jpg]
Figure 3.4.10 Windowframe. Scale 1/5
It was told this detail is a lintel. It has to support loads, and the façade is the structure, so it is difficult to get a good Ψ-value.
	DETAIL B2

	
Ψ-value obtained

0,116 W/(m·K)
	
Ψ-EPB  regulation

0,10 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.11 Results. Detail B2

This detail is almost the same that B2. The indoor finishing is brick and the U-value, 0,113 W/(m2·K), is better than in B2,  0,118 W/(m2·K). We can see this improvement in the Ψ-value obtained 0,116 W/(m·K) and the B2 one, 0,123 W/(m·K).


	DETAIL C1

	
Ψ-value obtained

-0,020 W/(m·K)
	
Ψ-EPB  regulation

0 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.12  Results. Detail C1
This detail is the joint between the façade and the roof. This section is perpendicular to the detail A1 therefore the beams in the roof are situated longitudinally and they don’t appear in this calculation.
Like in detail A1, the sill roof has been replaced for a secction boundary because it had no relevance in the calculation because the two sides of the sill are outdoor.
[image: C:\Users\ROSA\Desktop\detalles jpg\c1\c1-1.jpg]
[image: C:\Users\ROSA\Desktop\detalles jpg\c1\c1-1.jpg]
Figure 3.4.13 Detail C1Scale 1/10

Almost all the section is refill with cellulose with λ-value, 0,039 W/(m·K) is much lower than an alternative material like concrete reinforced with 2% steel with 2,5 W/(m·K).

Also, all the materials have a λ-value much lower than the traditionals one. OSB3 with 0,13 W/(m·K) , timber with 0,18 W/(m·K).

With these characteristics is very easy to get a low Ψ-value, which allows to reach loosely the Ψ-value to EPB-regulation, the most restrictive in this case.

	DETAIL C2

	
Ψ-value obtained

0,131 W/(m·K)
	
Ψ-EPB  regulation

0,10 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.14 Results. Detail C2

This detail is like B1 but a shutter box that it’s modeled as air chamber slightly ventilated. This shutter box increases the Ψ-value obtained from 0,123W/(m·K) to 0,131W/(m·K).

With increasing the Ψ-value is further from the EPB-regulation and of course, much farther from the Passive House standard.


	DETAIL C3

	
Ψ-value obtained

0,042 W/(m·K)
	
Ψ-EPB  regulation

0,10 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.15 Results. Detail C3

This is the second floor windowsill. It doesn`t have to support loads so the closure wall only needs a very thin plywood. In small gaps the insulation used is glasswool with very similar thermal conductivity to cellulose. And the frame window is made of wood with  air holes inside.

[image: C:\Users\ROSA\Desktop\C___Users__ROSA__Dropbox___tesina__master thesis nueva__detalle con leyenda  28-05 Presentación1 _(2_).jpg]
Figure 3.4.16 Windowframe. Scale 1/5

It Ψ-value obtained, 0,042 W/(m·K), is comfortably below the established values ​​in the EPB-regulation but it doesn’t fit the Passive House standard.


	DETAIL C4

	
Ψ-value obtained

0,124 W/(m·K)
	
Ψ-EPB  regulation

0,10 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.17 Results. Detail C4

This detail is like B2 but a shutter box that it’s modeled as air chamber slightly ventilated. This shutter box increases the Ψ-value obtained from 0,116W/(m·K) to 0,124W/(m·K)

With increasing the Ψ-value is further from the EPB-regulation and of course, much farther from the Passive House standard.



	DETAIL C5

	
Ψ-value obtained

0,041 W/(m·K)
	
Ψ-EPB  regulation

0,10 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.18 Results. Detail C5

This is the first floor windowsill. This details is like C3 but he indoor finishing is brick and the U-value, 0,113 W/(m2·K) is better than in C3,  0,118 W/(m2·K). We can see this improvement in the Ψ-value obtained 0,041 W/(m·K) and the C3 one, 0,042 W/(m·K).

It Ψ-value obtained, 0,041 W/(m·K), is comfortably below the established values ​​in the EPB-regulation but it doesn’t fit the Passive House standard.


	DETAIL D1

	
Ψ-value obtained

0,054 W/(m·K)
	
Ψ-EPB  regulation

0,15 W/(m·K)
	
Ψ Passive Standard

0,01 W/(m·K)
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Figure 3.4.19 Results. Detail D1


This detail is the joint between second floor (down), the technical room (left) and the exterior (right). The beam supports the technical room roof and wall. 

The calculation model of the Flemish EPB requires consideration of the utility room, having no heating, AOR, and therefore and temperature considered is 0 °C.
Although this point is the point of greatest slope of the roof, and therefore the best deck isolated in the deck, the characteristics metioned before cannot allow get Ψ-value lower.

The  Ψ-value obtained is good but it can’t fit in Passive House standard.
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	Detail
	Type
	Ψ obtained
	Ψ-EPB
	Ψ-passive house

	
	
	W/m·K
	W/m·K
	W/m·K

	A1
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos1.jpg]
	-0,023
	0
	0,01

	A2
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos1.jpg]
	0,132
	0,15
	0,01

	A3
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos1.jpg]AOR

	0,024
	0,15
	0,01

	B1
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos1.jpg]
	0,123
	0,10
	0,01

	B2
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos1.jpg]
	0,116
	0,10
	0,01

	C1
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos2.jpg]
	-0,020
	0
	0,01


Table 3.5.1 Results1

	Detail
	Type
	Ψ obtained
	Ψ-EPB
	Ψ-passive house

	
	
	W/m·K
	W/m·K
	W/m·K

	C2
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos2.jpg]
	0,131
	0,10
	0,01

	C3
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos2.jpg]
	0,042
	0,10
	0,01

	C4
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos2.jpg]
	0,124
	0,10
	0,01

	C5
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos2.jpg]
	0,041
	0,10
	0,01

	D1
	[image: C:\Users\ROSA\Desktop\pasar a jpg\monos2.jpg]AOR

	0,054 
	0,15
	0,01



Table 3.5.2  Results 2
Only two details meet with Passive House limit. They are the details A1                       (-0,023W/(m·K)) and C1 (-0,020 W/(m·K)). They are the joint between the façade and the roof. There is no concrete slab and the elements that make this corner are timber I-beams. The web, made of fibreboard has a λ-value of 0,18W/(m·K), and the flanges are made of wood with 0,13W/(m·K).  This value is much lower than concrete reinforced with 2% steel, 2,5 W/(m·K).
Also these details meet with the Flemish EPB-regulation.
Every joint slab-façade meets with the EPB-regulation limit, 0,15 W/(m·K). Detail A2 is the second slab-first floor façade-second floor façade and ψ-value is 0,132W/(m·K). Detail A3 is the first slab-ground floor-first floor. In this case the slab is part of the thermal envelope because the room in the ground floor is unheated and therefore AOR according to EPB-regulation. The façade in the ground floor is solid brick and ψ-value is 0,024 W/(m·K). This good results is for the cellular glass, without it, 0,019 W/(m·K).
Detail D1 is the joint between roof and wall. It has an AOR too and and ψ-value is 0,054 W/(m·K).
The windowsill does meet with the Flemish EPB-regulation, but the lintels doesn´t. The explanation is that lintels have to support loads and the Flemish EPB-regulation has the same limit ψ-value to lintels and windowsill.
Also, calls attention so incredibly goods values in the corners roof-wall, in details A1 and D1, that meet with Flemish EPB-regulation and Passive House Standard. And moreover and the lintels results neither meet with none of the two.

Details roof-wall
Details A1 ande C1 are the corner roof-wall. In A1 we can see the beams and in C1 the same beams are situated longitudinally and resting in a timber element. See figure 3.5.1.
[image: C:\Users\ROSA\Desktop\jpg flixo\MT c1 cal.jpg][image: C:\Users\ROSA\Desktop\jpg flixo\MT a1 cal.jpg]
Figure 3.5.1 modeled details A1 and C1.

Apparently the worst solution is the A1 on e, we can see the beams breaking the insulation continuity.  But the Ψ-values are -0,023 and -0,020W/(m·K).

[image: C:\Users\ROSA\Desktop\jpg flixo\MT c1 cal stream.jpg][image: C:\Users\ROSA\Desktop\jpg flixo\MT a1 cal STREAM.jpg]
Figure 3.5.2 streamlines details A1 and C1.

If we see the streamlines (figure 3.5.2) we can see there is a concentration of streamlines in detail C1, the timber element.  The heat loss is bigger in this point and it explains the worst result in C1.

Details. Using cellular glass

Detail A3 (figure 3.5.3) is the joint between the new and the old part building. The joint between the slab and the concrete ring is solved with cellular glass which thermal conductivity is 0,05W/(m·K), considerably less than the concrete λ-value 2,5W/(m·K). 
The room in the ground floor is considered as AOR, therefore the building thermal envelope in this case is the slab and the first floor wall.
The cellular glass between the concrete ring and the slab stops the thermal transmission as we can see in the streamlines. Figure 3.5.4 This detail follows the basic rule 2, option B Flemish EPB-regulation, for inserting cellular glass to break the thermal bridge and continuing the insulation.
The thermal linear transmittance changes from 0,190 W/(m·K) without the cellular glass to 0,024W/(m·K) with it . See figures 3.5.4 and 3.5.5.


[image: C:\Users\ROSA\Desktop\detalles jpg\a3\a3-1.jpg] 

Figure 3.5.3 Detail A3. Scale 1:10
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[image: MT a3 cal STREAM]                         with cellular glass                                     without cellular glass
[image: MT a3 sin foamglass STREAM]Figure 3.5.4 Isotherms
                         with cellular glass                                     without cellular glass
Figure 3.5.5 Streamlines
Details. The geometry
Although it’s not necessary to get Ψ-values lower than Ψ-EPB these limits are interesting to make comparison. Every detail has values lower than Ψ-EPB but the windows with the lintel which limit is 0,10W/(m·K). The façade is a structural wall, it support the whole building weight, and need more timber in the lintel to open holes in it. This timber has the highest λ-value in the detail, 0,18W/(m·K) thus if we change  a little the geometry the values change substantially. See figure 3.5.6.

[image: C:\Users\ROSA\Desktop\MT b1 cal.jpg][image: C:\Users\ROSA\Desktop\MT b1 MENOS MADERA.jpg]
                                       Ψ =0,123 W/(m·K)                              Ψ =0,09 W/(m·K)                
                         original detail                                    with less timber
Figure 3.5.6 detail B1

Details. Lintels 

It’s interesting to compare lintels. In figure 3.5.7 we can see that the increase between details is not very large but if we compare B2-C2 is. The best detail is B2. This detail has the best U-value in its wall and there is no shutter.
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Figure 3.5.7 comparation between details with lintels
Details. Windowills
[image: C:\Users\ROSA\Desktop\jpg flixo\MT c2 cal.jpg][image: C:\Users\ROSA\Desktop\jpg flixo\MT c3 cal.jpg]Although windowsills has the same limit value in the EPB-regulation than lintels, they don´t have to support loads, thus the material piece is smaller and the Ψ-value too than in lintels. For example in a window, details C2 with lintel and C3 with windowsill, have 0,131W/(m·K) and 0,042 W/(m·K) and the limit in this regulation is 0,10W/(m·K). 
Figure 3.5.8 detail C2 and  C3
Flemish EPB-regulation has a limit ψ- value for windows. We have seen that the results has been very diferent in the lintels cases than in windowills ones.
The same thing happens with the unic limit ψ-value, 0,01 W/(m·K),  for Passive House Standard.
Conclusions

First, to formulate a conclusion, it’s important to list the measures used in the whole building.

We must emphasize the use of renewable materials, sometimes with similar characteristics, cellulose instead of polyurethane, or others much lower thermal charateristics, timber instead of concrete.

We have seen in all the details that the cellulose with λ-value 0,039 W/(m·K), the bulding insulating material, occupies almost the entire width of the front section. This allows to have a very little thermal transmittance in the facade, 0,118 and 0,113W/(m2·K), and in the roof about only 0,07W/(m2·K).

Another improvement is the façade ventilated that allows to move the Rse from 0,04m2K/W to 0,13 m2K/W. It is significant.

Also it’s important to say this building generally complies with Flemish EPB-regulation basic rules explaneined in point 2.2. methodology. And if you look at the illustrations in the Flemish EPB-regulation of the rules, see figure 3.5.9, you can realize that generally they are linked to concrete and brick contrctions whose λ-values are much higher than those of wood. If we consult the ISO 10456 database, concrete reinforced with 2% steel has a λ-value of 2,5W/(m·K) and in 5.2 Trademark data sheets we can see the thermo brick λ-value of 0,26W/(m·K). Timber λ-value varies according to its density. For example, according to ISO 10456 database, we can see that for the highest density, timber 700kg/m3 is 0,18W/(m·K). This value is much smaller than concrete.
[image: ]
Figure 3.5.9 Flemish EPB-regulation. 

This improvement in the λ-value is used in the design of this building. When a thermal bridge is unavoidable, timber is used and it allows to have so good values, especially in details A1 and C1.

It’s interesting to remember that this master thesis focuses on thermal bridges, but if we look beyond the fences, envelope surfaces have low thermal transmittances especially the roof. And if we add that the best values ​​of ψ-values are in corner details, where the thermal bridges occupy more surface. Details roof-wall, A1 and C1, have values ​​complying spectacularly lower than the two standards used and detail A3, which corresponds to the lower envelope, doesn´t meet the Passive House standard but it reaches very comfortably the limit in EPB-regulation.

Windowills meet loosely with EPB-regulation, and they have the same length that the lintel that don’t meet.

Despite the huge limitations, structural façade and brick wall on the ground floor, I can consider that the quantity of insulation and its continuity, the ventilated façade, the use of low thermal conductivity and renewable materials and the quality of the geometrical details are a set of measures that allow to reach so good ψ-values despite the not good values in the lintel details.

Ultimately what I mean is that they do not meet the lintels, the building is very well designed. It could not be otherwise, because it has been studied by the Kaho Sint-Lieven University. This building is an example of the use of renewable materials and efficiency. 
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According to the spirit of this building the most materials are renewable materials and most of these renewable materials are wood-based. 
It is important to make a little description of the most interesting materials:

Cellulose
It is a material made from shredded newspaper, to which has been added to give fireproofing additive, against fungi, rodents and insects, obtaining a material with amazing thermo-acoustic insulating properties, starting from a totally organic product recycled.

[image: E:\ARQUITECTURA\CURSOS\CURSO 2012-13\MASTER THESIS\materials\8281f519df.jpg]
Figure A1.1 Cellulose

When the type of insulation required thermo-acoustic (school building) indicates, this isolation has ideal characteristics for:
· Swelling between cameras facade walls and interior partitions
· Not passable roof :  blowing insulation between, drywall partitions, gaps, etc ...
· Insulation plasterboard partitions, type plasterboard.
· Wood roofing insulation or non- insulated roofs
It is blown just by drilling or projecting, therefore you do not need scaffolding or a large facade renovation work to reinforce the isolation of this.

Another key advantage of this material is that it is distributed evenly in all the gaps, joints and avoiding areas that are non-insulated, thus avoiding humidity and interstitial thermal bridges.

Its thermal conductivity, 0,039W/(m·K) , is similar to glasswool and rockwool.

Timber I-beams
Timber I-beams (Figure A1.2). The webs are made of structural fibreboard and the flanges are made of plywood.  We can compare the thermal conductivity values 0,18 and 0,13 W/(m·K) with concrete reinforced with 2% steel (2,5 W/(m·K) ) and steel (50 W/(m·K))

[image: C:\Users\ROSA\Desktop\materials\steico joist.jpg]
Figure A1.2  Timber beams used in walls and roof


Fiberboard
Fiberboard (Figure A1.3) consists of sawdust generated when sawing wood and wood residues generated in wooden plants. Sawdust and wood residues are recycled under pressure and heat and pressing a slurry of wood boards in molds. In that process take advantage resins to give the wood itself, so we get as a result a very sturdy boards with a conductivity about 0,05 W/(m·K).

It is breathable allowing diffusion of vapor, which is both waterproof. 
[image: C:\Users\ROSA\Desktop\materials\celit.jpg] 
Figure A1.3 Fiberboard


OSB
Oriented strand board (Figure A1.4) OSB is manufactured from waterproof heat-cured adhesives and rectangular shaped wood strands that are arranged in cross-oriented layers, similar to plywood. This results in a structural engineered wood panel that shares many of the strength and performance characteristics of plywood. Produced in huge, continuous mats, OSB is a solid panel product of consistent quality with no laps, gaps or voids. The OSB3 is for load and use in humid conditions.
[image: C:\Users\ROSA\Desktop\Osb_3_2500x1250x_4cb6e0452771b.jpg]
Figure A1.4 OSB3

Cellular glass
Cellular glass (Figure A1.5): the insulation elements consist of cellular glass with closed cell structure. This all glass, closed cell structure provides an unmatched combination of physical properties which allows it to resist inside of a structural wall.

[image: C:\Users\ROSA\Desktop\cellenglas-foamglas-perinsul-1-groot.jpg]
Figure A1.5 Cellular glass


Window frames
Window frames (Figure A1.6). In classrooms the frame used is wooden with gaps inside. The system consists of laminated timber before which the various layers together grooves are cut, after compressing the profile airtight chambers.
These airtight chambers provide better insulation than a solid wood frame profile.
[image: C:\Users\ROSA\Desktop\houten-passief_1.jpg]
Figure A1.6 Frame window used in classrooms
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5.2 Trademark data sheets.
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Figuur 7.1 Aanduiding van de gebruikte termen in het geval een aangrenzende onverwarmde ruimte.

7.3  Funderingsaanzet van vloer op volle grond

Voor een funderingsaanzet van een vloer op volle grond, wordt het model (inclusief
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