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1 General  
 
Introduction 
 
The period of 1960-1970 is known to be a period of a very large shortage of homes. A big amount of 
people searching for a home were unable to find one, which resulted in a dissatisfied population. As 
a reaction to this, governments quickly started to build a lot of new homes. Since this had to happen 
very fast, this resulted in buildings of a very poor quality. Quantity of buildings became more 
important than quality of buildings. Buildings were constructed to minimum requirements, to make 
them as cheap as possible. Afterwards we could say, this seems to have been a very poor decision. 

When we look at the current state of buildings 
that have been built in the period of 1960-1970, 
these seem to be very poor. Since these 
buildings are constructed to minimum 
requirements, the structural properties of these 
buildings do not meet the nowadays 
requirements. Next to this, the lightning, 
acoustics, and energy performance of these 
buildings seem to be very poor [1].  

As a result of this, many of the buildings of this 
period are being demolished, or renovated. An 
example of buildings of this period, that are 
about to be demolished, can be found in 
Kerkrade. In the red outlined area in 
figure 1.1 four apartment buildings can 
be found, of which one has already been 
demolished. The current situation of this plan 
area can be seen in figure 1.2.  

For this area, the Superlocal project is set up. 
This project has started to create new buildings, 
or to renovate the existing buildings. This way 
the old, dilapidated buildings should be 
transformed to new, attractive 
accommodations, which can exist for at least 50 
more years. A requirement of this project, 
where the name Superlocal comes from, is to 
recycle as many as possible materials that are 
used in the current buildings. Right this way, the 
waste of building materials, and the use of energy should be kept as low as possible. 

Next to this, all of the disciplines of the building science should be taken into good consideration. 
This should lead to an optimal living experience of the inhabitants of the accommodations. All of 
these different disciplines will be discussed in the different sections in this report. 

 
 
 
 

Figure 1.1: Location of plan area in Kerkrade [2] 

Figure 1.2: Current situation of plan area 
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Demographics 
 
Kerkrade, part of Parkstad is a shrinking area and noticeable. Yearly in Kerkrade there are more 
deceased people than baby’s born, more people move away than come to live there, resident 
numbers drop and vacant houses increase. Given this situation, our conceptual design tries to adapt 
to the market in place, the people of Kerkrade. 
 
The housing vacancy rate is mainly noticeable among apartments. Apartments have the largest share 
of the housing stock, but are the least popular. In contrast, semidetached and family houses are 
wanted. This is partly explained by the following. 
 
The largest group of residents in Kerkrade is of age 50-64. The age group 30-49 thereafter. At the 
same time 44.9% of the residents are couples without children and 28.7% couples with children. 
Because of this information the design has been adapted. So the number of apartments is lowered in 
the residential building, and added family houses to the terrain which are very popular. This way 
there is tried to connect the housing to the needs of the people of Kerkrade. The family houses are 
meant for couples with or without children, whereas the apartments are meant for starters. 
 

Design of plan area 
 
After the demographics were determined, a 
fitting, conceptual design could be made for 
the plan area. In this part of the report, the 
more general decisions will be discussed. 
The decisions that are more specific for 
every discipline can be found at the different 
sections of those disciplines. 
The new design of the plan area can be 
found in figure 1.3.  
 
The plan area can be characterized as a 
village-like character. The area is enclosed by a couple of roads, on which cars are allowed to drive 30 
kilometers per hour. On the southwest side of the area a large green area is visible, where scouting 
club is located.  A Nolli-figure of the situation can be 
seen in figure 1.4. 
 
This green area is important for the orientation of the 
new buildings in the plan area. As can be seen in figure 
1.4, three of the four apartment buildings have been 
demolished. The new buildings are orientated in such a 
way, that a large open area is created, which is connected 
to the green area on the opposite side of the road. Like 
mentioned before, these lower, more luxury buildings 
are used as family homes. The plinths of these buildings 
are in most situations orientated to the plinths of the 
opposite buildings. Rubble materials of the demolished 
apartment buildings will be used to build these new 
homes. In total, 38 of these new accommodations will be 
built. 

Figure 1.3: New situation of plan area 

Figure 1.4: Nolli-figure of surrounding area 
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One of the four apartment buildings will not 
be demolished. This building will be 
lowered to be seven floors high in the 
middle, and slopes to be four floors high on 
the east and west side. A model of this 
building can be seen in figure 1.5. In this 
figure is visible that the building has a large, 
seven floors high atrium in the middle. This 
atrium is also visible on the floor plan in 
figure 1.7. This figure also shows the room 
structure of floor 1 till 4. When this figure is 
compared to figure 1.6, it is visible that as a 
result of the added atrium, the different rooms are moved sideways. This means that the apartments 
on the sides of the building will become smaller than in the previous situation. At the ground floor, 
the garage boxes will transformed to accommodations. This leads to an amount of 58 homes in this 
building. 
 
Another obvious characteristic of this building is the gallery on the north side, and the balconies on 
the south side. These galleries and balconies will be twice as wide as in the old situation. On the 
south side, single glass has been recycled to create a skin façade.  

  
 
 

 

 

 

 

Figure 1.5: New design apartment building 

Figure 1.7: Floor plan of floor 1-4 in new situation 

Figure 1.6: Floor plan of floor 1-4 in old situation 
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2. Building Materials 

2.1 Introduction 

Sustainable developments and sustainable buildings are getting more and more important in 
nowadays society. Most people nowadays understand the importance of giving products a second 
life, to help in the fight against climate changes.  

This attention is also very important in the building 
industry. The building industry is one of the largest 
users of materials and energy. Building materials can 
no longer be only new, raw materials, but need to be 
recycled or re-used.  

The Super local project is an example of a project in 
which the demolition waste needs to be used in the 
design for new buildings, or the renovation of older buildings. This section of the report discusses the 
way in which materials can be recycled or reused, and in what way this can be done in the Super local 
project. Next to that, some of the current buildings have problems with their materials. These 
problems will be discussed, and different solutions will be offered.  

 

2.2 New life for Materials 

There are different design methods in which the use of materials is taken very well into consideration 
Two methods will be elaborated: the three R’s and Cradle to Cradle. 

2.2.1  Three R’s 

The first design method is the one of the three R’s. These three R’s stand for Reduce, Reuse and 
Recycle. These three R’s have in common that they lower the amount of raw materials needed to 
make a product, or for instance build a building. 

Reduce 

With the term Reduce is meant to keep the 
amount of used materials as low as possible. In 
figure 2.2 one can see that this is the best way of 
helping the environment. For example you do not 
buy things that you do not need, or you can 
borrow them from someone else. 

Reuse  

Reusing means that materials that normally would 
be thrown away, are used again. This can be done by 

Figure 2.2: Impact of waste processing on environment [2] 

Figure 2.1: Give products a second life! [1] 

Figure 1.7: Floor plan of floor 1-4 in new situation 

4 

 



using them in the same way as they were used before, or by giving them a different function. The items 
here do not undergo a recycling process. 

Recycle 

Different materials can also be recycled. When products are being recycled, they undergo a process 
which makes it possible to create completely new products of the materials of the previous ones. Not 
all materials can be recycled. Different building materials that can actually be recycled are visible in 
table 2.1.  

 

2.2.2 Cradle to Cradle (C2C) 

The second method is the one of Cradle to Cradle. This methods 
looks at the way in which the current generation can be provided 
in its needs, but also makes sure the that next generations are not 
limited in their possibilities.  

The Cradle to Cradle method looks at the whole lifetime of a 
product. The product can be seen as a chain of origination, use, 
and disposal. Clean raw materials will be used, the use of the 

Accepted Avoided Refused 

Concrete rubble Gypsum blocks Asbestos 

Masonry rubble Aerated concrete Bound asbestos 

Mixed rubble Fiber concrete Insulation 

Floors Ground Drywall 

Ceramics Glass Bituminous roofing rolls 

Roof tiles Iron Asphalt tar 

Mortar Non-Ferrous Metals  

Asphalt Electric wire  

 Expanded polystyrene  

 Plastic  

 Wood  

 Paper and Cardboard  

 Rugs  

Table 2.1: Acceptance policy for recycling of rubble [3] 

Figure 2.3: Cradle to Cradle [4] 5 

 



product will be optimized, and  recycling, just like at the 3 R’s, is a very important aspect. Cradle to 
Cradle makes sure that the used materials in an product can be useful in another product. 

 

2.3 New life for Materials in Kerkrade 

 

2.3.1 Concrete 

In figures 2.4 and 2.5, the current and new situations for the plan area are visible. The largest 
measures have already been discussed in section “1.3 Design of plan area” of this report. Figures 2.4 
and 2.5 show that three of the apartment buildings will be completely demolished, and one of them 
will be lowered. Since these apartment buildings are constructed with a lot of concrete, this 
demolition will lead to a lot of concrete debris. There are different ways to use this concrete rubble 
to build new houses. 

Like mentioned before, one of the residential buildings will not be completely demolished, but just 
be lowered to a seven floors high building. Since the concrete floors have been constructed 
according to minimum requirements, they are only 100 millimeters thick. These floors will remain at 
their place. This reduces the demand for new concrete. 

One of the three residential buildings that will be demolished, has already been demolished. The other 
two residential buildings will each lead to an amount of 6.000 cubic meters of concrete debris, while 
the lowered building will lead to around 2.000 cubic meters of concrete rubble. The largest amount of 
this concrete comes from the walls and floors of the buildings. Since these are poured concrete walls, 
it will be very hard to reuse this concrete, without making it undergo a recycling process. The used 
method for recycling concrete is smart crushing. More information about this method, and some 
results of done measurements can be found in the written article that is part of this project [5]. 

 

2.3.2 Glazing 

Every building contains 1.200 square meters of single glazing. When considering the thermal 
performance of single glazing, the U-value is 2.87, while for double glazing it can be about 3.16 [6]. The 
new family homes will all need this double glazing. This glazing will need to be completely new, since 

Figure 2.4: Current situation of plan area Figure 2.5: New situation of plan area 
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this will be less expensive than melting and/or transforming the single glazing into double glazing. 
More information about the energy performance can be found at section 4.3 Building performance.  

In figures 2.7 and 2.8 is visible how the different apartments in the current and new situation are 
ordered. The red lines are the outlines of the 
different apartments. Figure 2.8 also has blue lines, 
which represent the location of the new atrium. The 
north and south sides of this atrium will be made 
entirely out of double glazing. The east and west 
sides of this atrium will have some very large 
windows, which will also be made out of double 
glazing, which can be seen in figure 2.6. More 
information about the function of the atrium can be 
found at section 4.3 Building performance. 

  

 

2.3.3 Gypsum walls 

Gypsum walls (figure 2 9) are being used very often as separation walls inside 
an apartment of the different buildings. The residential buildings contain two 
different dimensions of gypsum walls: 100 millimeter thick and 150 millimeter 
thick walls. The total amount of 100 millimeter thick walls is 910 square meters, 
and the total amount of 150 millimeter thick walls is 1222 square meters.  

A useful property of gypsum walls is that they are very easy to reuse without 
very high costs [8]. The gypsum walls cannot be used as bearing walls, but only 
as separation walls in an apartment.  

 

Figure 2.7: Floor plan of floor 1-4 in current situation 

Figure 2.8: Floor plan of floor 1-4 in new situation 

Figure 2.9: Gypsum wall [7] 

Figure 2.6: Atrium with windows 
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2.3.4 Roofing 

In figure 2.4 can be seen that the buildings in the current situation have flat roofs. The roofs have a 
top layer made of bitumen. Bitumen is a product that is very difficult to recycle. Next to that, the 
quality of the bitumen roof is relatively low, which makes the bitumen unsuitable to recycle.  More 
about this can be found in 2.4.2 New roofs and outer walls. 

2.3.5 Insulation materials 

The apartment buildings contain a large amount of 
asbestos. This asbestos absolutely cannot be recycled, and 
should be removed from all of the buildings, before the 
renovation can take place. After this, Rockwool insulation 
will be used in order to insulate the walls and roofs of the 
buildings. Why Rockwool insulation is being used, can for 
instance be found in 5.4.1 Insulation, and  4.5 Heat 
calculations. 

2.3.6 Aluminum and metal railings and Steel stair railing 

In the lowered residential building, the aluminum and metal gallery railings (figure 2.10) 
will all be reused. Also the steel stair railings will be reused. The demolished buildings will 
supply a large amount of aluminum and metal gallery railings, and steel stair railings. 
These railings will be used to create a new playground for children, about which more 
information can be found at 5.3.2 Playground. 

2.3.7 Others 

Radiators (section 3.2) , doors (inside and outside), concrete bricks (outside) and concrete 
stairs (figure 2.11) will all be reused. 

 

2.4 Special attention 

2.4.1 Balconies and Galleries 

Figure 2.12 shows the current state of the galleries of the apartment 
buildings. These galleries are relatively narrow, only 80 centimeters 
wide, and are at multiple positions supported by poles. A lot of 
inhabitants of the apartment buildings complain that 80 centimeters is 
far too narrow for a gallery. The poles are required because of the 
structural condition of the galleries. There are two causes for this 
problem.  

In the first place the reinforcement of the galleries should be discussed. 
The position of the reinforcement in the balconies and floors seem to 
be too high, which causes that the floors cannot carry the weight of the 

Figure 2.11: Concrete 
 

Figure 2.10: Gallery railings 

Figure 2.12: State of galleries 8 

 



balconies and galleries. To improve this situation, the galleries should be supported. This can be done 
by the way it is currently done, with poles, or a more innovative method could be used: carbon 
reinforcement. This method is very often used in renovation projects [9]. Carbon laminates will be 
glued or bolted to strengthen the structure of the concrete. Another option is to change the position 
of the reinforcement. 

A second problem, which causes poor structural properties of the galleries, is carbonation of the 
concrete. The carbonation has to be treated.  

The best solution to improve the structural conditions, and to increase the length of the galleries 
seems to be to completely remove the old galleries and place new ones. The structural conditions 
can be improved by placing reinforcement at the right position.  

2.4.2 New roofs and outer walls 

In figures 2.4 and 2.5 can be seen how one of the 
apartment buildings changes in shape, while the 
other three will be demolished. Like can be seen 
in figure 2.13, this apartment building will be 
lowered to a maximum of seven floors in the 
middle, and is sloping to be four floors high at the 
east and west side. This leads to some new roofs 
and outer walls.  

The indoor walls were already part of the 
construction of the building. They were, just like the outdoor walls, constructed with poured concrete. 
As a result of this, the new outdoor walls do not 
need to be changed. They will just need to be extra 
insulated, which they previously were not. 

Since the floors were constructed according to 
minimum requirements, there will be a completely 
new roof at the places where the floors become 
roofs. These new roofs will be very well insulated, 
and will have accessible gardens on the top. The 
buildup of this new roofs can be seen in figure 2.14.  

 

 

 

 

 

 

Figure 2.13: New residential building 

Figure 2.14: Buildup of new roofs 
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3. Building services 
 
 
3.1 Introduction 
The building service of a building is a very broad concept of what is taking place in the building. 
Almost all installations you come across in a building falls under building services. Buildings with 
domestic purposes mostly need the heating and ventilation systems of building services.  
 
Once people only cared about having shelter. In time comfort and health became more important. 
People began to think about how to make their houses better and building services arose. 
Now a days there are a lot of requirements to houses connected to building services, most of them 
associated to health and comfort[10]. 
 
3.2 Thermal comfort  
To achieve thermal comfort, heating and cooling are important. In the case of this project, there is 
only a residential purpose. In that case, there is mostly only use of heating. Cooling often happens by 
openings windows. By only having a heating system, it also reduces the costs, what is an important 
topic of this project. 
 
3.2.1 Radiators vs floor heating 
For the heating, there will be radiators. Those are easy to adjust and people already know how to use 
them because they are common in a lot of houses. Another good thing of radiators is that they are 
individually adjustable. You can heat one room and leave the rest and it has not to be the same as 
the whole building. This is an asset for a building where elder and younger people live together. One 
downside however, is the space radiators occupy. The space is actually becoming smaller because of 
the radiators. 
Of course not only the heating itself is important. Also the loss of warmth plays a role. With better 
insulation, the heat stays more inside and one has less heating costs.  
 

Radiators Floor heating 
+ Re-use of radiators + The space is already there due to the new 

acoustic system 
+ Easy to adjust to personal demands(e.g. per 
room) 

- No real freedom in choosing a top floor 

- Living space partly occupied by the radiators - Lots of piping needed, higher costs 
 
 
The radiators can only be re-used if there is a way for low temperature heating combined with the 
existing radiators. When this is not possible, the better option is to use floor heating. The low 
temperature heating is covered in the next paragraph.     

Table 3.1 Radiators vs Floor heating 

 

10 

 



 
 
 
 
 
 
 
 
 

figure 3.1: simple 
representation of a radiator 
heating system[10] 
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3.2.2 Low temperature heating (LTH) 
With good insulation of a dwelling, there is less heat needed to heat up a room, so the house is 
heating up on a lower water temperature. This saves about 5-25% on the energy consumption. The 
LTH is combined with a HR-boiler, a heat pump or a solar water heater. Also there is a more uniform 
temperature what gives a healthier air and so better comfort[11]. 
 
In this case, we want to combine the LTH with a heat pump. The lower the temperature in the 
heating system, the higher the efficiency of the heat pump and the lower the energy consumption. In 
the summer, also cooling is possible with this system 
and it is all very environmentally friendly. The heat 
pump is very reliable and lasts until twice as long as a 
boiler[12][13]. 
 
To see if the current radiators will be good enough to 
function in combination with the heat pump and the low 
temperature heating, some calculations have to be 
made. The Uk values are needed to calculate the heat 
losses. Those values are used from the physics part of 
this report, chapter 4. Then the heat losses are 
calculated per room for the apartment given in image 
3.1. The heat losses are found in appendix  E. 
 
The used heat pump is a techneco TVXT2, which has a 
supply temperature of maximum 55°C[14]. With this the 
site of KORADO is used to look if the current radiators 
will do[16].  
 
 
 
 
Current radiators: 

Type Measurements Heat output according to 
KORADO to ΔT=30; (t1/t2/t3= 
for 55/45/20°C) in [W] 

2 2 1400 x 500 mm 1029 

2 1 800 x 500 mm 454 

1 1 1000 x 600 mm 513 

1 0  1100 x 600 mm 343 

1 0  800 x 900 mm 359 

 

 

 

Image 3.1 Floor plan apartment 

 

Table 3.2 KORADO heat outputs 
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Type 1 0       Type 2 1  

 

Type 1 1       Type 2 2  

 

 

Room Φij [W] Radiators 

Living room 2757,23 3 x type 2 2 

Kitchen 3493,63 Isn’t going to fit 

Bedroom 7683,04 Isn’t going to fit 

Bathroom 2498,71 2 x type 2 2 & 1 x type 1 1  

Hall 591,10 Type 1 1 

 
 
As seen in table 3.3, the current radiators won’t do. Only in the hall and the living room, there is 
enough space to put the needed radiators. With these outcomes, we are going to use the floor 
heating instead, because of the huge plus the radiators had because of the re-use what is now falling 
away. The heat pump stays, so it is more energy efficient. 
 
3.2.3 Heat pump per apartment or whole building 
The heat pump is placed per apartment. The fact that it is adjustable to personal demands it very 
important in dwellings, so that counts extra and so there is chosen for heat pump placement per 
apartment. 
 

Per apartment Whole building 
+ Always pay for only your use + One installation needed, possible in basement 
+ Adjustable to personal demands - Not adjustable to personal demands 
- More living space occupied by installations - Lots of piping needed 
- Some noise in the apartment + less disruption by noise 

Table 3.4 Heat pump placement 

 

Table 3.3 How many radiators needed 
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3.3 Ventilation 
Next to heating, ventilation is an important part of the building services. There will be hybrid 
ventilation. Mechanical ventilation is needed in the kitchen, the toilet and the bathroom. There will 
be exhausts in those rooms where the polluted intake air will be led directly to the outside. The inlet 
of air will be natural, due to pressure differences (wind driven) and temperature differences 
(buoyancy driven)[10]. Most of the natural ventilation will take place by opening windows. The air 
quality is hard to control for natural ventilation, but it is a free use of energy and there are a low 
amount of moving parts. Although, there could grow drafts that needed to be controlled[10]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.2: simplified relation between pollution concentration, 
ventilation capacity and energy use[10] 

 
The ventilation in the atrium need to be more controlled. Because there is a lot of glass, the spaces 
heat up quick so the warmth should be disposed. This happens at the top nearby the roof. This 
happens mechanical, because it is more controllable and easier if the weather changes. 
 
 

14 

 



3.4 Elevators 
On account of the glass atrium in the middle of the building, the old elevators and stairs need to be 
removed. There will be new elevators, a small and a bigger one, with glass walls so they fit into the 
style of the atrium. Also there will be new stairs in the atrium so it fits better. 
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3.5 Fire safety 
In fire safety there are different phases, seen in figure 3.3. 
 
 
 
 
 
 

figure 3.3: fire safety engineering[15] 

For the safety of the people living in the flat, three staircases are placed. In the middle and on both 
sides of the building, people can reach them through the corridor. There should be escape route 
marking towards the stairs and fire alarms in the apartments and corridor to warn people. 
In the separated new houses there will be fire alarms installed. In the atrium there is a buffer for 
smoke control. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 3.4: source and responce: evacuation time and filling time[15] 
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4 Performance and Physics 

 

4.1 Introduction 

The main aim of this report is to evaluate and describe the concepts for sustainable refurbishment of 
an apartment building in Bleijerheide, Kerkrade. The apartment building was built in 1965. Since then 
the building code and energy demand for buildings has changed drastically.  

In the current situation the balconies and gallery are structurally unsound. There’s no insulation for 
the walls and floors, and the windows are single glazed.  

Purpose of refurbishment 

• Preserve buildings instead of demolishing, making best use of recycled materials 
• Improve overall energy efficiency usage through sustainable design principles 
• Extend the life of the building by at least 25 years 
• Add architectural value for residents 

Need 

• The building has not had any major upgrade works undertaken since they were built in 1965 
• Building problems regarding residents comfort (wind, heating) have not been addressed 
• Energy usage due to insufficient insulation and thermal heat bridges need to be reduced 

 

Architectural Context regarding added value 

• Refurbishing the apartment 
building gives us a change to 
upgrade living standards by 
adding value to the public 
space 

• Relocating of the entrance of 
the building, the playground 
and parking spaces creates a 
more clear distinction 
between functions (figure 4.1). 

 

 

 

 

 

 

 

 

Figure 4.1: Map of new situation 
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4.2 Known problems 

 4.2.1 Energy consumption 

Energy usage is way too high. This is mainly due to the lack of insulation in the building. Also, 
apartment floorplans should be reconfigured according to the design temperatures of the rooms. 
This is further discussed in 4.4 . 

 

 4.2.2 Thermal heat bridges 

Furthermore, there’s no thermal heat bridge prevention. The concrete floors continue without any 
form of thermal break to the balconies outside, which leads to more heating losses.  

The concrete of the balconies and galleries has deteriorated to a point that is has to be renewed. 
When creating these new concrete elements, a thermal bridge break can be put in place. 

 

 4.2.3 Wind (balconies and pedestrian level) 

According to residents who used to live on the top floor, the building used to sway in bad weather 
with strong winds. For some this was such a frightful event, they decided to move to an apartment 
situated on a lower floor. Although lowering the building with two stories will decrease this 
discomfort, adding rooftop gardens may introduce new problems with strong winds. 

On a pedestrian level it’s also important to consider problems with wind in public places around the 
building, such as the playground. 

 

4.3 Approach 

The strategy used to enhance the buildings 
performance is described as the ‘Trias Energetica’ 
(figure 4.2). The first step of this strategy is to 
reduce the demand for energy by avoiding waste 
and implementing energy-saving measures. 
Secondly it focusses on the type of energy used 
and lastly it suggests to generate energy. 

 

4.3.1 Reduce energy consumption 

 

The first step of the renovation strategy is to reduce 
the energy demand for heating and cooling. The ‘Passive house concept’ relies on high levels of 
insulation and an efficient ventilation system, making the building extremely energy efficient. Also, 
changing the layout of the floorplans can reduce heating and cooling demands. In the original 
situation bedrooms are located on the south side of the building complex. Bedrooms don’t require 
direct sunlight, this can cause them to overheat. New floorplans will have the bedrooms on the north 
side and the living area to the south side for more comfort. 

Figure 4.2: Trias Energetica strategy 
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 4.3.2 Upgrade Systems 

Energy consumption by the residents can also be decreased. This energy usage is for the most part 
user behavior, but upgrading installations for heating, ventilation, lightning and appliances can lead 
to lower energy consumption. 
 

When implementing the passive house concept and insulating the apartments, low temperature 
heating can be used, which is more energy efficient. Also upgrading lighting to energy efficient LED 
will make a big difference in electrical energy usage.  

Replacing old systems with  more efficient installations will also result in less internal energy gains 
within the building. This is important in passive houses. Due to high insulation levels there is a risk of 
overheating within the apartments. 

 

 4.3.3 Energy generating systems 

When the building is insulated and 
upgraded, the remaing use of energy 
should ideally come from  sustainable 
sources. Kerkrade has a history of 
(coal-) mining. Underneath the 
building are old mine shafts, 
nowadays filled with water (figure 
4.3). These mine shafts can be used 
for seasonal heat storage. 

 

 

 

 

 Other energy generating systems to be 
considered are PV-cells and heatpipes as can be 
seen in figure 4.4. 

 

 

 

 

 

 

 

 

Figure 4.3: Section cut of building showing mine shafts [17] 

Figure 4.4: Possible energy concept 

19 
 



4.4 Options considered 

 

To reduce the energy demand for heating and cooling, first of all the building needs to be more 
insulated. When transmission losses are reduced, it’s important to focus on ventilation losses.  

 
This can be done by a balanced ventilation system with a heat exchange unit. This way fresh outside 
air will be pre-heated before entering the apartments. Another way of ventilating with pre-heated air 
is with a second skin façade. This active façade allows air to be heated due to sunlight. Residents can 
naturally ventilate by using windows. A third option is an atrium. Besides the architectural value, an 
atrium can also function as a heat buffer. Adjacent apartments benefit from the heated air inside the 
atrium, which decreases the heating demand and can be used for natural ventilation. 

 
When insulation and ventilation are optimized, the goal should be to keep the indoor temperature as 
steady as possible throughout all seasons. Green roofs instead of traditional (insulated) roofs can be 
used for this reason. 

 
Lastly, the configuration of the floor plans of the apartments should correspond to the buildings 
orientation. Areas that require lower temperatures must be north orientated, while other areas such 
as the living room which requires higher temperatures should be south orientated. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: Old (left) and new (right) floorplans. 
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4.5 Literature Study 

 

4.5.1 Passive Building 

Deguelle,D, Krijnen,M (2011). Energieneutrale kantoorrenovatie. The Netherlands. [18] 

 

Energy usage is categorized in three types of usage; Building bound energy (energy for heating, 
cooling, ventilation, tap water and lighting), user bound energy (such as computers), material bound 
energy (production and transport of materials). The headquarters of TNO Delft is selected as Case 
Study. Two scenarios are being calculated.  

First a renovation plan where the outer shell will be insulated and a new ventilation system with a 
heat exchange unit will be implemented. Also there will be a traditional installation concept with HR-
heating unit and energy efficient lighting.  

The second scenario will be a new built office according to the building code with the same starting 
points as the renovated building.  

The results show that a new building is as much energy sufficient as the renovated building. 
Furthermore, the use of materials when renovating has 20% less impact on the environment 
compared to building a new office and the costs are 25% lower. Renovation is a good alternative for 
demolishing and building a new office. 

In this case study four concepts where compared.  

The first concept is all about energy generation. This will be done by solar cells, wind mills and 
seasonal storage. 

The second concept is passive building. Heat loss will be decreased by insulating the building, 
decreasing the size of window openings and installing window boards that close at night to insulate 
the windows even more. In daytime these boards function as reflectors, bringing more daylight into 
the building. Mechanical ventilation is being used in combination with a heat exchange unit.  

The third concept will use a second skin façade. In summer time air from the building can be 
naturally ventilated via this façade, while in the wintertime the façade acts as a heatbuffer.  

The fourth concept is called ‘Decentral’. Here an installation unit which cools, heats and ventilates is 
placed every 3 meters. This unit is individually regulated which saves 20% energy usage compared to 
conventional systems.  

After comparison of these  four concepts (figure 4.7) a few elements were extracted that should be 
implemented with each building renovation: 

-good insulation 
-good sunscreens 
-low temperature heating 
-individually regulated ventilation 
-energy efficient lighting 
-thermal mass 
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Two zero-energy concepts were put together: passive with energy generation (hybrid 1) and façade 
with energy generation and decentral (hybrid 2) (figure 4.6). Comparing the results of these two 
hybrid systems the following can be concluded: 

-Both building and user bound energy usage can be compensated by local energy generation 
-Zero-energy buildings can be achieved by renovation, but economically not (yet) advisable. 

 

In this article it is clear that the best method for energy reduction is to insulate the building. 75% of 
all energy savings is done by insulating (figure 4.7). When this is done, low temperature heating and 
ventilation systems can be implemented.  

 

 

In this case study the use of a second skin façade is analysed. The costs to build this façade system 
are relatively high, whereas the benefits of heating energy reduction (after adding insulation) are 

relatively low. So, for namely economic reasons, we’ve decided not to use this system. 

For comfort reasons, especially in residential housing units, we’ve chosen for naturally ventilated 
apartments. Only the exhaust will be mechanically. This way residents have the comfort of opening 
windows, in contradiction to balanced ventilation systems. These comfort reasons were more 

Figure 4.6: Hybrid 1 (left) and hybrid 2 (right) [18] 

Figure 4.7: Comparing different energy saving concepts 
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important than the energy efficiency of a balanced ventilation system with a heat exchange unit. 
Ventilation is discussed in chapter 3 of this report. 

 

 

 

4.5.2 Green rooftops 

Jaffal,I, Ouldboukhitine,S , Belarbi,R  (2011). A comprehensive study of the impact of green roofs on 
building energy performance. La Rochelle, France. [19] 

In this paper, a study of the impact of green roofs on building energy performance is described. The 
temperatures of the foliage, the soil, the rood slab and the indoor air were evaluated on different 
occasions in La Rochelle, France. Data of this study can be found in tables 1 and 2. 

The results show that the roof slab is protected from 
extreme temperatures. The green roof also has a passive 
cooling effect in the summer, and the daily heat losses 
through the roof were increased by nearly a factor of three 
with a green roof (Table 4.2). Herefore the green roof 
upgrades the thermal comfort and the reduction of cooling 
demand.  

Table 4.1: Indoor air temperature for three days[19] 

 

 

 

Table 4.2: Heating, Cooling and total energy demand 
compared[19] 

 

 

 

 

 

 

In the case of Kerkrade we’ve decided to use passive methods to reduce energy demand and insulate 
the building. Green roofs can have a big positive effect on the cooling load of a building (figure 4.8). 

Figure 4.8: Temperature of exterior 
surface for three days, (a) cold winter, 
(b) sunny winter, (c) hot summer[19] 
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Also green rooftops can help create a steady indoor climate in more extreme weather conditions 
(summer and winter). Here for we decided to use green roofs in the retrofit.  

 

4.5.3 Wind  

Blocken,B & Carmeliet,J  (2003). Pedestrian Wind Environment around Buildings: Literature Review 
and Practical Examples. Eindhoven, The Netherlands. [20] 

This article discusses the issues of wind around buildings on a pedestrian level. Because of the 
problems regarding wind in Kerkrade on the top floors and because of the rectangular shape of the 
building this article is especially useful on how to deal with wind. 

The most important advices from this article are summarized in the quote below. 

‘The two most important wind flow zones at pedestrian level for single rectangular high-rise buildings 
are the standing vortex and the corner streams. Some important general guidelines can be extracted: 

• Building entrances near corners of especially high-rise buildings should be avoided. 
• Recreational areas around high-rise buildings should be avoided unless specific attention will 

be given to the design of these areas.’ 

 

 

 

 

 

 

The standing vortex and the corner streams are illustrated in figure 4.9. The standing vortex is greatly 
influenced by the building height. So lowering the building will reduce the vortex, minimizing 

Figure 4.9: Wind flows are greatly effected by the building height 
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discomfort on a pedestrian level. The entrance of the building is situated in the middle, so no 
discomfort due to wind flows is expected. 

In the new building design, the height of the building is lowered towards the corners, creating 
rooftop gardens. This also means that there could be wind flows (corner streams), which may cause 
discomfort. A solution to this problem is to use wind shields. These wind shields will prevent the 
corner streams from blowing directly over the gardens. 

 

 

4.5.4 Atrium 

Tabesh,T & Sertyesilisik,B  (2015). Focus on Atrium Spaces Aspects on the Energy Performance. 
Istanbul, Turkey. [21] 

 

In this article, four main reasons for including atriums in buildings are described: 

• ‘Architectural function: The atrium itself can provide useful space. The atrium is used in 
buildings by architects, designers, and planners for complex and unusual sites in order to use 
the land efficiently 

• Connection to outdoor environment: Contemporary glazed atriums without glazed façade 
provide a sense of connection to the outside world 

• Economic function: Market studies show that atrium buildings are more attractive and have 
higher occupancy rate. Atria provide spaces for public gathering, events, shows, and 
exhibitions which resulted in improving the rate of occupancy and the earnings 

• Energy Conservarion: Atriums buildings have a great potential for energy efficiency. The 
atrium brings in daylight which decreases the electrical lighting cost. By making maximum 
use of passive energy the atrium can provide a more comfortable environment with less 
dependency on mechanical systems. Bothe construction and maintenance is significantly 
reduced.’[21] 

Atrium can be acted as a solar collector and distributor, for spaces placed around it. Atrium 
contributes to passive heating and is useful in an overall ventilation and cooling strategy, and always 
makes daylight more available to the spaces that surround it. Properly designed atria have the 
potential to significantly reduce building energy consumption.  

For these reasons we’ve decided to include an atrium in our retrofit design. 

 

 4.5.5 Literature Study Conclusion 

In the retrofit design we’ve decided to implement several energy efficient concepts, based on the 
literature study. From this study and with the strategy described in 4.3 we decided to focus on the 
passive concept. This includes insulating the building, creating an atrium and making use of green 
roofs. For comfort reasons the apartments will be naturally ventilated. A second skin façade as well 
as energy generating systems will not be used in the design. These options do benefit the energy 
balance, but because of the small investment budget available and the relatively high costs 
(construction costs as well as initial investment), we’ve decided not to make use of these options. 
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To prevent wind problems we’ve decided to lower the building. This will decrease the effect of the 
building swaying in strong winds. Corner streams however will not be prevented just by lowering the 
building. For wind problems on the roofgardens, windshield must be placed to assure a comfortable 
area. The playground on the south side of the building can have some problems too. The situation 
has to be simulated to be sure. Potential wind problems on the playground can also be fixed using 
windshields. 

 

 

4.6 Impact of suggestion 

 4.6.1 Simulation 

Now that the set of upgrades is determined we want to see what the impact is on the building. This is 
done in three steps so the impact of every change is clearer to see. With a simulation tool ‘Sefaira’ a 
3D-model of the building can be modified while realtime calculated. With the first step we will 
simulate the building with no upgrades, in original state. The second step will be when the building is 
insulated and the final step is with lighting and equipment upgrades, as well as window shading. 

The building in original state is very poorly insulated. The Rc-values are there for very low. In table 4.3 
the calculated Rc-values used for the simulation can be found. 

 

 

Sefaira calculates the ‘Energy use intensity’, which combines all energy used for heating, cooling, 
ventilation and electrics. As figure 4.10 shows, the energy use intensity is 166 kWh/m2/year. 

  

 

 

 

In the second step the building will be insulated. Green roofs are applied and the outershell will be 
provided with 100mm of insulation. Table 4.4 shows the Rc-values calculated for this step. 

 

Element Material Rc Uk

Floor Concrete 0,29 3,45
Ceiling Concrete 0,29 3,45
Wall Timberframe 0,36 2,78
Dividing wall Concrete 0,29 3,45
Window Single Glazing 0,25 4,01
Door Wood 0,24 4,17

Originele situatie Uk
Wall 2,78
Floor 3,5
Roof 3,5
Glazing 4,01

Figure 4.10: Original state, Energy use intensity (left) and insulation input (right) 

Table 4.3: Rc and Uk-values of building in original state. 
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In figure 4.11 the impact of this step are shown. As a result of the applied insulation the energy use 
intensity has dropped by 37%.  

 

 

 

 

 

 

Although the energy use intensity has been decreased, it doesn’t show where this result comes from. 
For this we have to look at the heating and cooling demand before and after the applied changes. As 
Figure 4.12 shows, the heating demand has significantly dropped, while the cooling demand 
increased. This is due to high insulation (very low transmission losses) and internal and solar gains. 
These factors will heat up the building so more cooling energy is needed.  

 

 

 

 

 

To get the balance right several changes need to be made. First of all, the balconies and galleries are 
widened. This is necessary for fire safety, but also prevents direct sunlight from overheating the 

Type A Materiaal Rc Uk

Floor Concrete 2,36 0,42
Roof Green roof 5,38 0,19
Wall Timberframe 6,37 0,16
Dividing wall Concrete 0,29 3,45
Glass Double 0,48 2,1
Door Wood 0,24 4,17

Insulated Uk
Wall 0,16
Floor 0,42
Roof 0,42
Glazing 2,1

Figure 4.11: Step 2, Energy use intensity (left) and insulation input (right) 

Table 4.4: Rc and Uk-values of the 
insulated building (step 2). 

 

Figure 4.12: Heating and cooling demands, left before insulation, right 
with insulation 
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building. Furthermore the equipment and lighting is upgraded. This means that installations will be 
more efficient and less heat will be produced so cooling energy can also decrease. This will be 
applied in the third and final step. The results of these changes are shown in figure 4.13. All Sefaira 
input can be found in appendix C. 

 

 

 

 

 

 

 

 

 

Steps 1 through 3 are also visualized in a bar chart in figure 4.14. Here the components of the energy 
use intensity (heating, cooling, lighting and equipment) can be compared.  

 

 

 

 

The bar chart clearly visualizes the extreme impact insulating the building has on the energy use. All 
other suggested energy concepts will make the building even more efficient, but no suggestions have 
a similar impact on this scale. 
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Impact on energy use
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Upgrades Uk
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Floor 0,42
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Figure 4.13: Step 3, Energy use intensity (left) and insulation input (right) 

Figure 4.14: Bar Chart showing changes for heating, cooling, lightening and 
equipment. 
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4.6.2 Heat calculations 

To figure out exactly how much effect several insulation parameters have on the design, a calculation 
has been made for a standard apartment (type A) in the building, shown in figure 4.5. Apartment 
type A is situated in the middle of the building. Only the entrance side and the balcony side are 
related to the outside climate. Table 4.5 provides an overview of the apartment properties. 

 

Type A Opp m2 Grenst aan 
Floor 76,31 Adjacent unit 
Ceiling 76,31 Adjacent unit 
Wall 27,14 Outside 
Dividing wall 48,1 Adjacent unit 
Glass 8,9 Outside 
Door 3,6 Outside 

 

The heat capacity shall be calculated both in the original building as well as the insulated situation. 
The results of these calculations can be found in tables 4.6 and 4.7. 

 

Type A       

Element Opp (m2) 
Rc (m2 KW-

1) Uk θi (°C) θj (°C) Φ (W) 
Floor 76,31 0,29 3,45 20 10 2631,38 
Ceiling 76,31 0,29 3,45 20 10 2631,38 
Wall 27,14 0,36 2,78 20 -7 2035,50 
Dividing wall 48,1 0,29 3,45 20 10 1658,62 
Glass 8,9 5,7 0,18 20 -7 42,16 
Doors 3,6 0,24 4,17 20 -7 405,00 

     Totaal: 9404,04 
 

 

 

Type A       

Element Opp (m2) 
Rc (m2 KW-

1) Uk θi (°C) θj (°C) Φ (W) 
Floor 76,31 2,36 0,42 20 10 323,35 
Ceiling 76,31 2,36 0,42 20 10 323,35 
Wall 27,14 6,37 0,16 20 -7 115,04 
Dividing 
wall 48,1 0,29 3,45 20 10 1658,62 
Glass 8,9 3 0,33 20 -7 80,10 
Doors 3,6 0,24 4,17 20 -7 405,00 

     Totaal: 2905,45 
 

Table 4.5: Overview apartment 

Table 4.7 Heatcapacity after insulation 

Table 4.6 Heatcapacity before insulation 
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Comparing table 4.6 (old situation) with table 4.7 (new situation), adding insulation results in 68% 
less heating capacity needed. This was expected from the literature study and from the sefaira 
simulation. 

 

The heat calculation of the apartment is further completed in appendices A (theory) and B 
(calculation). The result of the thermal energy usage of apartment type A is: 75 kWh/m2/yr. 

 

4.7 Discussion 

When refurbishing an old apartment building, several concepts are available to upgrade the buildings 
energy performance. It’s important to use a strategy in which the biggest energy losses are dealt with 
first. Preventing energy losses should always be done with passive techniques, for example as adding 
insulation, preserving as much energy as possible. Secondly, building services on a user level can be 
upgraded. Using modern, efficient installations, equipment and lighting can further reduce the 
energy demand. This also contributes to a comfortable indoor climate. Lastly, to make the building a 
nearly zero-energy building, the remaining energy can be generated locally by innovative systems. 
Some examples that can be used are PV-cells, heatpipes and seasonal storage.  

While ideally all the steps in the strategy should be applied to the retrofitted building, cost-benefit 
analysis will often prove that not all concepts are feasible. In this case, energy generation is too 
costly to implement. Most effectively are passive applications. These applications can reduce the 
heating demand up to 75%.  

The apartment building Bleijerheide in Kerkrade under went several changes. We’ve dealt with 
discomforts regarding wind, deteriorated concrete balconies and the building performance. Applying 
mostly passive methods the building retrofit is now energy efficient. 
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5. Building Acoustics 

5.1 Introduction 

Acoustics, and noise, have always been a very important environmental problem. Over the years, 
these problems even seem to have become worse. The amount of cars in cities keeps increasing, 
which increases the noise levels. Next to that, trains, aircrafts and machinery of industries also 
contribute to these high noise levels. These are all examples of environmental noise: unwanted 
sound created by human activities that is considered harmful or detrimental to human health and 
quality of life [22].  

According to the WHO-guidelines [23], the problems on sound seem to be very large. More than 40% 
of people living in European countries 
are exposed to road traffic noise with 
sound pressure levels over 55 decibel. A 
sound pressure level of higher than 55 
decibel corresponds with serious 
annoyance. Next to this, according to the 
Dutch building code, an inside sound 
pressure level of 33 decibels for new or 
renovated homes should be achieved, 
which can also be seen in figure 5.1 [24]. 
Attention should be given to acoustics in 
the Superlocal project, so these kind 
of annonaynce levels do not occur.  

 

5.2 Sound design 

When looking at sound design, two different disciplines can be separated: room acoustics, and 
building acoustics. Room acoustics is mostly about how sound travels within a room. Components 
like the shape of the room, objects inside the room, and the used materials can all influence the way 
sound travels in a room. Building acoustics is about the sound insulation of rooms. When there is 
looked at the sound insulation of a room, aspects like materials and detailing are very important.  

Like mentioned before, people do get annoyed by sound at a certain sound pressure level. When 
designing houses, different kinds of noise should be taken 
into account. 

5.2.1 Continuous noise 

This kind of noise is constantly present, and is in most of the 
times producing a certain constant sound pressure level. 
This kind of noise is bothering people the most, and can lead 
to a lot of stress. An example of this kind of noise is an air 
vent (figure 5.2). These kinds of noises can often be 
reduced by treating the source of the sound. Figure 5.2: Example of continuous noise [25] 

Figure 5.1: Allowed sound pressure levels according to Dutch building code [24] 
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5.2.2 Intermittent noise 

The second kind of noise is intermittent noise. This kind of 
noise is not always present, but slowly increases, and 
decreases after a while. Examples of this are trains or cars 
which pass by, which can be seen in figure 5.3. Since this are 
mostly noises from outside of the building, the roofs and 
façades of buildings should be very well insulated to reduce 
the effect of these noises. 

5.2.3 Impulsive noise 

Impulsive noise can be seen as noise that exists only for a 
very short (impulsive) time. This is often a very sharp noise. 
Examples of this kind of noise are someone clapping his 
hands (figure 5.4), or someone with heels walking in a room 
above yours. These noises can for instance be reduced by 
improving the construction of a building, which reduces the 
amount of contact noise. 

 

5.3 Problems on acoustics in plan area 

To be able to get a look at the current 
problems on acoustics in the plan area in 
Kerkrade, the large scale will discussed 
first. Figure 5.5 shows the current urban 
situation.  

5.3.1 Cars 

When looking at the current plan area, it 
seems to be a relatively quiet environment. The largest producer of noise seem to be cars which pass 
by on the roads located around the plan area. 
Like mentioned before, these cars produce an 
intermittent noise. On all of these roads, cars 
are allowed to drive 30 kilometers per hour.  
Like can be seen in figure 5.6, the average 
sound pressure level produced by a car driving 
30 kilometers per hour is 90 decibel. The new 
buildings should be designed in such a way, 
that the inhabitants will not get annoyed by the sound of these cars, and will not be exposed to sound 
pressure levels mentioned in 5.1 Introduction. 

Figure 5.3: Example of intermittent noise [26] 

Figure 5.4: Example of impulsive noise [27] 

Figure 5.5: Current situation of plan area 

Figure 5.6: Lwr [dB] produced by cars at different speeds [km/h] [28] 
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A sound map of the current situation has 
been made using the program MAS 
environmental [29]. This sound map can 
be seen in figure 5.7. As a result of this 
sound mapping, it is possible to conclude 
that sound pressure levels of 55 - 60 
decibels can at some places be directed 
on the façade. 

5.3.2 Playground 

Like mentioned before in “2.3.6 
Aluminum and metal railings and Steel 
stair railing”, some of the metal 
materials will be recycled and used as a 
new playground for children in the plan area. According to different studies, children at playgrounds 
can produce a sound pressure level 
that can reach 75-80 decibel 
[30][31][32]. Since children are every day able to play here for a long period of time, it is important to 
place this playground at the best possible position in the plan area. 

Other large sound sources, like trains or industry areas are not close enough to the plan area, to have 
any effect on the sound pressure level. 

5.3.3 Floors 

The current apartment buildings seem to have an acoustical problem. The inhabitants of the 
buildings mention that they can very easily hear their neighbors walking, or sliding their chairs on the 
floor. This is mostly a result of contact sound: sound waves that vibrates through the constructive 
elements of the buildings, and can be heard in other rooms. The floors in the buildings seem to be 
the biggest problems. Since the buildings are constructed according to minimum requirements, and 
only have a thickness of 100 millimeters of concrete and a top layer, the floors have a very low mass. 
A low mass very often results in very bad soundproofing properties. A solution needs to be found for 
this problem. 

5.3.4 Atrium 

The new designed residential building will have an 
atrium, which can be seen in figure 5.8. This atrium 
is at the north and south façade, and at the roof 
constructed with glass, while the east and west side 
are constructed with concrete walls, with a window on each floor. Since these are all very reflective 
surfaces, the reverberation might be very high. A target reverberation time for atrium is 1,5 seconds 
[33]. Measures should be taken to receive this reverberation time. 

5.4 Solutions 

Figure 5.7: Sound map of current situation 

Figure 5.8: Atrium in residential building 
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5.4.1 Insulation 

The current apartment buildings have 
been insulated with asbestos. In section 
2.3.5 Insulation materials is mentioned 
that the asbestos needs to be completely 
removed, and replaced with another 
insulation material. Different insulation 
materials have been compared, which can 
also be seen in 5.4.4 Floating floors. As a 
difference to the floating floors, the 
performance properties of the insulation 
materials for the walls are far more important. To get relatively good acoustical, fire safety and 
energy demanding results, Rockwool insulation 
will be used [34]. The outer layer of the outside 
walls on the north and south side of the building are made of Multiplex. The buildup of the new walls 
can be seen in figure 5.9.  

The effect of this walls has been calculated according to the following formulas [24][35]: 

Input data: 

The façade is build up with: 

19,4 m2 Multiplex: RA = 23 dB(A) 

4 m2 Glazing:  RA = 29 dB (A) 

2 m2 Door:  RA = 28 dB (A) 

Kierterm:  3x10-4 

S,j =    25,4 m2 

0,25 m2 Suskast: Dne,A = 39 dB(A) 

Volume room  294,8 m3 

T0:    0,5 sec 

Cg, j:   n.v.t. 

Linv:   55 dB 

 

Calculated values: 

((Se/S,j )* (10^-(RAe/10)) 

Suskast: 

Figure 5.9: Buildup of walls in residential buildings 
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RA = (0,25*10/25,4) * 10-3,9= 1,239 * 10-5 

Multiplex: 

RA = (19,4/25,4) * 10-2,3= 3,828 * 10-3 

Glazing: 

RA = (4/25,4) * 10-2,9= 1,983 * 10-4 

Door: 

RA = (2/25,4) * 10-2,8= 1,248  * 10-4 

 

RA,j = -10 log[∑((Se/S,j )* (10^-(RAe/10))+K] [dB (A)] 

RA,j = 23,5 dB 

10log (V/(6*T0*S,j) = 5,9 

GA,j = RA,j + 10log (V/(6*T0*S,j)) -3 + Cg,j 

GA,j = 26,4 

Lbi = Linv – Ga dB(A), for T0 = 0,5 sec. 

Lbi = 55 – 26,4 = 28,6 dB. 

 

Like can be seen in the formulas, the ventilation vents have been replaced for ventilation silencers, 
which have a great effect on the soundproofing of the wall. It is visible that there is still much space 
for improvement. For instance by improving the glazing, which is in the new situation double glazing. 
This new situation leads to an inside sound pressure level of 28,6 decibel. This is clearly below the 33 
decibel, which was the target inside sound pressure level of the houses. 

5.4.3 Playground 

Different positions for a playground are 
shown in figure 5.10. To compare the effect 
of the different locations of the 
playground, these locations have been 
placed in MAS environmental, which can be 
seen in figures 5.10, 5.11 and 5.12. All 
façades of the surrounding buildings have 
flat and reflective surfaces, constructed 
with masonry and windows. The reflection 
factor used in MAS environmental is 0,8. 

Figure 5.10: Different locations for a playground in new situation 
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Since there is a care center for older 
people in the north of the plan area, who demand rest, option A does not seem to be a very good 
option. The southwest side of the plan area has a big open field, which is orientated to the green 
area on the opposite of the road. Since this is meant to be an open field, option C does not seem to 
be a good option as well. The best option seems to be option B. This area is enclosed by family 
houses, so a lot of the inhabitants of these houses have children. The distance to the nearest houses 
is about 40 meters. This leads to a maximum sound pressure level on this façade of 51 decibel, which 
is an increase of only 2-3 decibel compared to the previous situation. Since this area is not too close 
to any road, this is safer for children as well. 

5.4.4 Decoupling floors 

The contact sound caused by neighbors walking 
or sliding with their chair causes a lot of 
annoyance for the inhabitants of the apartment 
buildings. This seems to be caused by the 100mm 
thick concrete floors, which are dimensioned to 
minimum requirements.  

A solution to this problem could be to completely 
replace all of the floors in the seven floors high 
apartment building. The largest disadvantage 
would be that this measure is very expensive, and 
takes a lot of time.  

Another option would be to decouple the floors. This 
means that the top layer of the floor, on which 
people walk, will be placed on cradles slightly above 
the concrete constructive floor element (figure 5.15). 
This creates an effect of a floating floor. Damping 
elements will be placed between these two layers, to 
create this effect. The remaining space between 
these two layers will be used to place insulation 
material. Different insulation materials have been 
taken into consideration, which can be seen in table 
5.1. As a result of this, Rockwool insulation has been 

Figure 5.11: Location A in MAS 
environmental 

Figure 5.12: Location B in MAS 
environmental 

Figure 5.13: Location C in MAS 
environmental 

Figure 5.14: Buildup of floating floor 

Figure 5.15: Floating floor [36] 
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used for this floating floors. The buildup of this floating floor can be seen in figure 5.14.  

 

Insulation 
material 

Dynamical 
stiffness 
[MN/m3] 

Thickness [mm] 

Glass wool 0,15/d – 0,30/d 10-40 

Rock wool 0,30/d – 1,50/d 10-120 

PE foam 0,30/d 5-10 

EPS-T 0,30/d – 0,50/d 15-60 

Felt 0,60/d – 0,90/d 5-10 

Recycled foam 
flakes 

0,20/d – 0,70/d 10-50 

Low density fiber 11 13 

High density fiber 8,5 11 

Recycled rubber 55 5,5 

Nano-structured 
layers 

22 8 

 

Dynamical stiffness in table 5.1 according to NEN-ISO 9052-1. For calculating, a stress value is used of 
200 kg/m2. 

The effect of the floating floor is calculated according to E3 of The European Standard EN 12354-
2:2000, British standard: 

Input data: 

Mass per unit of concrete floor: m’ = 0,10 m x 2350 kg/m3 = 235 kg/m2.  

Dynamic stiffness per unit area of Rockwool insulation slab: s’ = 0,8/d = 0,8/0,08 = 10 MN/m3. 

Mass per unit area of the wooden floor screed: m’ = 30 kg/m2[40]. 

Volume = 9,075 x 11,6 x 2,8 = 295 m3. 

Calculated values: 

- Equivalent weighted normalized impact sound pressure level of the concrete floor slab, from 
annex B: 

Table 5.1: Different insulation materials with dynamical stiffness [MN/m3] [37][38][39]. 
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Ln,w,eq = 164-35log(m’/m0) with m’0 = 1kg/m2. 

164-35log(235/1) = 81 dB 

- Weighted impact sound improvement index of the floating floor, according to figure C1: 

∆Lw = 27 dB 

- Correction K for flanking transmission, for 0,15 m thick concrete walls: 

0,15 m x 800 kg/m3 = 120 kg/m2. 

m’ = 0,25(4x120) kg/m2 = 120 kg/m2. 

With m’ = 235 for separating element, and m’= 120 for flanking element, table 1 gives an correction K 
of 2 dB. 

- Weighted normalized impact sound pressure level between the two rooms, from equation 
(21): 

L’n,w = Ln,w,eq - ∆Lw + K = 81 – 27 + 2 = 56 dB 

- Weighted standardized impact sound pressure level between the two rooms from equation 
(3): 

 
L’nT,w = L’n,w – 10log (295/30) = 56 – 9,9 = 46,1 dB. 

As a result of this calculation, it is visible that the new floor now has an sound reduction of 46,1 decibel. 

5.4.5 Atrium solutions 

Like mentioned before, the atrium is constructed with a lot of 
reflective surfaces, like glass and concrete. To reduce the 
reverberation time, and achieve an target reverberation time 
of 1,5 seconds, different measures will be taken. 

The first measure is to use vegetation on the east and west 
wall of the atrium, to cover the reflective concrete surface. 
This vegetation has an absorption coefficient of 0,7 [35]. Since 
it is relatively difficult to maintain this vegetation, it will only 
be used to halfway the height of the atrium. The upper half of 
these walls of the atrium will be build up with wooden slants, with an 
absorption coefficient of 0.8. These measures can be seen in figure 5.16 and 
5.17. 

Furthermore, multiple plants, couches and other absorptive elements will be 
placed in the atrium which will help reducing the reverberation time.  

 

The reverberation time is calculated according to law of Sabina: 

Figure 5.16: Measures in atrium 

Figure 5.17: Vegetation in atrium 38 
 



𝐴𝐴 =
0,161 ∗ 𝑉𝑉

T
 

𝐴𝐴 = 𝑆𝑆1 ∗ 𝑎𝑎1 + 𝑆𝑆2 ∗ 𝑎𝑎2 + 𝑆𝑆3 ∗ 𝑎𝑎3+ .. 

𝑉𝑉 = 15,0 ∗ 11,5 ∗ 19,6 = 3381 𝑚𝑚3 

 

Construction element Material Surface [m2] Absorption coefficient 

a [-] 

Surface x Absorption 

coefficient A 

Floor Wood 15 x 11,5 = 172,5 0,15 25,9 

Wall north Glass 15 x 19,6 = 294 0,03 8,8 

Wall south Glass 15 x 19,6 = 294 0,03 8,8 

Wall east (1) Vegetation 11,5 x 9,8 = 112,7 0,7 78,9 

Wall east (2) Wooden slats 11,5 x 9,8 = 112,7 0,8 90,2 

Wall east (3) Glass 6(3,0 x 1,0) = 18,0 0,03 0,54 

Wall west (1) Vegetation 11,5 x 9,8 = 112,7 0,7 78,9 

Wall west (2) Wooden slats 11,5 x 9,8 = 112,7 0,8 90,2 

Wall west (3) Glass 6(3,0 x 1,0) = 18,0 0,03 0,54 

Ceiling Glass 15 x 11,5 = 172,5 0,03 5,2 

Total    388,0 

 

𝐴𝐴 =
0,161 ∗ 𝑉𝑉

T
 

388,0 =
0,161 ∗ 3381

T
 

T = 1,4 sec 

This calculation does not take other objects like plants or couches into account, which also have an 
effect on the reverberation time. The reverberation time of 1,4 seconds is below the target 
reverberation time of 1,5 seconds, which means that the taken measures did have the needed effect. 

Table 5.2: Construction elements in Atrium [35] 

39 
 



6. Building lighting 
 
 
6.1 Introduction 
Light plays an important role in designing a building. Consideration should be given about the lighting 
inside the building, natural and artificial, but also outside the building the light plays its part. 
Daylight mainly controls the biological clock of every living creature. It lets the body know when it is 
time to get up, or when the daylight 
diminished and it is time to go to sleep. Also 
daylight makes us feel comfortable in our 
environment. It is proven by multiple 
researches that one has a higher productivity 
and a greater sense of happiness when there is 
more daylight available in the room[41]. 
Naturally this only counts when the daylight 
does not cause inconveniences, such as glare.  
 
Now a days, people do not only take note of 
the daylight to see what time they have to get 
up, but sometimes they have to get up earlier 
and set an alarm. Artificial lighting is needed 
than, when the daylight is not yet there, or when figure 6.1 Influence of light on biological clock[41] 
daylight only is not sufficient enough in a room to 
perform different tasks. 
 
Outside the building you can think of shadow from the building itself or shadows from other things 
around it, like trees or other houses. Also the situation at night should be thought of. Do people feel 
safe walking somewhere if the sun already is under, et cetera. 
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6.2 Superlocal 
In this project three flats are going to be demolished and one flat will be completely stripped and 
renovated. Also some new houses will be built around this flat. This chapter discusses the lighting 
plan for the project area.  Some important things should be taken into consideration with designing 
the light plan. The corridor is located on the north side of the building and the balconies are located 
on the south. Both the corridor and the balconies are widened and the building itself is in the new 
design seven stories high instead of the old ten stories height. The new houses have three stories. 
Also in the flat there is an atrium made in the centre of the building, as seen in the introduction of 
this report. 
 
 
In building lighting some quantities and units are often 
used[41,42]: 

- Luminous flux Φ [lm] 
Measure of the perceived power of light 

- Luminous intensity I [cd] 
Measure of power emitted by a light source in a 
particular direction per unit solid angle 

- Luminous efficacy η [lm/W] 
Measure of how much luminous flux is generated by an 
electrical light source in relation to the electrical power 
drawn 

- Illuminance E [lm/m2] = [lx] 
Measure of total luminous flux incident on a surface, 
per unit area 

- Luminance L [cd/m2] 
Measure of luminous intensity per unit area of light 
travelling in a given direction 

- Daylight factor DF [%]          figure 6.2 Lighting quantities and units[42] 
The illuminance on a point in the interior space as a 
percentage of the external illumination in the open 
field with the given light distribution of the CIE overcast sky 
 

 
 
 
 
 
 
 
 
 
 
 
     Figure 6.3 Daylight factor[42] 
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6.3 Requirements 
Now the different quantities are known, requirements can be named. The requirements depend on a 
lot of things. The target group should be taken into account and also the activities finding place in the 
different rooms. 
 
6.3.1 Overall requirements 
The building will be filled with dwellings and so the lighting doesn’t have to be as much as at an office 
space, because one will probably not work here. A daylight factor between the two and five percent 
makes the room a daylight lit room, but there will be artificial light needed. Of course the daylight 
factor is higher towards the windows, so the artificial lighting is mostly needed the furthest from the 
window. With a higher daylight factor, there is a higher chance of glare[42]. 
In table 6.1 requirements are set up for the different rooms with thoughts of the different purposes 
of the rooms. 
 

Living room Kitchen Bathroom Bedroom 
Spending most of time 
when at home and 
awake here 

More precise work Only light needed 
when room is 
occupied 

For sleeping no light 
needed, only with the 
going to bed and 
waking up 

Daylight factor minimum(measured in the middle of the room): 
3% 3% 0% 1,5% 

 
 
6.3.2 Electric lighting 
Most likely, more light will be needed then just the daylight coming in, especially in the evenings or in 
the bathroom when someone is in there. Also different light is needed for different tasks. 
The requirements set in table 6.1 are set as a base. In addition to this, electric light can be added. 
This could be for example spots in the kitchen of a table lamp next to the couch. Those lights inside 
the dwelling will be manually controlled. In this way, lights are only on when needed which saves 
energy. The bathroom lighting could be controlled with a sensor, if someone comes in the lights goes 
on. The downside to this is that you have to keep moving or else the lights will go out, so it is better 
when manually controlled. 
 
6.3.3 Elderly vs young families 
There will be different kinds of people in the built dwellings. Here we take a look at two extremes, 
elderly people and young families. In table 6.2 some differences are shown. From those differences, 
it is clear elderly people need more light then young families do, the daylight coming into the room 
will most of the time be not sufficient for the hobbies of the elderly. This could be taken into account 
by putting more windows in the building, but with too many windows there is more daylight coming 
into the room and a higher chance of glare. Especially the young families are affected by this. 
Because the two groups both should live in the same building, there won’t be a higher daylight factor 
set to avoid glare. It is a possibility however to take extra electric lighting into account. There could 
be more access points for lamps and the space for those lamps could be kept in mind with designing 
the dwellings. 
 

Elderly Young families 
More at home Most of the day gone to work/school/hobbies 
Poorer eyesight, especially for precise tasks Eyesight is most likely still good 
Hobbies that require more light (e.g. knitting, 
puzzles) 

Lots of work and hobbies in combination with 
the computer or for kids with big toys 

 

Table 6.1 Base requirements 

Table 6.2 Elderly vs young families 
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6.3.4 Public vs private - electrical lighting 
There are not only private of public spaces. The dwellings and the balconies with it are private, so 
people have to take care of their own lighting here. 
Next to that, there are the atrium, the corridors and the surrounding of the buildings (e.g. the 
playground and parking lots). The atrium and the corridors are semi-private, for people of the whole 
building, and the surrounding is public, so also accessible for people of the neighbourhood. 
In those three places, it is most likely no one will put the lights on or out every evening and morning. 
To avoid this there will be automatically controlled lights here. Those lights will go on when it is 
getting dark and automatically go out when it is light again; this is measured by a sensor. 
In the staircases and elevators, also semi-private, will be automatically controlled lighting too, but 
never going out for safety reasons. 
 
 

 
 
 
Image 6.1 Surrounding of the flat 
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6.4 Balcony’s and corridors 
A problem here could be the widened corridor and balconies in the flat, because they keep more 
light from falling in when they are wider. When it is a problem to the daylight factor inside, a possible 
solution is to integrate glass in the corridor and balcony floors so light less hampered by the 
construction and more light will fall onto the facade. 

 
 
 
 
 
 
 
 
 
 
               
Figure 6.4 Smaller and wider 
balconies 
   
 

Using VELUX[43] it is researched if the widened balconies/corridors are a problem. The outcome of 
this research is seen below, in image 6.2 and 6.3. As seen in the images, there is a low difference, but 
it is not very big, so the widening of the balconies and corridors should not be a problem. 
 

   
  
 
 
 
 
 
 

 
 
 
 
 
   
 
 
 
 
 
 
 
 
What also is seen in the two images above, is that the daylight factor requirement for the kitchen is 
not met. Only in 1/3 of the room the daylight factor is three percent. This could be a problem, so 
there should be a bigger window or the whole apartment should be redesigned. Next to those 
solutions, a different layout of the kitchen itself will help a lot. When the kitchenette is placed under 
the window, the place where you for example cut the groceries is properly lit. The stove usually has 
some electrical lighting above it, so that one should be fine with a little less daylight. 

Image 6.2 Before widening Image 6.3 After widening 
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6.5 Re-use old window frames 
The re-use of the old window frames is theoretically 
possible, there are a lot of different sizes of the frames 
and they are pretty big. The most frames are around 
the 1500x1500mm2. Even though the sizes of the 
window frames are good for the re-use, the material of 
the frames is not a really good material to re-use. The 
frames are made of wood and already very old. Some 
are rotten affected by other things. They are 
qualitative not as good as they should be for another 
50 years in a building. So new window frames will be 
used. 
 
 
  

Image 6.4 Window frames on the balcony side 
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6.6 Atrium 
The daylight factor in the entry of the flat will be a lot higher because of the atrium. There are no real 
requirements to the daylight factor here, because it is not a place where people stay for a long time 
or have to perform complicated tasks. 
However, it can be quite hot in the atrium due to the incoming sunlight and there could be 
inconveniences like glare because of the reflecting glass. With those possible problems in mind, a 
solution should be made. Of course some kind of blinds or other sun protection could be applied to 
the glass. This way part of the light and the heat stays outside. Another way to increase the comfort 
level in the atrium is to reduce the glare possibility. Blinds also help, but to have a multifunctional 
solution, there are plants and wood attached to the side walls of the atrium. The reflecting 
coefficient of the walls decreases with this application and there is less chance of glare. Also it makes 
the atrium a more attractive meeting space. 
 

 
 
 
  

Image 6.5 Plants on the wall in the atrium 
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6.7 Blinds 
As said in the previous paragraph, there should be a kind of blinds in the atrium to prevent glare or 
too much heat. The best option is a pattern made in the glass. This does not need maintenance and 
always works. It also adds a certain look to the building, for example the atrium can refer to 
something with the help of the pattern. 
 
There also should be blinds for every apartment or house individually. Several options are possible; 
individually controlled blinds, or automatic blinds that all go together. The individually controlled 
blinds are more desirable because of the various demands of the different people in the building. 
Some need more light to perform a task, while someone else wants no light coming in. So there will 
be individually controlled blinds. 
 
The kind of blinds best for this building is a sunscreen or a shutter. With a shutter, it is possible 
people will replace it with curtains of what else they like. Sunscreens can be installed while finishing 
the building, so everyone has the same sunscreen and the building has a cleaner look then when 
everyone has something else for their windows. Next to that the sunscreen keeps more heat outside 
than the shutter does, what is very desirable in the summer. 
 

Sunscreen Shutter 
Outside Inside 
Can easy be all the same when places together 
with finishing the building 

Most likely people hang something they like 
themselves 

Keeps the warmth outside Heat can come in 
 
 
6.8 Surrounding 
Because of the lowering of the flat there is a smaller area of shadow at the terrain around it. This 
makes that the domain is more appealing to walk around and for other activities. 
Next to that it is important to have enough streetlights so people will also feel safe walking around 
the area when it is night, also discussed in chapter 6.3.4. 
 

Table 6.2 Elderly vs young families 

 

47 
 



7. Sources 
 
[1] http://carleton.ca/fmp/our-services/maintenance-services/waste-and-recycling/ 

[2] http://www98.griffith.edu.au/dspace/bitstream/handle/10072/14455/39236.pdf?sequence=1 

[3]  Dewulf, B., De Doncker, C., Engel, H., & Binamé, J.-P. (2000). GIDS VOOR HET BEHEER VAN 
BOUW- EN SLOOPAFVAL. Brussel: J.P. Hannequart, E. Schamp. 

[4] http://www.ibbkondor.nl/nl/duurzaamheid/cradle-to-cradle 

[5] van der Aa, P.A. (2016) Recycling concrete by smart crushing. 

[6] http://www.wanz.co.nz/ThermalPerformance 

[7] https://nl.wikipedia.org/wiki/Gipsblok#/media/File:Gipswandbauplatten.JPG 

[8] Marvin, E. (2000). Gypsum Wallboard Recycling and Reuse Opportunities in the State of Vermont. 
Vermont: Vermont Agency of Natural Resources. 

[9] http://www.bouwweb.nl/persmap2006/060521koolstofwapening.html 

[10] Zeiler, prof. ir. W. (2015). Reader Building Services 7S8X0. Eindhoven: TU/e. 
 
[11] Infomil, Stimular, S., & Uneto-VNI. (n.d.). Lage temperatuur verwarming (LTV). Retrieved June 

2016, from Duurzaam ondernemen loont!: http://www.duurzaammkb.nl/tips/tip/667/lage-
temperatuur-verwarming-ltv/ 

[12] Nieuwegiessen, S. V. (n.d.). Retrieved June 2016, from Serge's Loodgieters bedrijf BV: 
http://www.sergesloodgietersbedrijf.com/index.php?option=com_content&view=article&id
=6:aanbieding&catid=4:nieuwsarchief 

[13] GasNed. (2015, March 19). Lage temperatuur verwarming (LTV): wat is dat? Retrieved June 
2016, from Kenniscentrum Energiebesparing: 
http://kenniscentrum.bespaarinstallateur.nl/lage-temperatuur-verwarming-ltv/ 

[14] Techneco. (n.d.). Techneco specialist in warmtepompen. Retrieved June 2016, from Toros vision: 
http://techneco.nl/wp-content/uploads/2015/09/Brochure-Toros-Vision-2015-web.pdf 

[15] Herpen, R. van(2015). Fire safety handout 7S8X0. Eindhoven TU/e 
 
[16] Korado. (n.d.). RADIK KLASIK. Retrieved June 2016, from KORADO ...heat for you: 

https://www.korado.com/products/radik/radik-klasik.html#tepelny-vykon 

 
[17] Maurer,M & Maurer,N & Roekaerts, J (2015). Burenboek Bleijerheide. Boxtel, The 

Netherlands. 

[18] Deguelle,D, Krijnen,M (2011). Energieneutrale kantoorrenovatie. The Netherlands. 

48 
 



[19] Jaffal,I, Ouldboukhitine,S , Belarbi,R  (2011). A comprehensive study of the impact of green 
roofs on building energy performance. La Rochelle, France. 

[20] Blocken,B & Carmeliet,J  (2003). Pedestrian Wind Environment around Buildings: Literature 
Review and Practical Examples. Eindhoven, The Netherlands. 

[21] Tabesh,T & Sertyesilisik,B  (2015). Focus on Atrium Spaces Aspects on the Energy 
Performance. Istanbul, Turkey. 

[22]  Murphy, D. (2009). An observationally based energy balance for the Earth since 1950. JOURNAL 
OF GEOPHYSICAL RESEARCH, 1-14. 

[23] http://www.who.int/docstore/peh/noise/guidelines2.html 

[24] Bouwvraagstuk.nl. Bouwfysica: 
www.bouwvraagstuk.nl/bouwfysica/.../bouwfysica%20week%2012.ppt 

[25] http://www.newceilingtiles.com/Ceiling-AC-Vents_c_10.html 

[26] http://www.nbcnews.com/business/autos/top-thing-do-while-driving-car-aoke-n58981 

[27] http://www.timeslive.co.za/lifestyle/2013/06/24/you-clap-so-i-clap-peer-pressure-drives-
applause 

[28] Murphy, E. and King, E (2014) Environmental Noise Pollution (1e druk). Elsevier 

[29] http://www.masenv.co.uk/ Environmental Health consultancy.  

[30]  Sachwald, B., & Abatemarco, D. (2009). Acoustical analysis methodology for urban rooftop 
playgrounds in New York City. Ottowa, Canada. 

[31] http://esd.ny.gov/Subsidiaries_Projects/VictoriaTheater/17_Noise.pdf 

[32]  Aparecida Tahara Kemp, A., & Ribas Delecrode, C. (2013). Sound pressure level in a municipal 
preschool. Thieme Medical Publishers. 

[33] http://bk.nijsnet.com/04022_trappen_Atria.aspx TU delft: van trappenhuis tot Atrium, 
Geluidsoverdracht over meerdere verdiepingen. 

[34] Jellema, Hogere Bouwkunde, Section Omhulling – Gevels. (2005) 

[35] Siemens, M. (2005). Tabellarium. DGMR. 

[36] http://www.guidediy.com/floating-floor-installation.html 

[37] https://www.devloerenmakers.nl/pdf/Isolerende%20dekvloeren%20-
%20aandachtspunten%20bij%20ontwerp%20en%20uitvoering.pdf 

[38] https://www.acoustics.asn.au/conference_proceedings/ICA2010/cdrom-
ICA2010/papers/p834.pdf 

[39] http://stybenex.nl/wp-content/uploads/2014/12/EPS-T-voor-contactgeluidisolatie.pdf 

49 
 



[40] http://www.rasenbergparket.nl/13-faq/17-geluidsreductie 

[41] Kort, prof. dr. ir. Y.A.W. de (2014). lecture series 0HEUA0 light and experience. Eindhoven: TU/e 
 

[42] Bakker, ir. F.E., Schellen, dr. ir. H.L. & Hak, ir. C.C.J.M. (2010). Dictaat Bouwfysisch ontwerpen 2. 
Eindhoven: TU/e, Faculteit Bouwkunde, Capaciteitsgroep FAGO. 

[43] VELUX Daylight Visualizer 2 

50 
 

http://www.rasenbergparket.nl/13-faq/17-geluidsreductie


8. Appendix 
 
A - Theory and Formulas  

B - Heat Calculations  

C - Sefaira input  

D – Recycling Concrete Using the Smart Crushing Technique 

E – Heat losses 

51 
 



APPENDIX A - Theory and Formulas 
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APPENDIX B Heat Calculations 
 
Rc in old situation 
Type A Materiaal Rc   
Floor Concrete 0,29   
Ceiling Concrete 0,29   
Wall Timberframe 0,36   
Dividing wall Concrete 0,29   
Glazing Single Glazing 5,7   
Door Wood 0,24   
     
Element Floor   

Material λ (Wm-1K-1) 
Thickness 

(m) Rc Uk 
Concrete 0,7 0,2 0,29 3,50 

  Total 0,29 3,50 
     

Element Door    

Material λ (Wm-1K-1) 
Thickness 

(m) Rc Uk 
Solid wood 0,17 0,04 0,24 4,25 

  Total 0,24 4,25 
     

Element Window    

Material λ (Wm-1K-1) 
Thickness 

(m) Rc Uk 
Glazing   5,70 1,15 

  Total 5,70 1,15 
     

Element Timberframe    

Material λ (Wm-1K-1) 
Thickness 

(m) Rc Uk 
Divers   0,36 2,78 

  Total 0,36 2,78 
 
 
Rc in new situation 
Type A Materiaal Rc   
Floor Concrete 2,36   
Ceiling Concrete 2,36   
Wall Timberframe 6,37   
Dividing wall Concrete 0,29   
Glass Double 3   
Door Wood 0,24   
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Element Floor/Ceiling   

Material λ (Wm-1K-1) Thickness (m) Rc Uk 
Afwerkvloer 0,17 0,02 0,12 8,50 
Dekvloer 1 0,025 0,03 40,00 
PE Folie 0,17 0,0015 0,01 113,33 
Isolatie 0,02 0,04 2,00 0,50 
Betonvloer 1,6 0,2 0,13 8,00 
Regels 0,13 0 0,00 0,00 
Gipsplaat 0,21 0,0125 0,06 16,80 
Stuclaag 0,48 0,01 0,02 48,00 

  Total 2,36 0,42 
     

Element Wall    

Material λ (Wm-1K-1) Thickness (m) Rc Uk 
HBS 0,13 0,16 1,23 0,81 
Isolatie 0,02 0,1 5,00 0,20 
Beplating gips 0,18 0,022 0,12 8,18 
Stuclaag 0,48 0,01 0,02 48,00 

  Total 6,37 0,16 
     

Element Door    

Material λ (Wm-1K-1) Thickness (m) Rc Uk 
Massief hout 0,17 0,04 0,24 4,25 

  Total 0,24 4,25 
     

Element Window    

Material λ (Wm-1K-1) Thickness (m) Rc Uk 
Dubbel glas   3,00 0,33 

  Total 3,00 0,33 
     

Element Dividing wall   

Material λ (Wm-1K-1) Thickness (m) Rc Uk 
Beton 0,7 0,2 0,29 3,50 

  Total 0,29 3,50 
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Calculation Heat: 
Room : 198,4 m3 
 
Φtransmissie = ΣAk + Uk(θi – θj) 
 
 
Ventilation V Infiltration V 

50 m3/h 
0,014 
m3/s 0,6 h-1 

0,0099 
m3/s 

 
Φventilatie = ρ cp Vij (θi – θj) 
Φventilatie = 1,2 ⋅ 1000 ⋅ (0,014 + 0,0099) ⋅ (20 + 7) = 774,36 W 
 
Φij =  Φtransmissie + Φventilatie 
Φij =  2905,45 + 774,36 = 3679,8 W 
Dus 3,7 kW 
 
Qwb, verwarming = Qverlies – ηb Qwinst 
 
 
Qverlies = Hverlies (θi – θj) t ⋅ 10-6 
Hverlies = Htransmissie + Hventilatie 
Htransmissie = ΣakUkAk 
Hventilatie = ρ cp V 
 
 

Element 
weegfactor 
ak 

Outer construction 1 
Dividing construction 0 
Groundfloor 1/(U+1) 
Dividing construction house/garage 1 

 
 
Htransmissie = ΣakUkAk 

Element ak Ak Uk H 
Roof 0 76,31 0,42 0,00 
Floor 0 76,31 0,42 0,00 
Wall 1 27,14 0,16 4,34 
Windows 1 8,9 0,33 2,94 
Doors 1 3,6 4,17 15,01 

   ΣHtransmissie 22,29 
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Hventilatie = ρ cp V 
Hventilatie = 1,2 ⋅ 1000 ⋅ (0,014 + 0,0099) = 28,68 W/K 
 
Hverlies = Htransmissie + Hventilatie 
Hverlies = 22,29 + 28,68 = 51 W/K 
 
Qverlies = Hverlies (θi – θj) t ⋅ 10-6 
Qverlies = 51 ⋅ (20 – 10) ⋅ 18316800 ⋅ 10-6  = 0,93 ⋅ 103 MJ 
 

 
Qwinst = Qinterne bronnen + Qzon,raam westgevel + Qzon, raam noordgevel + Qzon, raam oostgevel 
Qinterne bronnen = qint ⋅ Ag ⋅ t ⋅ 10-6 
Qzon,r,raam = Zr Ar ZTA Ezon 
 
Qinterne bronnen = qint ⋅ Ag ⋅ t ⋅ 10-6 

Qinterne bronnen = 6 (aanname) ⋅ 76,3 ⋅ 18316800 ⋅ 10-6 = 8385,4 MJ 
Aanname op basis van NEN 5128, 6 W/m2,  gerelateerd aan grootte vloer oppervlak 
Qzon,r,raam = Zr Ar ZTA Ezon 
Qzon, zuiden = 1,00 ⋅ 5,3 ⋅ 0,8 ⋅ 850 = 3604 MJ 
Qzon, noorden = 0,38 ⋅ 3,9 ⋅ 0,8 ⋅ 850 = 1007,76 MJ 
Qwinst = Qinterne bronnen + Qzon,raam westgevel + Qzon, raam noordgevel + Qzon, raam oostgevel 
Qwinst = 8385,4 + 3604 + 1007,76 = 12.997 MJ 
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γ = Qwinst / Qverlies 

γ = 12.997 /  9300= 1,4    ,  uit de grafiek blijkt dan b = 0,7 
Qwb, verwarming = 9300 – 0,7 ⋅ 12.997 = 2,02 ⋅ 104 MJ 
Dus 20210 / (3,6 ⋅ 75) = 75 kWh/m2a 
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APPENDIX C - Sefaira input 

Step 1 
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Step 2 
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Step 3 
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  Abstract 

Concrete has been an constructive material for a very long time now: even the Egyptians, Greek, and Romans knew about the 
advantages of using concrete for building bridges and aqueducts. Gardener Joseph-Louis Lambot was the first to experiment with 
reinforced concrete in 1845, which, after developments, is nowadays still being used as a constructive material. The buildings 
constructed with concrete will all at some point need to be demolished, which may result in a large amount of concrete debris. 
This debris results in large transport and production for new concrete costs, while recycling of the old concrete may lower these. 
Recycling aggregates of the old concrete could be a solution, but this method still needs to be optimized. Smart Crushing is one 
method to gain this recycled concrete aggregates (RCA). 

 
Key Words: Concrete, Recycled concrete aggregates (RCA), Smart Crushing, Particle Size Distribution (PSD). 

--------------------------------------------------------------------***----------------------------------------------------------------------

1. INTRODUCTION 

1.1 Concrete 
Concrete is a complex material which is composed of mostly 
four materials: aggregates, cement, sand, and water. The 
cement will harden when it is mixed with water. 

 
1.2 Recycled concrete aggregates (RCA) 
The later explained method for gaining the elements of 
concrete, will among others result in concrete aggregates, 
which are useful for recycling. The crushing method results 
in different sizes of crushed concrete, with different amounts 
of clean aggregates. Recycled concrete aggregates may not 
only contain clean aggregates, but also cement paste of about 
the same size. 

 
1.3 Smart Crushing  
For gaining the aggregates and other elements, the innovative 
technique of Smart Crushing is used [1]. During this 
technique, the concrete debris is crushed multiple times in a 
crusher in which two plates are placed (non-parallel) opposite 
to each other, and are moving in a direction relative to each 
other. By adjusting the distance between the two plates, and 
the angle of the crusher, the debris will be crushed to different 
percentages of sizes. The goal of this smart crushing method 
is to obtain the original components of the concrete, without 
damaging these components. 

1.4 Particle Size Distribution (PSD) 
After the material has been crushed using the smart crushing 
technique, concrete debris with a mix of various sizes has 
been obtained. By drying and sieving this mix of crushed 
debris, the mass of the amount of debris for each size can be 
determined by weighting it. As a result of this, the Particle 
Size Distribution (PSD) can be determined, and plotted in 
graphs. After this, the density of this sieved material can also 
be determined, and can be concluded of what size the used 
aggregates are . 

2. METHODOLOGY 
The different sized crushed concrete have been obtained 
using the Smart Crushing method [1]. By adjusting settings, 
like angle and distance of the plates of the concrete crusher, 
various sizes will be obtained.  
 
2.1 Materials 

Crushing results for the following settings of the concrete 
crusher will be discussed: 

- Initial concrete; 
- SC40 – I - I No Sand; 
- SC40 – 0 – I - I No Sand; 
- SC30 - 0 - I No Sand [2]. 

The different distances and angles that are being used 
determine the names above. The PSD results belonging to 
these settings can be seen in chart 1-4. Important to mention 
is that chart 1-3 are showing curves that are results of one 
sample each, while chart 4 shows an average curve of three 
different concrete samples. 

62 

 



Article element of Bachelor Final Project 7NNX0   

 

 
Chart 1: Initial concrete 

 
Chart 2: SC40 – I - I No Sand 

 
Chart 3: SC40 – 0 – I - I No Sand 

 
Chart 4: SC30 - 0 - I No Sand 

 

When analysing at the charts, the percentage of concrete for 
each particle size can be determined by the steepness of the 
Average cumulative line: the steeper the line, the larger the 
percentage of that certain particle size is. This amount can be 
easier determined by looking at the grey, Average Sieve 
Fraction-curve. The maximum value of this curve shows 
which particle size is present most often. 
 
Chart 1 shows the curve for the initial concrete. Compared to 
the other charts, the curves of this chart show (not 
surprisingly) that the percentage of large concrete elements 
(10.000 – 100.000 µm) is far larger than in the other charts. 
This is of course a result of the fact that this concrete has not 
yet been crushed in the way the other samples have been. 
 
In Chart 2, the effect of the crusher can already be seen. The 
percentage of concrete elements of the largest size has already 
decreased significantly compared to Chart 1, which can easily 
be explained since the concrete has been crushed to smaller 
fractions. 
 
Chart 3 shows that the amount of large particle sizes is again 
smaller than in the previous chart. This is a result of the fact 
that the angle of the crusher has changed to zero degrees. As 
a result of this, the concrete will be crushed more 
“effectively”, which results in overall smaller fractions. A 
decrease in smaller fractions is now clearly visible in this 
chart. 
 
Chart 4 can be best compared with Chart 2, since the angle of 
the crusher does not change between these two results. The 
difference between these two charts is the distance between 
the two plates of the crusher, which is 40 millimeters in Chart 
2, and 30 millimeters in Chart 4. As a result of this change, 
the amount of large fractions clearly decreases again. In the 
Average Sieve Fraction-curve, the large peak between 10.000 
and 100.000 µm is hardly visible anymore, which means that 
the amount of large fractions has decreased a lot. The 
Average Cumulative-curve starts increases with a larger slope 
for the smallest fractions (100-1.000 µm), and is far less steep 
for the largest fractions, after which can also be concluded 
that the percentage of smaller fractions has increased. 
 
 
2.2 Testing  
Using a Pycnometer, the density of the samples could be 
determined, after which for each size can be concluded how 
clean the aggregates are. Clean aggregates have a density of 
2,65 g/cm³ [3], while Hardened Cement Paste (HCP) has a 
density of 2,3 g/cm³ [4]. The closer the density is to 2,65, the 
cleaner the aggregate. Hereby has to be taken into account 
that the results can be disturbed by the presence of steel 
derived from the reinforcement of the concrete, which has a 
higher density, or wood, which has a lower density. 
Furthermore, stone-like materials of the radiation shield 
could disturb the measurement, since this has a very high 
density. Unfortunately, the measurements were only done for 
the “Initial Concrete”, and the “SC30 - 0 - I No Sand” –
sample.  
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3. RESULTS AND DISCUSSION 
The results of the measurements using the Pycnometer can be 
seen in Chart 5 and 6.  
 
Analysing Chart 5, it is visible that the highest peak in density 
can be observed at approximately 1.400 to 2.000 µm. The 
measured density at this particle size is between 2,60 and 2,65 
g/cm³, which is relatively close to the density of clean 
aggregates. It is not possible to conclude that this also leads 
to very clean aggregates, because it the particles at this size 
could also be disturbed by materials with a higher density, 
like steel, or parts of the radioactive shield.  
 
Furthermore, especially at the larger particle sizes, the density 
decreases a lot. This is probably an effect of a large amount 
of Hardened Cement Paste, but the fractions at this particle 
could also be disturbed by other materials with a lower 
density, like pieces of wood.  
 

 
Chart 5: Density Initial concrete 

 

 
Chart 6: Density SC - 30 - 0 - I No sand 

 
Analysing Chart 6, it is visible that the density at the lower 
particle sizes is relatively low, approximately 2,5 to 2,55 
g/cm³, which means that the sample is disturbed certain 
materials, or has an high amount of HCP. The density 
increases to about 2.65 g/cm³ at a size of about 5600 µm. This 
shows that the amount of clean aggregates is much higher 
around this particle size.  
 
A notable result is visible at a particle size of 1.000 µm. The 
density at this size is approximately 2,75 g/cm³. This value is 
even higher than the density for clean aggregates, and 
therefore has to be caused by a relative large disturbance of 
other materials, for instance steel derived from the 
reinforcement of the concrete, or stone-like material of the 
radiation shield.  

 
Comparing Chart 5 and 6 with each other, it is visible that the 
densities at the lower particle sizes do not differ very much. 
The largest differences are visible at the larger particle sizes. 
The initial concrete chart reaches a peak at approximately 
1.400 to 2.000 µm, while the peak at Chart 6 (not counting 
the peak at 1.000 µm) reaches a peak at approximately 5.600 
µm.  
 
Values of concrete crushed at other settings of the crusher 
could be useful to more extensively describe the effect of the 
crusher on the density, and amount of clean aggregates in the 
samples. 
 
CONCLUSIONS 
Based on the results, the it is possible to conclude that: 

- Decreasing the distance between the two plates of 
the concrete crusher, results on average in smaller 
fractions. 

- Decreasing the angle of the crushing machine also 
results in smaller fractions, since the crushing 
machine crushes more “effectively”. 

- The largest density, and so the largest amount of 
clean aggregates for Initial concrete can be found at 
a particle size of 1.400 to 2.000 µm. 

- The largest density, and so the largest amount of 
clean aggregates for “SC - 30 - 0 - I No sand” can be 
found at a particle size of approximately 5.600 µm. 

- After crushing the Initial Concrete using the Smart 
Crusher, the density, and so the amount of clean 
aggregates for small particle sizes (lower than 250 
µm), decreases for “SC - 30 - 0 - I No sand”.  

- After crushing the Initial Concrete using the Smart 
Crusher, the density, and so the amount of clean 
aggregates for large particle sizes (larger than 2.800 
µm) increases for “SC - 30 - 0 - I No sand”. 
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Element Uk Values from the physics part

Gevel 0,16 3

Vloer/plafond 0,42 2 2

Deur 4,25 2 4

Raam 0,33 Living Room 3 1 Kitchen/bedroom/bathroom 3 Hall

Woningscheidend 3,5 1 1 5

Dak 0,19 4 6

Binnenwand 3,5 6 5 4

Livingroom: Kitchen: Bedroom: Bathroom: Hall:

Wall 1 Wall 1 Wall 1 Wall 1 Wall 1

Φij 454,07 W Φij 220,2384 W Φij 2367,56 W Φij 453,6112 W Φij 326,4213 W

Ak 10,14 m
2

Ak 8,4 m
2

Ak 30,16 m
2

Ak 8,4 m
2

Ak 9,1 m
2

Uk 0,16 W/m
2
K Uk 3,5 W/m

2
K Uk 0,16 W/m

2
K Uk 3,5 W/m

2
K Uk 0,16 W/m

2
K

θi 20 °C θi 18 °C θi 18 °C θi 22 °C θi 15 °C

θj -7 °C θj 15 °C θj -7 °C θj 15 °C θj -7 °C

V6 ji 0,013 m
3
/s V6 ji 0,037 m

3
/s V6 ji 0,075 m

3
/s V6 ji 0,030 m

3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K

n 1,5 n 4,6 n 3 n 3,7 n 2

V 30,39 m
3

V 28,704 m
3

V 89,88 m
3

V 28,704 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s

Wall 2 Wall 2 Wall 2 Wall 2 Wall 2

Φij 449,63 W Φij -276,515 W Φij -233,99 W Φij 121,0352 W Φij -154,804 W

Ak 9,113 m
2

Ak 7,176 m
2

Ak 7,748 m
2

Ak 7,176 m
2

Ak 10,92 m
2

Uk 0,16 W/m
2
K Uk 3,5 W/m

2
K Uk 3,5 W/m

2
K Uk 3,5 W/m

2
K Uk 3,5 W/m

2
K

θi 20 °C θi 18 °C θi 18 °C θi 22 °C θi 15 °C

θj -7 °C θj 22 °C θj 20 °C θj 20 °C θj 18 °C

V6 ji 0,013 m
3
/s V6 ji 0,037 m

3
/s V6 ji 0,075 m

3
/s V6 ji 0,030 m

3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K

n 1,5 n 4,6 n 3 n 3,7 n 2

V 30,39 m
3

V 28,704 m
3

V 89,88 m
3

V 28,704 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s

Wall 3 Wall 3 Wall 3 Wall 3 Wall 3

Φij 0 W Φij 0 W Φij 565,3104 W Φij 287,2064 W Φij -77,4067 W

Ak 7,332 m
2

Ak 10,4 m
2

Ak 28,16 m
2

Ak 10,4 m
2

Ak 0,6 m
2

Uk 3,5 W/m
2
K Uk 3,5 W/m

2
K Uk 3,5 W/m

2
K Uk 3,5 W/m

2
K Uk 3,5 W/m

2
K

θi 20 °C θi 18 °C θi 18 °C θi 22 °C θi 15 °C

θj 20 °C θj 18 °C θj 15 °C θj 18 °C θj 20 °C

V6 ji 0,013 m
3
/s V6 ji 0,037 m

3
/s V6 ji 0,075 m

3
/s V6 ji 0,030 m

3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K

n 1,5 n 4,6 n 3 n 3,7 n 2

V 30,39 m
3

V 28,704 m
3

V 89,88 m
3

V 28,704 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s

Wall 4 Wall 4 Wall 4 Wall 4 Wall 4

Φij -80,62 W Φij 1119,364 W Φij 2277,91 W Φij 242,0704 W Φij -348,469 W

Ak 7,176 m
2

Ak 4,761 m
2

Ak 7,748 m
2

Ak 7,176 m
2

Ak 10,4 m
2

Uk 3,5 W/m
2
K Uk 0,16 W/m

2
K Uk 0,16 W/m

2
K Uk 3,5 W/m

2
K Uk 3,5 W/m

2
K

θi 20 °C θi 18 °C θi 18 °C θi 22 °C θi 15 °C

θj 22 °C θj -7 °C θj -7 °C θj 18 °C θj 22 °C

V6 ji 0,013 m
3
/s V6 ji 0,037 m

3
/s V6 ji 0,075 m

3
/s V6 ji 0,030 m

3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K

n 1,5 n 4,6 n 3 n 3,7 n 2

V 30,39 m
3

V 28,704 m
3

V 89,88 m
3

V 28,704 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s

Wall 5 Door 1 Door 1 Door 1 Wall 5

Φij 86,48 W Φij 157,5384 W Φij 295,1304 W Φij 307,3112 W Φij -149,344 W

Ak 0,6 m
2

Ak 2 m
2

Ak 2 m
2

Ak 2 m
2

Ak 10,4 m
2

Uk 3,5 W/m
2
K Uk 4,25 W/m

2
K Uk 4,25 W/m

2
K Uk 4,25 W/m

2
K Uk 3,5 W/m

2
K

θi 20 °C θi 18 °C θi 18 °C θi 22 °C θi 15 °C

θj 15 °C θj 15 °C θj 15 °C θj 15 °C θj 18 °C

V6 ji 0,013 m
3
/s V6 ji 0,037 m

3
/s V6 ji 0,075 m

3
/s V6 ji 0,030 m

3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K

n 1,5 n 4,6 n 3 n 3,7 n 2

V 30,39 m
3

V 28,704 m
3

V 89,88 m
3

V 28,704 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s

Wall 6 Window Floor Floor Wall 6

Φij 84,63 W Φij 1120,244 W Φij 0 W Φij 0 W Φij 296,5013 W

Ak 7,748 m
2

Ak 2,415 m
2

Ak 34,568 m
2

Ak 11,04 m
2

Ak 0,6 m
2

Uk 3,5 W/m
2
K Uk 0,33 W/m

2
K Uk 0,42 W/m

2
K Uk 0,42 W/m

2
K Uk 0,16 W/m

2
K

θi 20 °C θi 18 °C θi 18 °C θi 22 °C θi 15 °C

θj 18 °C θj -7 °C θj 18 °C θj 22 °C θj -7 °C

V6 ji 0,013 m
3
/s V6 ji 0,037 m

3
/s V6 ji 0,075 m

3
/s V6 ji 0,030 m

3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K

n 1,5 n 4,6 n 3 n 3,7 n 2

V 30,39 m
3

V 28,704 m
3

V 89,88 m
3

V 28,704 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s

Door 1 Floor Roof Roof Door 1

Φij 639,77 W Φij 0 W Φij 2411,118 W Φij 1087,477 W Φij -109,407 W

Ak 2 m
2

Ak 11,04 m
2

Ak 34,568 m
2

Ak 11,04 m
2

Ak 2 m
2

Uk 4,25 W/m
2
K Uk 0,42 W/m

2
K Uk 0,19 W/m

2
K Uk 0,19 W/m

2
K Uk 4,25 W/m

2
K

θi 20 °C θi 18 °C θi 18 °C θi 22 °C θi 15 °C

θj -7 °C θj 18 °C θj -7 °C θj -7 °C θj 20 °C

V6 ji 0,013 m
3
/s V6 ji 0,037 m

3
/s V6 ji 0,075 m

3
/s V6 ji 0,030 m

3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K

n 1,5 n 4,6 n 3 n 3,7 n 2

V 30,39 m
3

V 28,704 m
3

V 89,88 m
3

V 28,704 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s sec/h 3600 s

Door 2 Roof Door 2

Φij 118,48 W Φij 1152,76 W Φij 480,9493 W

Ak 2 m
2

Ak 11,04 m
2

Ak 2 m
2

Uk 4,25 W/m
2
K Uk 0,19 W/m

2
K Uk 4,24 W/m

2
K

θi 20 °C θi 18 °C θi 15 °C

θj 15 °C θj -7 °C θj -7 °C

V6 ji 0,013 m
3
/s V6 ji 0,037 m

3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K ρcp 1200 J/m

3
K

n 1,5 n 4,6 n 2

V 30,39 m
3

V 28,704 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s sec/h 3600 s

Windows Floor

Φij 467,39 W Φij 0 W

Ak 6,411 m
2

Ak 7,72 m
2

Uk 0,33 W/m
2
K Uk 0,42 W/m

2
K

θi 20 °C θi 15 °C

θj -7 °C θj 15 °C

V6 ji 0,013 m
3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K

n 1,5 n 2

V 30,39 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s

Floor Roof

Φij 0 W Φij 326,6589 W

Ak 24,786 m
2

Ak 7,72 m
2

Uk 0,42 W/m
2
K Uk 0,19 W/m

2
K

θi 20 °C θi 15 °C

θj 20 °C θj -7 °C

V6 ji 0,013 m
3
/s V6 ji 0,011 m

3
/s

ρcp 1200 J/m
3
K ρcp 1200 J/m

3
K

n 1,5 n 2

V 30,39 m
3

V 20,072 m
3

sec/h 3600 s sec/h 3600 s

Roof

Φij 537,42 W

Ak 24,786 m
2

Uk 0,19 W/m
2
K

θi 20 °C

θj -7 °C

V6 ji 0,013 m
3
/s

ρcp 1200 J/m
3
K

n 1,5

V 30,39 m
3

sec/h 3600 s

Total:

Φij 2757,23 W 3493,63 W 7683,04 W 2498,71 W 591,10 W
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