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2 BACKGROUND
Most of our lives take place in buildings, either at home, at work or while doing other
activities. We use energy in buildings more than any other activity, as it is necessary in
order to maintain a high quality of life and perform operations and maintenance of the
building. We use it for heating, air conditioning, lighting and household appliances.
We live in a world of finite resources, where most of the energy consumed in the world
comes mostly from non-renewable sources. Oil, coal and gas are consumed more and
more each year, and we are getting closer to their global depletion. Hence the increase in
price of developing products emanating from these resources, such as transportation as
well as the energy cost of any housing.
This results in us trying to find the highest performance and the highest efficiency of all
energy consuming products, not forgetting to mention also the highest energy efficiency
in the buildings we construct. The building sector accounts for 40% of total energy
consumption in the European Union. Reduction of energy consumption in this area is one
of the most outstanding aims to achieve for the entire continent.
The high energy price is one of the main reasons for the increase in energy efficiency in
buildings. However, we cannot forget another equally important reason like climate
change in the world.
The consumption of fossil fuels produces CO2 and other dangerous gasses that are
seriously harming for the planet and its inhabitants. This causes an increase in global
temperature that gradually leads to the melting of the poles, with the consequent sea level
rise and possible flooding of land areas of the planet.
Many of the buildings in which we live in are inefficient in terms of energy consumption
or in terms of deterioration over time. Research systems available to us today should pose
no problems in giving all of these minimum energy efficient buildings with all the benefits
that entail both economic and environmental aspects.
It is our duty as Construction Engineers to contribute to this particular issue and to try to
provide remedies for these problems by improving energy efficiency of new and existing
buildings as well as improving the quality of life and comfort that is necessary for a
healthy life within our home.
We have all the means and knowledge to improve. So let's do it.
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3- ABOUT FRANEKER
3.1- Location of the city

Image 3.1.1.- Location in the Netherlands

Image 3.1.2- City expansion

Franeker is one of the eleven historical cities of Friesland and it is the capital of the
municipality of Franekeradeel. The municipality covers an area of approximately 10,426
hectares which includes the centre and 16 surrounding villages.
There are about 20 571 people living in the city Frankeradeel, with approximately 13,000 in
Franeker. It is located about 20 km west of Leeuwarden and there we can find unique
buildings specifically to that city such as the old Town Hall or the Church of Franeker.

Image 3.1.3-Old Town Hall of Franeker

Image 3.1.4- Church of Franeker

The most important of the two is the Town Hall which was built in Renaissance style
between 1591 and 1594. The building was than extended in 1760 and the exterior was
restored from 1887 to 1890 having now the same aspect.
Furthermore, something very typical and quite famous of the city of Franeker is the Frisian
handball tournament which is played yearly and has been held in the city of Franeker since
1854, in a famous square on one of the main streets of the city.
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Image 3.1.5 Square in Franeker

3.2- Location of the building
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Image 3.2.1- Location of the house

The building that I am going to study is located on number 10 on the street “Eise
Eisingastraat”(close to the Town Hall), in the historic part of the city.
All the buildings close to this one are very old. It is because all of them were built centuries
ago, during the XVII century.
The city wants to preserve all the characteristics of these buildings because they give a
rather specific character to Franeker’s architecture, as they are the oldest buildings of the
city.
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Image 3.2.2 Location of the building

In front of the Old Town Hall, there is a canal that splits the way in 2 streets, following a
West-East direction. One street is named “Groenmark-Zilverstraat” and the other one is
“Eise Eisingastraat” which is where the building I will be studying is located, as stated
previously.

There is a canal that separates 2 different streets in front of the Town Hall of Franeker,
Image 3.2.3- Buildind of the project (At the middle)

The house has a small corridor ( picture 3.2.2 in yellow) between its right wall facade and the
next building, in order to have a direct access to go to the back part. On the left part of the
house there is a small gap (around 15 cm wide in the immedite front between the two
facedes which widens towards the back of the buildings), that separates the walls of the two
buildings at the closest part of the street.
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On the South facade (where is the main door in the street “Eise Eisengastraat”), we can find
the main entrance to the building, being this part of the house the closest to the canal of the
street “Eise Eisengastraat”.
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4 ABOUT THE EXISTING BUILDING
4.1 General description
The building was constructed in 1617 with around 520 m2 built surface and a garden in the
back part of the house. The house is split into two parts: a main building made up of three
distinct floors (ground floor, first floor and attic) and a secondary smaller construction that is
located at the back part of the main house.
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Image 4.1-1 Main building

Image 4.1-2 Ampliation Smallback house

Image 4.1-3 Main building of the project

The comfort problems of the house are more present in the main part that is used more
frequently by the family.
For that reason, this project will be focused solely on the improvement of thermal comfort in
the biggest and most used part of the building We can see the distributions of all the rooms
inside the building at the Plane 1 of the Annex 1.
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4.2- Structure description
Regarding the building structure, it has a floor with a rectangular form that is the principal
and largest direction of the building, perpendicular to the main facade of the building.
All the weight that the building receives is transmitted to the foundation by load-bearing
walls made with stone solid bricks that normally have 21cm of thickness. We can see the
distribution of materials in the actual wall at the Plane 7 in the Annex 1.
These walls receive the weight transmitted by the roof of the building and by the floors that
divide the different heights of it. The main material of the horizontal structure ( floors and
beams) is wood, which has also been used when builiding the roof, in order to preserve
most of the building’s original aspects.
The different floors of the building, as the various levels, and the cover are also used to
transmit all the weight from the wooden beams to the different bearing walls of the
building, where the beams are supported.
The superficial floor material is also made mainly of wooden slats that cover all the surface
of the floors in almost all the building.
At the images 4.2.1 and 4.2.2 we can see the direction of the wooden beams inside the
building leaning on the two side walls.

Image 4.2.1. Wooden beams

Image 4.2.2. Beams direction
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4.3- Main facade description
On the facade, the first two floors of the building are made with a wall of solid red stone
bricks with light grey mortar and large windows that cover much of the surface of the
facade. These old windows, as it is possible to see, have traces of surface condensation.
The difference of temperature between the inside and the outside of the building is
producing the condensation partition on many of the window, mainly on the South facade
(the closest to the canal).
The roof is formed by an inclined ceramic tile deck, whereby the attic of the building that
carries rainwater to a hidden gutter at the bottom of the roof, is placed just below the attic
window. Above it there are white mouldings that decorate the façade’s top with matching
white around all the window’s openings and on the chimney.
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.
Image 4.3.1- Main facade of the building

Downstairs there are three holes: two windows (on the right) and the front door (on the left)
and of all of them have a little glazing on top that allows the entrance of light into the
building. The first plant is also formed by three openings/windows such as the ground floor,
with lintels straight bricks of the same type as the rest of the facade.
In the highest part of the roof, we can find the chimney of the building, right on the ridge of
the roof and being built using the same type of stone bricks of the main facade.
As for the windows, they have wooden frames painted in green and a glass with very little
thickness has been used. The windows are quite big in size, allowing light and air into the
building. They all have white on the outside part of the perimeter which makes the building's
facade more striking and appealing.
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This part of the house, with the roof have a historical importance for the building because
preserve the typical features architecture of the XVII
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4.4- Roof description
The upper section is also one of the most important parts of the building in terms of
historical value, as it was built in 1617 with a structure made of logs and has been
maintained untouched ever since.

14
Image 4.4.1 Roof of the building

The upper level of the building consists of the attic of the building. Currently, it is almost
empty , as we could only find the boiler of the heating system and some old junk inside.

Image 4.4.2 East facade of the building- Different attic levels

The attic consists of two separate levels , causing the building to have different heights, with
the highest top next to the main facade . The element that separates these two levels is a
great wall of solid stone bricks.
As for the materials, the main material that has been used when building the attic is wood,
except for the brick wall and the chimney flue. In practical terms, the entire deck has been
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build only with pieces of wood from the ground formed by slats, the supporting structure
that gives shape to the deck is constructed with logs and the entire layer of boards that
cover the entire surface of the deck that is covered at the exterior part with roof tiles.
As for the chimney , it is formed by a pipe-like structure made of bricks, in order to insulate
the heat and prevent a possible fire. The conduit rises to the top of the roof using a wooden
structure that helps also to get to the outside as it is possible to see in the image below .
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Image 4.4.3 Chimney structure

It is also important to mention that there are 2 small windows, one on each side of the attic,
on the main front and the back . Here we can see that there have been some problems of air
leaks trying to be solved with small peaces of cardboard.

Image 4.4.-4- Air leaks attic window

Image 4.4.-5 Water filtrations on the attic
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In addition to this finding, we also discovered filtration water filtration problems that are
quite typical to find in old covers, as a they are always exposed to the weather outside and
to a more agressive environment that can damage the constructive elements.
The roof structure of the original building , having been built during the seventeenth
century, has a unique structure that has not been used after that particular century. This
important feature and the fact that during the centuries this particular way to build houses
and rooftops has been lost in order to have a more industrial approach to construction, is
one of the main features of this deck that gives it its historical value .
The chimney in the middle of the roof is also one importan feature that have this kind of
buildings because they needed of a auxiliary structure to rise to the top of the attic
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4.5- Old functions of the building
The building in Franeker , before being used currently as a residential building has had
several different uses.
We have acquired informations about two old functions of the house, one during the
Second World War and the second one after the liberation of the Netherlands.
During the World War II at the German ocupation, the house functioned as a
headquarter to control the food distribution, as the Germans used ration cards and
identification booklets.
These ration coupons from the building have had a crucial role , as they were the only way
to have food throughout the Second World War , which lasted from 1940 to 1945, when
the city of Franeker was liberated from the Germans in mid-April 1945 along with part of
the north of the Netherlands, by the Allied forces, composed from Canadian soldiers.
It is not known the exact moment in which the building ceased to be used as a distributor
of these coupons, as even after the war, the great famine from the war also made the food
to be particularly scarce for the population .
We do know that the building was subsequently used until 1984 as a police station, and
now, we can see exactly what the building looks like during that time, as we have
observed the building plans in the city of Franeker, and thus we could identify which
different rooms of the building were used at that time, as seen on the planning of the
building on the next page.

Image 4.5.1 Old picture of the house
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4.6- Reformation in 1985 & 2000
4.6.1 Reformation in 1985
In 1985 the building in Franeker was restored. During the restoration, the works have
focused on improving the general conditions of the main part of the building, its general
insulation as well as changing the use from Police Station to a residential house. The new
design was made by the architect N.J. Adema who also lives in the city of Franeker.
Mainly, the changes done during the restoration were made to prepare the house for a
residential use, doing works like:
-

Demolition of some parts of the building,new division of the spaces of the house.
New floor materials
Gutter installation
New finishing touches
Kitchen equipment

 About the insulation:
-

-

Restoration of windows and frames
Insulation between the interior levels of the building
Increasing of the insulation at the main facade. Mainly, before the restoration in
1985 the house had a stone wall of 21 cm of thickness plus a extra layer of atone
bricks at the main facade. At the restoration the architect installed on the old walls:
o 2 structures of wooden slats of 5 cm with air between the slats
o New layer of insulation between the 2 wooden structures
o Plasterboard layer
Insulation of the ground floor with soil

We can see all the details from the existing shape of the building seeing all the constructive
elements in the planes 7 and 8 of the annex 1, keeping in mind that the oldest part of the
constructive elements are the stone wall of the facades and the roof. All these details have
been made with the data that the documents of the restoration and the architect gave us.
 About the installations:
- Gas, electricity , hot and cold water installations and a heating system.
- Sanitation facility and a ventilation system
At the final of the project, we will be able to see the documents of the restoration with the
details of all the modifications that the architect made in 1985.
It is important to mention that, around the year 1990, the normatives for the preservation
of historical buildings became more strict in all the Netherlands. That is the reason why,
during the restoration in 1985, the architect had less impairments when making
modifications in the historical building as he had fewer restrictions than nowadays.
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4.6.2 Reformation in 2000
However, the reformation in 2000 did not have the same importance. Mainly the new
changes were done at the back part of the house, which is the part that the family that lives
there does not use frequently.
In general, during that year the insulation of that part of the building was increased, as the
restoration works done in did not focus on that part.
4.6.3 Extra glass layer:
Moreover, there is one element that creates uncertainty of which year it was installed and it
is very important because it is the cause of some of the problems that are present in the
building and it is an extra glass installed on the wooden frame from the existing windows.
This extra glass was fixed on some windows that are mainly in the façade of the street
“EiseEisengastraat” (South facade) and on the windows of the ground floor, principally in
the living room.
Depending of the characteristics of each window, this extra layer was installed to improve
the thermal resistance of the windows and to improve the noise insulation of the traffic
from outside.

Imagen 4.6-1 Anchorage of the extra glass layer on a window

As we will analyse later, where these new layers were installed and what problems it actually
causes on the building.
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4.7.- Other reformations:
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Picture 4.7.1.- North façade of the building

Picture 4.7.2. Location of the windows at the ground floor

With the plans that we have acquired about the city of Franeker and seeing the picture
above, which corresponds to the north facade of the building, we can say that before the
renovation was done in the building in 1985, there were other reformations that were made
to the building since then, as on the blueprint, the gap in the right façade of the arch does
not appear , but nowadays, there are holes in the façade.
If you look at the picture above, in the window on the left, on top of the window we can see
that there is an arch of bricks which is the remainings of an old window that was previously
located in the building.
In the left window it becomes obvious that the changes were performed, since the window
is placed just in the right of the arch support, which would fell if all the weight wuld fall on
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top of it . In addition , the bricks that used to fill the rest of the space do not seem to be as
damaged as the rest of the facade , presenting a more yellowish color.
On the right , the window is placed just below the arch , and it is in the exact spot where
there was a hole in the facade.
The door and the window that exist on the ground floor on the back part, just below the
windows of the first floor, were made in the 1985 reformation, by putting the windows and
the right door under the old arches and it was located in the front as we can see in the
pictures and building plans below.

22
Picture 4.7.3- Drawing of the ground floor of the building when it was a police office, before 1985.

Picture 4.7.4 New door made in the north facade in 1985 (drawing of the restoration).
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5- MAIN PROBLEMS OF THE BUILDING AND MAIN GOALS
The historical building I am going to work on during this project does not have enough
capacity to keep the warmth that it is generated inside of it, producing cold and
uncomfortable conditions in some parts of the building.
The owner is looking for valid solutions as she is spending a lot of money in energy
consumption without having the best results for the conditioning of the building. Most of
the windows of the main façade have condensations, and this indicates that the house has
large thermal bridges on those parts where the building is losing a lot of heat.
Moreover, there are rooms that the owner prefers not to use as they are very cold during
most of the year and it is very expensive keep the warmth inside, as in the case of the living
room. Other rooms are just covered by the curtains most of time in order to try and prevent
the cold from outside of the building from entering.
The main aim of the following work is to find the best possible solutions in order to improve
the comfort inside the building while trying to maintain the warmth in it, without having all
the current heat loss that the building is facing right now.
However, there is one important thing to keep in mind: it is importnt that we do not cause
problems on the building due to its historical value and to the fact that it has been built in
the seventeenth century, with some characteristics of architecture and systems that were
built during that time.
We will have to be careful when designing solutions to preserve the building as it is while
also solving the problems that the building has.
Furthermore, if the energy price is increasing every year, we should think of something in
order to consume less energy and improve the efficiency energy of the building, in order to
reduce the energy consumption of the building and save money in the future.
In summary the main goals of this project will be, in the correct order of importance:
1- Preserve the historical values of the building.
2- Improve the thermal comfort of the house.
3- Try to improve the energy efficiency of the house.
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The main question that would involve all the topics of the project will be:
 Is it possible improve the thermal conditions of the specific seventeen century
historical building, while at the same time trying to solve its energy efficiency issues
and preserving the original architectural values?
In order to solve this question, during the project we will be answering the following subquestions:
-

What are the main problems that affect the thermal comfort of the building and
what are the main ways in which the building is losing heat?
Which things do we have to keep in mind when we are working on a historical
building?
How is losing heat affecting the building and what additional problems does it have?
Could we install a different energy system to improve the energy efficiency of the
building?
Which solutions can we use to improve the thermal comfort and the energy
efficiency?
How much money will it cost to apply all that modifications that we will plan to make
in the building?

24

Final Thesis: Thermal comfort in a historic building in Franeker
6- WHAT IS THEMAL COMFORT?
During the previous discussion, I have mentioned quite a few times the concept of “thermal
comfort”. In this brief overview, I shall describe its characteristics and main features in order
to clarify its nature.
Thermal comfort is the sensation produced when the temperature, humidity and air have
the correct characteristics to do not experiment any cold or warmth sensation.
That comfort depends on several external global parameters that are mainly the air
temperature the humidity of the environment and the speed and cleaning of the air.
Having a control of the temperature with the correct heating system and the correct
ventilation system to control the humidity inside the building we could be able to get the
thermal comfort inside the building.
The correct values in a comfortable environment is around 22ºC of temperature and a 50%
of relative humidity, that is the water that contains tha atmosphere air. Nevertheless the
temperature of every room will be different depending of the type of the room and the
heating installed in each room. At the Annex 4, in the final of the project, we can fin the
documents of the reformation in 1985, and in the specifit document for installation (the
second one) we can find at the page 9 point 9.2 the temperatures that should have every
room with the actual heating system installed in the building.
To control the humidity, a ventilation system should remove the excess of water in the
atmosphere to try to get a good rate of water in the air.
Having a good system that controls that two things it will help to get the thermal comfort in
the house of Franeker.
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7- WAYS TO TRANSMIT HEAT
There are three ways to transfer heat. Understanding these three mechanisms enables us to analyse
the causes of the problems in the building and helps us to find the best solutions.

7.1-

Conduction

It consists in the transport of heat through a substance and occurs when two objects are brought into
contact at different temperatures. Heat is transferred from the high temperature object to the one
with lower temperature, and continues until both objects reach the same temperature, resulting in a
thermal equilibrium.
Some substances conduct heat better than others. Solids are better conductors than liquids, and
these better than gases. Metals are very good conductors of heat, while air is a poor conductor.

7.2-

Convection

Convection occurs when hot fluid areas (low density) ascend to cold fluid regions. When this
happens, cold fluid (high density) goes down and hot fluid ascended. This cycle results in a
continuous flow (convective currents) of heat to the cold regions.
In liquids and gases, the convection is the most efficient way of heat transfer.

7.3-

Radiation

It is a method of heat transfer that does not require contact between the heat source and the
receiver, in contrast to the other two ways. It is based on the transmission of electromagnetic waves,
such as solar radiation emitted.
A black body has a great ability to retain the heat generated by this radiation, while a white body
easily loses it.

7.4-

How does the building loses heat?

A building without sufficient thermal insulation, with thermal bridges or air leaks from
outside to inside, leads to the loss of the energy generated inside.
This is what is happening in the building that we are studying. The image 8.4.1 shows the
different ways in which heat can be lost in a building, either by conduction, radiation or
convection, making its comfort conditions not appropriate.
The losses in each area will be larger or smaller depending on the size of the window, the
opening system or the crystal type and thickness, the thickness of the walls, or the material
and thickness that each floor has.
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These different forms of heat loss will help us to understand better where heat may be lost
at our building, and then find the best way to solve it.

Image 7.4.1

Subsequently, we analysed the thermal image of the main facade of the building using a
thermal camera to find which parts of the façade were having higher heat losses. After, we
will analyse the causes that produced them.
I will describe two concepts that we will use during the project in terms of transmission and
heat resistance :
Thermal Conductivity
It is a property of materials that measures the ability of heat conduction. The units in which
thermal conductivity is expressed are W / mK .
The coefficient of thermal conductivity ( lambda : λ ), characterizing the amount of heat
needed per m2 , so that crossing over the unit of time , 1 m of a homogeneous material to
obtain 1 ° C of difference in temperature between the two faces .
The smaller the value of Thermal Conductivity, the better thermal insulation.
Thermal resistance
It represents the material's ability to resist heat flow. For homogeneous materials it is the
ratio between the thickness and thermal conductivity of the material : R = e / λ where " e " is
the thickness in meters of the material and " λ " is the thermal conductivity in W / mK .
Then the unit will be m2·K/·W
A higher value of the thermal resistance will result in a better insulation.
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8- THINGS TO CONSIDER WHEN YOU ARE WORKING ON A HISTORIC BUILDING IN
FRANEKER
As for regulations affecting the restorations in historic buildings, we should clarify that there
are no specific rules for listed buildings.
As Mr Harm Haitsma (worker in Monuments Advisory Council of the province of Friesland
who is responsible for advising all restorations of listed buildings in the municipality of
Franeker) informed us, this is due to the fact that each building is different and a general
rule for all may not apply as it would affect all the historical buildings and each building can
have completely different problems.
If someone wants to restore something in an historical building in Franeker, what one has to
do first is talk to Mr. Harm Haitsma and get a proper advice about the modifications and the
best solutions for the problems the owner wants to solve.
After that, Mr. Harm Haitsma will receive the planning with the modifications of the building
and all the documents in good order (Formal documents, calculations, drawings). The project
will be analysed by the Council where they will agree to start the restoration or not,
depending on the documentation they received.
In either case, the historic aspect of a historical building must to be preserved, and the
owner is responsible for the correct preservation of the building. The owner cannot
demolish or modify anything within the building without the correct permits.
However, there can be exceptions to renew some historical part if the problem is important
or if the aesthetical aspect of the building will continue being the same.
For example, renew a window is allowed, modifying a historical part of the house but only if
the windows are in a bad shape because that can affect the comfort conditions of the people
that lives inside the house.
One of the most important things about these buildings are the exterior aesthetical aspect,
much more than the inside aspect, as the main facade is one of the elements of the building
along with the roof that characterize it as historic with typical aspects from the architecture
of the XVII century.
In the interior of the building, almost all the house was restored modifying almost all the
house.
It will be forbidden make a modification that causes damage to the aesthetical aspect of the
house. Moreover, it will be forbidden to make any modification that could affect the building
indirectly or can produce problems in the future.
Given the above-stated information, in order to make sure that all the possible solutions that
we will plan to make in the building are implementable, we will have to ask to Mr. Harm
Haitsma all the possible modifications that we have planned to make in the house and after
that he will inform us if it is allowed or if things should be carried out differently.
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9- PROBLEMS OF THE EXISTING BUILDING
Problems of the building
We will classify first all the problems that we have found in the building in a general way and
then we will analyse them one by one to find solutions for all of them.
We will classify them into 2 groups:
 Main Problems
The main problems are those that affect directly the comfort conditions causing heat losses
and a wrong ventilation. They are the most important problems we have to solve.
They belong to the group mentioned below:
-

Heat losses by conduction and surface condensation
Heat losses by convection (Air leaks)
Insufficient ventilation

 Problems caused by humidities and rain water.
The humidity is not related to the temperature of the building, but has severe consequences
affecting comfort conditions inside it. In our analysis, we will test whether those problems
with the water are affecting the comfort conditions inside the building.
-

Capillary moisture spots
Humidity spots by rain water and rain water filtrations
Cracks leaks and filtrations by rain water
Efflorescence

9.1- Main problems
At the drawings from the Annex 1 we can see the location of all this problems at the plane
number 13.
9.1.1. Heat losses by conduction.
The windows of the house are the place where the building is losing more heat by
conduction.
With the measures that we did in the house, exterior existing glass should have around 5
mm of thickness having a low thermal resistance and losing heat.
Consequences of these heat losses are if we see the planes that the rooms 7 and 16 of the
building are not used for the family normally because they are too cold.
That glass from all the windows is a thermal bridge through which the building is losing heat
by conduction.
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Moreover, there are some windows that have surface condensations in the main facade.
Surface condensations can be defined as the water condensation produced by water vapour
that constrains the air inside the building. They appear mainly in thermal bridges, where the
temperature difference between inside and outside the building is quite big. Therefore, the
steam condenses into water drops that remain attached to the hot face of the windows, at
the inner side.
In the main facade of the house, I have to mention that these condensations appear the
most at the highest part of the windows on the same floor. That is because the temperature
difference above is higher than at that of the lower parts of the windows, producing more
condensation, as we can see in the image below:
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Image.9.1.1-1- Surface condensations on one window from the main facade of the ground floor.

We will also analyse, in point 10, why on some parts of the windows there are no
condensations, if all the parts have similar environmental conditions.
9.1.2. Air leaks
Due to the composition of material of the windows, the system of opening and the
adjustment of the frame of the various types of windows, there are slots that allow air to
pass through. This property of the window or door that allows air passage is known as
permeability.
The slots that allow air passage can be:
-

At the junction of different materials
At the junction of the woodwork with facade cladding
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Image 9.1.0.2 -1 Air leaks ways
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9.1.2-2 Different solutions applied to the air leaks:
paperboard and insulation (attic of the building)

There have been attempts to solve the problem in a quick way, especially on the parts which
have small air currents. Those parts have been insulated with small pieces of cardboard
placed at the windows in order to stop the air from coming in.
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As a result of this permeability of the window, there is uncontrolled leakage of air as well as
heat and energy loss, which essentially contributes to higher energy consumption and is a
waste of money.
In the point 10 of the project, the windows of the house will be analysed with a thermal
camera, in order to show specifically where the air leaks in the facades of the house.
Those air leaks have been drawn in the Plane 13 of the Annex 1, but only the ones that affect
directly the comfort conditions (windows B,D,E and door A).
The window G of the attic has air leaks too , as it is possible to see in picture 9.1.2-2, but as
we will check in the point 10, the attic is cold (there is not insulation on the roof) and is not
in use, therefore air leaks in the attic do not modify the comfort conditions for the family
living in the building. That is why on the plane 13, the air leaks of window G have not been
drawn.
As we can see, the air leaks are only at the main facade, mainly in the windows with an
opening system that does not close properly.
9.1.3 Insuficient ventilation of the building.
Condensation apparitions means that there is a problem of humidity inside the building, as
an excess of vapour in the air from the interior environment is present and it represents the
main cause of the condensations. With a correct ventilation of the house this problems
would be solved because the excess of humidity would be ejected by the ventilation system.
In the plane 12 of the Annex 1 we can see which the existing ventilation system is. We will
have to make modifications on it to have the correct ventilation and remove the
condensations.
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9.2- Problems caused by humidities and rain water.
The quality of the inside air depends of the humidity that there is in the environment. There
are some problems that could affect the quality and cleanliness of the air circulating inside
the building, which is the humidities in the walls of the building that could increase the level
of water in the air being one cause of the condensation apparition.
There are some cases that we have to mention.
9.2.1. Capillary humidity
This type of humidity is produced generally on the walls of the ground floors and basements
by capillarity. The consequence is the rise of moisture from the soil onto the walls. The water
rises through the pores of the materials used o the walls and eventually evapourates to the
atmosphere, deteriorating the walls, increasing the vapour in the air and favoring
condensations. We will analyse the walls of the living room on the ground floor with the aid
of a thermal camera (in point 10) to see if the capillary moisture continues affecting the
building or if it was in the past and now we can see only the consequences of it.
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Image 9.2.1 Humidity capillary at the living room

9.2.2. Humidity spots by rain water, rain water filtrations and efflorescence spots.
These moisture stains are caused by faults or damage to the constructive elements of the
building.
In our case, in the building we are studying in Franeker, the main location where we have
found these types of wet spots has been the attic, which is just below the roof which is
exposed to all sorts of weather conditions and thus leads to further deterioration of the
attic.
As we can see in the image below, the moisture is produced on the highest part of the roof,
at the junction between the roof and the wall facade. Wet spots clearly show the way in
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which the water has been travelling from the highest part of the wall until the wooden
ground.

Image 9.2.2.-1 Moisture leaks at the attic

The top right image was taken just below the leaks that were produced on top of the attic.
We can see the impact water has had over the building. A wet spot on the wall and the
wooden ground results in the increase of volume of the wood and thus, loses the
horizontality/stability of the floor.
If the wood is constantly subjected to moisture and drying processes, the rotting of the latter
occurs, with consequent problems of soil strength loss as well as bad smells and possible
fungi.
Also mention that there are rain water infiltrations in the centre of the attic, just below
where the fireplace is located. Most likely it was produced by a deterioration or improper
performance of the waterproofing union of the chimney with the roof.

Image 9.2.2.-2 Water filstrations behind the chimeny
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As it is possible to observe, all these problems come from rainwater, which over time has
deteriorated parts on the outside of the building.
Other part of the building affected by rain water is the side facade. It was probably produced
by the ruptured or inexistent gutter that collected rainwater which was spilled all over the
wall causing black spots that characterize the humidity. In this particular case, the channel
has been repaired so the cause of the problem has been resolved.

Image 9.2.2.-5 Moisture spots at the east facade

One more problem caused by rain water is the efflorescence spots apparition of the main
facade, possibly caused by water runoff by the flashing on the wall.
The problem does not seem serious, but it affects the aesthetics of the historic building and
may continue producing more white spots that are caused by the crystallization of salts
containing the facade materials, when reacting with water.
The modification of the sill would be a way to prevent water from flowing through the wall,
and this would make a small sample to sill, as in the image I have placed on the right (image
9.2.2-4), so that when the water reaches that part it will fall to the ground and will not reach
the wall surface.
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Image 9.2.2.-3 Efflorescence on the main facade

Image 9.2.2.-4 Notch should have outgoing to keep out the water

However, the renewing of the flashing is not allowed because it involves modifications on
the aesthetical exterior appear of the facade, which is an important historical part of the
building. The same problem is present also with the water filtrations by the chimney.
Repairing them involves a modification of the exterior part of the chimney and we have to
keep in mind that the preservation of the historical values of the house is one of the priority
goals of the project.
The town hall would not allow us to solve the problems of rain water filtrations if the
consequences are not very serious. The existing filtration is not big and it is in a space that
the family does not use so the historical value is more important than the small
consequences of that specific problem, which can either way be solved easily, like the owner
did. It is not the best solution to fully solve the problems of course, but it is the only way to
preserve the historical exterior value of the house.
9.2.3 Craks of the main facade
There are cracks in the lowest part of the main façade. This problem will be analysed too in
the point 10 using the thermal camera to know if it has a bad consequences, but one wall
with crack has more possibilities to have heat losses and air leaks thought the gaps between
the cracks. They could have been produced by the water that flows on the flashings of the
windows.

Imagen 9.2.3-1Crakcs of the main facade
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9.3. Consequences of humidity
We will describe now the different consequences that the appearance of humidities can
have on the building itself, its comfort ambit, but also on our health and our economy.
As for the consequences on the house, the most important thing to consider in our building
is the possible destruction of the aesthetic and historic value of the building by humidities or
their consequences, like wood rot from being in contact with water , mold or other fungi or
condensation. In addition, the appearance of humidities produces loss of the economic
value of the building.
Moreover, all these problems at the house affect our economy , because if we want to fix all
the issues these humidities imply, we will have to invest quite a bit of money to solve them.
As for health and comfort, the appearance of humidities on the inside of the house directly
affects the quality of the air we breathe and it can sometimes produce smells and toxins
inside the building ,affect our own health. For example, excess humidity increases the
possibility of respiratory diseases such as asthma or bronchitis.
For all these issues we will find solutions in order to remove the excess of vapour and
humidity in the interior of the building, which can be achieved, for example, with correct
ventilation.
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10. THERMAL ANALYSIS OF FACADES, CONDENSATIONS, AIR LEAKS AND HEAT LOSSES.
To know which part where the building is losing most of the heat we are going to use a
technique call “Thermography”. Using a thermal camera will allow us to know the exact
locations in which the building is losing more heat, as it detects the superficial temperature
difference within objects.
We will start to analyse the problems of the building starting for the “main problems”
previously mentioned (heat losses, air leaks and surface condensations) analysing all the
facades of the house, but firstly, we will explain the causes of the occurrence of
condensation in a building.
10.1 Why are the causes of the occurrence of condensation in a building?
Condensation occurs when there is an object in a building where there is a big temperature
difference. When the vapour water that is contained within air arrives to a specific
temperature called “Dew point” it will start to condensate itself producing the change of
state from vapour to liquid adhering to the coldest place, in our case, the windows of the
main façade that is the only façade where we have could find condensations.
That dew point is different depending of the humidity and temperature of the elements.
Moreover, the water vapour will condense easier if the environment has a higher relative
humidity (more quantity of vapour in the air) or if the vapour is in a cold place ,as it would
change the status from vapour to liquid.
Then, the condensation will appear more frequently in:
-

Cold environments with a big temperature difference.
Humid environments.

In any case, to avoid surface condensation, the main solutions which are generally used are:
-

Reduce the moisture content within the space by increasnig air circulation
Increase the surface temperature of the element where there is condensation
Decrease the value of the coefficient of thermal transmittance of the facade cladding
Use absorbent finishing and coatings (moisture regulators).
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10.2. Main facade

Image 10.2.-1 Facade picture

Coldest point= -1ºC
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Image 10.2.-2- Thermal picture main facade

The blue areas represent the coldest parts on the building facade, while the orange ones
represent where the building is warmer and losing heat. The difference of temperature
betweeen the warmest point and the coldest at the facade surface as we can see in the
thermal scale of the picture 10.2-2 is around 7ºC being the coldest point closes to -2.5ºC at
the window F and 5ºC at any heat losses that we can see in orange colour like the heat from
the window E.
Moreover and not to create any confusion, all the windows have been named using a
number or letter to be differenced. In the plane 13 of the Annex 1 we can see a summary of
the next analysis.
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The thermal pictures were taken during two different days:
-

The first one, in february, the heating system was not activated in the rooms from
the main facade, that was the unic facade where we could took thermal pictures

-

The second one was in may, the owner activated the heating system and let us take
termal pictures of all the facades and in the interior part of the house.

During the analisys of the facades, we have to keep in mind where the extra glass layer
previously mentioned in the project are installed. We can see the details of that extra glass
layer in the planes 9,10 and 11.
We will start analysing the main facade with the thermal pictures tooken the first day and
after we will compare them with the second day, along with some modifications that were in
the house.
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10.2.1- DOOR A - CORRIDOR
We will start analysing the gap on the main door of the building, in the A zone of the thermal
picture.
At the image we can see that there are heat losses on the share of the door, but not at the
top of the door glass where that extra glass layer mentioned before had been installed. This
proves that it somehow prevents the air leaks at this part of the house.

Image 10.2.1-2. Heat losses Main door

Image 10.2.1. Main door

On my second visit to the building, I checked the area, realizing that the door to the building does not
close properly, causing air leaks through the door.
As we can see at the zone 1 of the thermal image, on the corner is not completely closed as zone 2 is
in the middle of the door.
The only solution to solve this problem would be renew the door or repair it to be closed properly,
preventing heat loss.
Solve the air filtrations of the door will help to reduce heat losses thought the corridor, room that is
behind the main door as we can see in the plane 13 (“Problems of the building”) .
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10.2.2.WINDOWS B AND C - LIVING ROOM
 WINDOWS B

Imagen 10.2.2-1 Thermal picture window B

We can see that at the superior part of the window the thermal camera has detected heat
losses but not at the lowest part. This area matches the only part of the window that has not
condensations.
Why in this part of the window there are heat losses and no condensation?
As it is possible to observe, at the lowest part of the window, there is one of the extra glass
layer installed on the original one
That extra glass layer was fixed on the old frame of the window but in this case (window B)
it was only installed at the low part of the window, not on the highest because as this part is
the only opening system of the ground floor of the main facade.

Image 10.2.2-2 Extra glass layer
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At the picture 10.2.2-2 the red arrows are pointing at some of the anchorage points of the extra glass
layer with the old wooden frame.
That extra layer is working “well”, it insulates the noise and increments a bit the thermal resistance
of the windows removing the air leaks, but between the 2 faces of glass (the old window and the
extra glass layer) the humidity of the interior air have been acumulated. That, produces the
condensation of the vapour by the temperature difference, the vapour changes his status from
vapour to liquid and after that it is very difficult to remove the condensations, as there are not any
moviment of air at the air chamber.
At the highest part of the window there is not that extra glass layer, that is why we can see heat
losses at that part of the thermal picture (10.2.2-1). The hot air from the inside goes out because the
opening system of the window does not close properly.
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Image 10.2.2-3 Opening system of the window B

In the picture above we can see the system hinges opening windows enabling the outwardly
swinging motion as we can see in the picture above.
At this window there will be two different types of heat losses, one by convection, because there are
air filtrations caused by a wrong closing system of the window, and one by conduction, because the
big difference of temperature produces the condensation of the water vapour as we can see at the
middle of the window.
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 WINDOW C
On this window, there is not a system that permits the possible opening of the window as at the
window B. For that reason, at the last restoration the same extra glass layer was installed but in all
the surface of the window creating a bigger amount of condensation on it now. This amount of
codensation is much bigger at the highest part,as the hot air tends to go up creating a bigger
temperature difference and creating more condensations, as we can see in pictures 10.2.2-4 and
10.2.2-5.
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Image 10.2.2-4 Window C without opening system

Image 10.2.2.-5- Window C full of condensations

Image 10.2.2.-6- Thermal picture window C

That is the reason why we cannot see heat losses with the thermal camera (10.2.2-6), as it detects
only the heat losses at the surface of the objects, and the exterior glass (the older one) is cold, and
the extra glass layer is warmer in the interior part.
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10.2.3. WINDOW D – STUDY ROOM
This case is very similar than the window B. The extra glass was installed on all the window less on
the highest part like we can see at the picture below.

Image 10.2.3-1 Extra glass layer, on the low part of the window

In this room and as we can see at the plane number 10 of the Annex 1, there is a system to open the
window, and if the thermal camera does not detect heat losses (picture 10.2.3-2)ont this part, it
could mean two different things: firsty, that the opening closes well because there are not heat
losses at the thermal picture, secondly that the extra layer continues acumulating vapour in the air
chamber producing condensations on the old glass.

Image 10.1.4.-2 No heat losses shows on the window D
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10.2.4 WINDOW E AND F – BEDROOM
 WINDOW E
It is the unique window in all the building that does not have condensations in the whole window.
Moreover, we can see the heat losses that the window has in almost all the surface at the picture
10.2.4-2.

Image 10.2.4-1

Image 10.2.4-2 Heat losses window E

Why it does not have condensations?
Because this window is the only one that has a different opening system called “guillotine” and it
does not have the extra glass layer on any part of the window as we can see at the pictures 10.2.4-3
and 10.2.4-4 below.

Image 10.2.4-3 “guillotine” opening system and papers to
reduce air leaks.
Image 10.2.4-3 window E

At the pictures we can see that the owner placed some papers on the window trying to avoid these
leaks that dissolve the entire window condensation.

46

Final Thesis: Thermal comfort in a historic building in Franeker
 WINDOW F
The window F, that is in the same room than the E (where the heating system normaly is not
activated) is a specular case to the one in window C.
The extra glass is covering all the surface of the window preventing the ventilation on the surface
and accumulating the humidity in the air chamber of the window, removing the air leaks but
producing the condensation of the vapour on all the surface of the window.

E

Image 10.2.4-4 Condensation on all the window

F

Image 10.2.4-5 No apparition of heat losses on window F
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Image 10.2.4-6 Condensation on the window.

As we can see at the picture 10.2.4-6, on that window there is a continuous small amount of
condensation.
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10.2.5 WINDOW G – ATTIC
It corresponds with the attic. The thermal camera does not detect heat losses because that part of
the building is cold,as the roof does not have insulation. The temperature of the window glass is of 2.5ºC as it is possible to see on the thermal picture below.
The thermal camera does not detect air leaks because there are not a temperature differences,
however we know that at that part of the building there are heat losses by convection as the owner
has proceeded to put pieces of papers on the window to prevent the air leaks at the joints.

Image 10.2.5-2 Window of the attic

Image 10.2.5-1 Papers in the joints of the window

Image 10.2.5-3 Thermal picture of the window G
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10.2.6 LOWEST PART OF THE BUILDING
At the facade, there is other part where we can find heat losses. It is at the lowest part of the facade.,
just below the windows of the ground floor.

Image 10.2.6-1 Lowest part of the building

Image 10.2.6-7 Heat losses lowest part of the building

Why the building is lossing heat in that part?
After having interviewed the owner, she informed me that the pipes of the heating system
that transport the hot water are in that part of the living room (the same room in which
there are heat losses). Even when the heating system is not activated in that part of the
house the pipes transport hot water for the rest of the building causing this thermal
differences that the thermal camera can detect.
Moreover, if we look well in that part of the facade, there are small areas where it has lost
much of the mortar that binds the bricks of the façade, this may mean that the buiding will
be losing heat in that part because it is a point where the wall has less thermal resistance.

Image 10.2.6-3 Cracks window B

Image 10.2.6-4 Cracks window C
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Different causes that could have helped the deterioration of the materiasl on that part of the
building could be:
-

-

Big agressivity of the exterior environment that deteriors the materials
Big temperature difference between outside and inside (the cracks are in the part
where the radiators are).
Erosion of the material by water evacuated by the sill of the window, which
deteriorates the weaker materials of the facade, such as the cement joints of the
wall.
Erosion of the materials by the humidity of the air entrance of the ventilated air
chamber.

In any case, those cracks shall be covered, and the pipes wil be covered by insulation.
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10.3 East facade
The rest of the thermal pictures of this analyse were taken the second day that we went to
the building to take thermal pictures, being the heating system activated that day.
Besides the windows of the main facade the only place more where the extra layer have been
installed is on the rest of the windows of the ground floor, at the right facade as we can see at the
plane 11 of the Annex 1.

No window at the side facade (at the ground floor) has an opening system then, the extra
glass layer is covering all the surface of the window. The main difference between these
windows than those that are at the main facade is these do not have condensations on their
surfaces, even when being in the same room (living room).
The windows of the ground floor at the right facade of the main building (O, P, Q, R) have
been analysed with the thermal camera one day that the heating system was working but
however, the windows S and T (at the first floor) could not be analysed using the thermal
camera because the high and the small corridor prevented us from reaching them.
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Imagen 10.3-1 Right facade

The windows of this facade have similar conditions, all of them do not have opening system and are
covered by the glass layer in all the surface of the window. Due to the previously stated limitations,
the analysis will not be as comprehensive as the analyse of the main facade.
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10.3.1. Window O, P, Q, (Living room) and R (Library)

Imagen 10.3.1 -1 Window O

Imagen 10.3.1-2 Thermal picture window O
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Imagen 10.3.1 -3 Windows P and Q

Imagen 10.3.1 -5 Window R (TV Room)

Imagen 10.3.1-4 Thermal picture window P and Q

Imagen 10.3.1-6 Thermal picture window R (TV Room)

In general terms, the windows are warm because their thermal resistance is not big. There is
not big difference of temperatures than in the other pictures from the main façade and that
means that there are not air leaks in this part.
In these windows, it is not like in the main facade, where the difference of temperatures at
the same windows could be up to 5ºC. The no existence of an opening system in these
windows favours the non-presence of air leaks because the windows have less joints and the
extra glass layer covers all the surface of the window.
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10.3.2 Windows S and T
We could not analyse these 2 windows with the thermal camera because they are in the first floor
and from the corridor it was impossible to see them.
The window S corresponds with the bathroom from the first floor as we can see at the picture below.
The window is covered by a courtain but it has an opening system and glass are made with simple
glassing, like in all the windows of the building except for window T that has double glassing.

Image 10.3.2.-1 Window S first floor (simple glassing)

Regarding to the window T(image 10.3.2-2), it is made with doble glass and it has condensations in
the air chamber.
That means that the window is not working properly and if we want to solve this specific problem the
only solution is for that window to be replaced by a new one.

Image 10.3.2-2 Window T First floor (Double glass)
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10.4 Back facade

Imagen 10.4.1 Drawing of the back facade

The rooms there are at the back facade are the ones that are frequently used by the family.
On the ground floor there is the kitchen/living room, when they prefer to spend most of
their times during the winter as the main living room is too cold and in the first floor only
two bedrooms are present. We can check the distribution in the plane 1 of the Annex 1.
Those rooms and the bedrooms from the first floor are parts of the building in which
normally the heating system is working and in this part of the building no window has the
extra glass layer like on the other facades of the building.
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10.4.1 Door H and window J (Kitchen)

Imagen 10.4.1-1 Door H (Kitchen)

Imagen 10.4.1-2 Thermal picture kitchen
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Imagen 10.4.1-3 window J (kitchen)

Imagen 10.4.1-4 thermal picture window J

As we can check at the thermal pictures and like at the other windows from others facades
there are heat losses by conduction but there are not air leaks. The door of the kitchen
closesproperly because there are not temperature differences (if we check the thermal scale
from the picture 10.4.1-4 there is a difference of colour but the difference of temperature is
only 1ºC).
On all these windows, the extra glass layer has not been installed, leading to more heat
losses by conduction but no condensations.
We will have to improve the thermal resistence of these as there are a lot of heat losses by
conduction trought the window glassing in all the windows of the building.
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10.4.2 Windows L K ( Bedrooms)

Imagen 10.4.2-1 Windows L and K (Bedrooms)

Imagen 10.4.2-2 Thermal picture windows L,K

At the first floor, the situation is the same than on the ground floor of the North facade. The main
way why the house is losing heatont this part is that it does not have extra glass layer on the old
window. Therefore, to reduce the energy losses it wil be necessary to improve the thermal resistance
of the glassing.

10.4.3 Window M (Attic)
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Imagen 10.4.3-1 Attic

Imagen 10.4.3-2 Thermal picture Attic

The attic, as we can see at the pictures 10.4.3-1 and 10.4.3.-2 the temperature of the wall and of the
glass is the same given that, in that specific part of the building a there are not any radiator inside. It
will not be necessary do changes there if it is an unused and cold space.
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10.5. Causes. Why are condensations only present on the windows surface from the
main facade?
In that part of the house are the general factors that produce condensations in every
building like
-

The building has bad ventilation.
Humid environments
They are produced in places where there is a big temperature difference between
inside and outside (thermal bridges).

One thing is clear, and it is that the condensations are only at the air chamber of the
windows that have the extra glass layer because the exterior glass is very cold for the
exterior temperatures of the street and the interior space is warmer.
But why there are condensations on the windows of the main facade and not on the
windows of the side façade, since they also have the extra glass layer and are sometimes
even placed in the same room (living room)?
There are two possible causes for that:
10.5.1 Bigger temperature difference at the main facade than at the side corridor of the
house.
The first one is because the environment that there is at the main facade is more aggressive
than the environment at the small corridor between the two houses.
The street “Eise Eisengastraat” could be more aggressive. On the one hand the street has a
canal that can increase the level humidity of the environment and the other the width of the
street is very large so it has greater circulation of humid air with colder temperatures.
These colder temperatures would imply that at the windows of the main façade the
difference of temperature is greater and the humidity inside the air chamber of the windows
gets to be sufficiently low to arrive to the “dew point.
At the small corridor that separates the two buildings and on the side facade of the building
there are no condensations on any windows with extra glass installed, so the environment
appears to be less aggressive because the circulation of air is lower being that it is a closed
space. The temperatures would be higher than at the main facade at the street “Eise
Eisengastraat” causing that on the windows the humidity does not arrive until the dew
point” without the presence of condensations.
We can see at the thermal pictures of the main facade that the temperatures of the corridor
and of the small space between the two buildings at the left part of the house is higher than
at the main facade.
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Door of the corridor

Image 10.5.1-1
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Image 10.5.1-2

At the left part (there is a space between the 2 facades), the inexistent ventilation produces
an increment of the temperatures in that small space. It is the first example of the higher
temperatures at the 2 side parts of the house, when the ventilation is lower.
At the right part, there is a clear difference at the corridor between the 2 buildings. If we
look closely the temperature of the wooden door of the side corridor is almost the same
than the temperature of the wall of the house that we are studying. But behind that door, at
the corridor (that is a closed space too) we can see that the temperature of the surface wall
of the next building (there are not windows in that specific part) is higher than the normal on
the street “Eise Eisengastraat”.
That higher temperature at the corridor could be one of the reasons of the inexistence of
condensations at the windows with extra glass layer on the windows of the living room.
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10.5.2 Thermal bridge at the stone sills.
The second one that could produce the condensations are the thermal bridges that are at
the stone sill of the windows.
All windows are supporting on a stone sill where there is a bigger thermal transmission than
at the exterior wooden frame of the window (painted in white colour).

Image 10.5.2-1 Stone sill at the lowest part of
the window

Image 10.5.2-2 Thermal bridge in the detail of the window.

That thermal bridge is bigger if the exterior temperatures are higher so the thermal bridge is
bigger too at the main façade than at the side wall of the house.

59

Final Thesis: Thermal comfort in a historic building in Franeker
That would explain why there is only one window at the main façade that does not have
condensations, even having extra glass layer without opening system. It does not have a
stone sill being supported on the wooden frame, but it could be the glassing of the highest
part of the main door.

Image 10.5.2-3 Window A. Without condensations at the coldest part
of the year

It is clear that is not allowed renew the stone sills of the windows being that we would be
modifying the historic values of the façade. If we want to improve the thermal resistance of
the windows, which is the principal way in which the building is losing heat, we would have
to firstly remove the extra glass layer of the windows, because it is the reason of the
condensations and secondly improve the thermal resistance of the window.
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10.6 Is there a big difference between a window with extra glass and a window
without it?

Imagen 10.6-1 Main facade of the house

In the month of May the owner
decided uninstall the extra glass
layer on the windows from the
ground floor where all the
condensations were.
A few days later the thermal picture
of the right (10.6-3) was taken with
the heating system working in all the
building (not like the thermal picture
10.6-2) where the heating system
was not activated in almost any
room of the building).

Imagen 10.6-2 Thermal picture token during winter with the
extra glass layer installed on al the windows less the E.

D

E

F
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Imagen 10.6-3 Thermal picture- token without extra glass at
the windows B,C and E.

We can compare in picture 10.6.-3 the differences between the windows B-C (without extra
glass now) and the window F, which still has the extra glass. Being able to compare the
difference between the windows with the extra glass and the windows without, we found a
difference of around 3-4ºC.
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11 THERMAL ANALYSIS OF THE HUMIDITY PROBLEMS
11.1 Are the humidities of the building affecting the building?
At the point 9.2 of the project we have seen that there are some parts of the house have
been affected by humidities.
With the thermal camera we can know if the humidities keep affecting the house increasing
the humidity of the air or if the water affected the building only temporally therefore no
intervention is necessary to remove them.
How works the thermal camera detecting humidities?
The thermal camera detects the surface temperature difference of the objects.
If there is humidity in one wall inside the building, the thermal camera will detect that the
humid part is colder than the rest of the wall being that that part is losing heat emitted to
the atmosphere by evaporation of the water causing this temperature difference.
11.1.1 Active humidities
That is what is happening at the capillary humidities of the living room at the ground floor as
we can see at the picture 11.2.1-1 below.

Image 11.2.1-1 Capilary humidityes of the ground floor

Furthermore, in the living room there is a particular spot of humidity emission that increases
the humidity of the environment favouring condensations in the room.
One way to solve this problem is with a good ventilation of the interior air of the house

62

Final Thesis: Thermal comfort in a historic building in Franeker
11.1.2 Inactive humidities
 Moisture spots at the attic.
There were also humidities spots at the attic produced by the filtration of rainwater. As we
can see in the picture, there is no temperature difference on the wall because it is
completely dry. That means that there are not problems of humidities in this part of the
house and it will be not necessary do any intervention to repair them.

11.2.2-1 Moisture spots at the attic. Normal and thermal picture
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12. VENTILATION ANALYSIS OF THE EXISTING BUILDING
12.1 Kinds of ventilation.
Mechanical ventilation: It uses a mechanical system, like fans or ventilation units to eject or
introduce air to the building.
Natural ventilation occurs when the air in a space is changed with outdoor air without the
use of mechanical systems, such as a fan. Most often natural ventilation is assured through
operable windows but it can also be achieved through temperature and pressure differences
between spaces.
Infiltration is separate from ventilation, but is often used to provide natural ventilation air
form the outside air that go into the building thought the joints of the carpentry, cracks
other constructive elements.
Mixed ventilation or hybrid ventilation: uses both mechanical and natural ventilation
processes. It uses a ventilation unit that detects when there is airstream to use the natural
ventilation and when there is not airstream it actives mechanical ventilation.
12.2 What is the actual ventilation system of the building? Is it enough?
For the entrance of new air inside the building there are not in any of the facades any kind of
ventilation gap. There are only 2 for the ejection of the vapours from the kitchen hood and
the dryer as we will analyse later.
Then, the only way for the air entrance is by the windows opening system (if they are
opened). If they are not, the entrance of air inside the building is thought the joints of the
doors and windows, and for the joints from other constructive elements, for example the
cracks of the building, which is a natural way of ventilation by infiltrations.
For the ejection of the internal air, in the humid rooms of the building, kitchen (room 9 in
the plane 12 from the Annex 1), W.C. (room 10), washing machine room (14) and bathroom
(17) we can find one kind of mechanical ventilation that eject the vapours generated inside
to the exterior part of the house.
In the washing machine room and in the kitchen there are 2 gaps made in the walls (1 per
room) to eject the vapours generated by the dryer and by the kitchen hood.
We can see the 2 metal grills from the exterior part of the building.

Image 12.2-1 Metal gill of the dryer (left facade)

Image 12.2-2 Metal grill from the of the kitchen hood
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Moreover, all the humid rooms have a small fan as mechanical ventilation on the top that
ejects the vapours thought a pipe of 12.5cm like is written in the document of the
restoration.

Image 12.2-3 Fan of the W.C. of the ground
floor (Room 10)

Image 12.2-4 Fan of the bathroom first floor
(room 17)
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Image 12.2-5 Fan of the washing machine room form the
first floor (room 14)

There is also one more fan in the kitchen but we do not have a picture of that one.
Then, we can say that the building has 2 kinds of ventilation: natural ventilation for the
entrance of air by the windows and infiltrations and mechanical ventilation for the ejection
of the inside air to the exterior part of the building.
However, according to the documents of the restoration in 1985, there are not any drawings
of the way that the pipes follow thought the building. Most probably the pipes follow the
wooden beams direction and are hidden between the ceiling and the wooden floor like we
can see in the detail below. There are not enough information to know where there are the
vertical ventilation pipes. (plane 12).

Image 12.2-6 Detail of the pipes between the ceiling and the wooden floor from the next level
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If there is condensation in the building, that means that the ventilation is insufficient
because the existing fans are not working properly, are broken or they do not have enough
power to ventilate the house in a correct manner.
If the mechanical ventilation system of the building is not working properly, it will be the
main cause of that apparition of condensations because the air in the building is not
renewing correctly.
12.3 Which consequences has this bad ventilation inside the building?
This insufficient ventilation produces an increasing of the quantity of water in the
environment ( the relative humidity) in the building. At the coldest parts of the year is when
the problems are more serious increasing the posibilities to have condensations on the
thermal bridges and causing colder sensations.
To solve this problem, there will be necessary the installation of new fans and a new
ventilation unit to permit the ejection out of the house of the interior air. The entrance of
new air will continue being like now, by infiltrations.
Ejecting the air in the humid rooms we will create a air current that will absorb the air form
the rest of the rooms of the building permitting the air renewal and preventing the
condensations while improving the quality of the air.

66

Final Thesis: Thermal comfort in a historic building in Franeker
13 HEATING SYSTEM
Heating an entrie building can be the way in which the owners consume most energy and
money. For that reason, and because an insufficient heating system causes could cause cold
sensations affecting the thermal comfort of the house, it is necessary that the building uses
an efficient heating system to provide as much energy as it can using the least amount of
fuel.
Firstly we will analyse the actual heating system to know if it is working properly and after
that we will search for solutions to improve the thermal comfort and the efficency, in order
to try and reduce the energy consumption that the house has currently.
Characteristics of the actual heating system in the house:
At the building there are 2 heating units:
-

The main one is at the attic space without any radiator but where is the heating unit
with a capacity of 120 litres and 40KW of power and allows the distribution of
warmth for the heating of all the building and to warm up the water that will be used
in the bathrooms and washing machine but not at the kitchen.

-

The kitchen has its own heating unit (a small one) because the power of the main
heating unit was no enough to warm the water from the kitchen in a correct way.

13.1 Is it enough to keep warm all the house?
According with the information from the owner, there are some rooms that have problems
to be heated that are the rooms number 7 and 16 (plane 1 of the drawings of the Annex 1),
that is the living room of the ground floor and the bedroom of the first floor. In those rooms
the heating system takes a very long time to warm up the rooms, leading to the fact that the
owner rarely uses them.
 Boiler, pipes and radiators:
The boiler of the heating system was installed in 1985 at the restoration of the building and
it has worked for almost 30 years.
Regarding pipes, the big surface of the building where the heating have been installed (320
m2) causes the distance of these pipes is very large to transport the heat from the boiler to
the radiators losing heat in all that way.
For that reason, the kitchen has its own heating unit because the heating unit does not have
enough power to warm the water of the kitchen. The living room needs a lot of time to be
warmed being that those radiators do not have the same temperature when the heating
system is working than the rest of radiators in others rooms. Moreover, if we have into
account all the heat losses by the windows that there are in those rooms we will know that
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the heating is not the only problem to solve to improve the thermal comfort on that part.
The living room has more heat losses due to the fact that it has 5 windows and moreover,
the heating unit does not have enough power to warm all the big space of the living room.
13.2 How can we improve the efficiency of the heating system?
Efficiency, in a building has a close relationship with thermal comfort. In the building of
Franeker, for example if we want to improve the thermal comfort, we will have to improve
the thermal resistance of the windows, place where the building is losing most of the heat
and also renew the boiler in favour of a more efficient one. Doing the following, the house
will not have the same hat losses than before, and it will consume less energy becoming
itself in a more efficient, energy-saving building.
We will analyse later at the point 15 of the project the energy consumption of the building
and the measures to improve the efficiency energy of the house but first we will explain the
different solutions to apply on the building to improve the thermal comfort.
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14 SOLUTIONS AND REPERCUTIONS ON THE HISTORICAL BUILDING
We can see all the details of the solutions and the modifications that there will made in the
building in the plane 16 (Demolition plan) of the Annex 1.
14.1 HEAT LOSSES ( CONDUCTION-THERMAL BRIDGES+CONVECTION- AIR LEAKS)
These are the solutions that we have planned to make into the building to remove the heat
losses of the building and improve the thermal comfort:
1- Installation of another extra window behind the old ones (double glass window)
2- Increasing the thermal resistance of the facade walls and ground floor up to
2.5m2K/W according with the Dutch normative "Bouwbesluit". To do that, we will
install an extra layer of insulation Alkreflex in the wall facades and a new layer of
insulation on the ground floor.
3- Cracks covering of the main façade
4- Door reparation
 Advantages:
-

-

Improvement of thermal resistance
Removal of air leaks
Removal of condensations being that the new extra windows have an hinged opening
system that can be used to ventilate the air chamber there is between the old and
the new window avoiding the condensation apparition
Building more hermetic
Improvement of the thermal comfort of the building
Improvement of the efficiency energy.
Saving energy and money

 Disadvantages:
-

Investment of money
To increase the thermal resistance of the facade walls we will have to uninstall
temporally the heating installation, and also the furniture and it will be necessary
make readjustments at the electricity installation and also of the water installation
form the bathroom from the first floor.
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14.1.1 Installation of extra window behind the old ones:
By installing a new window behind the existing ones we will get, on one hand, to remove the
air leaks of the house and also increase the thermal resistance in the part of the building
where more heat is lost
 Repercussions on the historical aspects of the building.
To install the new windows, we will have to make perforations in the wall to fix and
immobilize the window, the main question to do this is if it will be allowed make
perforations in the wall to anchor the window to the wall.
According with the Town hall of Franeker make those small perforations is allowed if:
-

They guarantee the completely immobilized windows
They will not affect the aesthetical aspect of the building
They will not cause damage on the historical elements
The new windows have to be fixed properly, completely immobilized.

For that reason, the solution that we have thought for the installation of the new windows is
to build a wooden structure on the interior part of the wall where the existing windows are
(we can see the details of the new window the plane 15 of the Annex 1).
The advantages to build this structure will be:
-

The wall will not suffer the same weight of the new window if they are installed in
the wooden structure.
We will have more anchoring surface because we can use all the surfac of the
wooden structure to install the anchors
If we have more anchoring surface, we can make smaller perforations, reducing the
risk of damage to the wall
In the ground floor, we can anchor the wooden structure to the concrete layer of the
ground floor ( we can see the detail of the actual wooden floor in the plane 8 of the
annex 1) being that is in the ground floor where are the windows more heavy, the
windows “B “and “C” of the ground floor

Doing that, the air chamber that will be in the middle of the two windows (the empty space),
will help to insulate the windows having more thermal resistance. The details of the new
window are in the plane 15 of the Annex 1.
For the installation of the windows, we will make a wooden structure in the periphery of the
gaps( as we can see in the next picture) where the windows will be installed using screws
sealing all the joints to block the air leaks.
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Imagen 14.1.1.-1 Sketchup detail ofo the new wooden structure for the installation of new windows

To make that wooden structure that will support the new windows, we will have to:
-

Demolish part of the wooden slat structure of the periphery of the restoration in 1985
to install the new materials.
Anchor the wooden structure using epoxy resine anchors:
o IN THE GROUND FLOOR: The wooden structure will be anchored to the
concrete layer of the ground floor and to the stone walls of the facade.
o IN THE FIRST FLOOR: the wooden structure will be anchored to the stone walls

We can see the details of the constructive elements of the building in the planes 7 and 8
of the Annex 1. All the information have been extracted from the documents of the
restoration in 1985 that the architect N.J. Adema made in the building.

Those new windows will have an hinge opening system and a double glassing (4-6-4) 2 faces
of glass of 4 mm and one air chamber of 6mm, like we can see in the picture 14.1.1-1 that
will permit the owner to open the windows for ventilation ( in the case of the windows that
have opening system) bloking the air leaks and improving the thermal resistance of the
window at the same time. This solution will reduce the termal conductivity rate, reducing
the possibilities to have condensations on the windows, and if we have, we can open te
windows to permit the ventilation and the condensation would dissapear.
In the Annex 2 of the project, we can see the thermal calculations of the all the elements of
the existing house and with the modifications that the building will have comparing te
themal resistance that they will have after the modifications.
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Van Ruysdael glassing:
We also tought to renew the existing glassing of the windows that the building has actually
using a special glass with an high thermal resistance.
This glass had 7.5mm of thickness and a U value of 3.2 W/m2K as we can see in the details
below.
The problem that we tought was that only is allow renew the glasses when the state of the
window is really bad, and with the measurements that we did on the building, the thickness
of the glasses of the ecisting windows should be around 5mm.
Renew the glass, according with Mr. Harm Hagsma is allowed if the glassing has the same or
smaller thickess becuase it will not be necessary modificate the wooden frame work of the
windows without affecting any exterior esthetical value. However, one bigger glassing than
the actual will need a modifiction of the wooden frames changing the exterior aspect of the
house. And the monumental aspect is more important than the heat losses of the house.
For that reason it is not posssible the installation of this kind of glass.
GELAAGD GLAS
34.32.#. GELAAGD GLAS, BEGLAZING MET KIT OF GLASLATTEN
0. GELAAGD GLAS
Fabrikaat:

Van Ruysdael
Delft
Mail: info@vanruysdael.com

Type:

Omschrijving:

7,5 mm Van Ruysdael isolerend++ extra
geluidsisolerend
warmtereflecterend, extra geluidsisolerend en
doorbraakvertragend glas met een licht oneffen
structuur

Bestelcode:

VR 22.52

Dikte:

7,5 mm

U-waarde glas:

3,2 W/m2.K

LTA-waarde

75 %

ZTA-waarde

71 %

Rw waarde:

36 dB

UV wering:
Gewicht:
Veiligheid:

99 %
18 kg/m2
P2a

#. BEGLAZINGSSYSTEEM
Beglazen met Van Ruysdael Performance en Van Ruysdael Detail of met glaslatten volgens
verwerkingsvoorschrift fabrikant.
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14.1.2 New insuation layer in the facade walls and in the ground floor:
According with the Dutch normative "Bouwbesluit", the thermal envelope elements of the
building must have a thermal resistance of 2.5 m2K/W.
We do not know exactly the thickness of all the materials of the building like is the thickness
of the wooden slat floor but for the interior layers built in the restoration of 1985 we know
exactly the thickness of the material installed being that the architect told us in a interview
with him.
With the data that we have got, the actual thermal resistance of the ground floor (there are
2 types as we can see in the plane 8) is 1.92 m2K/W being this the wooden floor of the
ground floor the main one that cover almost all the surface of the ground floor.
For the wall facades, being able to see all the layers of the wall in the plane 7, the thermal
resistance is 2.03 m2K/W.
For that reason, we will improve the thermal resistance of the two constructive elements
installing:
 Wall facade: New layer of insulation (second layer) on the last wooden slat structure
of the facade walls. We will use the same insulation than in the restoration in 1985
(Alkreflex 1.3 m2K/W and 6.5mm) because is easy to install and quick (it is installed
with staples).
To make this modification we will have to:
o
o
o
o
o
o
o

Uninstall temporary the heating system
Remove temporary the furniture of part of the house.
Demolish the actual plasterboard of the interior part of the facade.
Demolish the tiling from the bathroom
Install the new layer of insulation on the wooden structure
Install a new layer of plasterboard and paint it.
Readjust the electricity and water installation with the new partition material.

According with the thermal calculation form the Annex 2, the new thermal resistance of the
new facade will be of 3.5 m2K/W.
 Ground floor: There are 2 kinds of ground floor as we can see in the plane 8, one
made with wooden slats and other one finished with concrete tiles.
-

Wooden floor: as we can see in the thermal calculation of the Annex 2, the existing
wooden floor has a thermal resistance of 2.03 m2K/W. To improve it until 2.5m2K/W
we will add a new layer of insulation Alkreflex to the ground floor.
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Imagen 14.1.2-1 Wooden floor living room ground floor

To make this modification we will have to:
o Remove temporally the actual wooden slats from the floor.
o Install the new layer of insulation
o Reinstall again the wooden slats on the floor.
The new thermal resistance with this new layer of insulation will be 3.3 m2K/W, bigger than
the 2.5m2K/W.

-

Tiling concrete: It is the other kind of floor there is in the corridors of the house.
We do not know exactly which are the thicknesses of the final layers of this kind of
floor (concrete tiles and concrete extra layer). However we have gave them a
common value to make an approximation of the thermal resistance and it is around
1.78 as we can see in the thermal calculation of the annex 2 for the values for the
existing building.

To improve the thermal resistance until 2.5 m2K/W it would be necessary install a material
with a big thermal resistance like in the other kind of floor. However, it is not allowed to
demolish the tiling concrete to do that because it below of that part could be installations
that we could damage because there is not enough information about where are exactly the
sanitation facilities and how deep they are.
What we can do to improve a bit the thermal resistance of this part is install a small layer of
cork floor on the actual tiling concrete being that all the doors are not in the same level than
the tiling floor as we can see at the picture below. All the doors are almost 1.5cm up than
the level of the tiles being able to install a small layer of that will have 11mm as we can see
in the Annex 3 in the specification of the materials chosen.

74

Final Thesis: Thermal comfort in a historic building in Franeker
This cork layer only a thermal resistance of 0.103 m2K/W but it is the only improvement of
the thermal resistance that we can do without affecting some important aspect of the
house.
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Imagen 14.1.2-2 Small stair between the level of the door an the tiling concrete.

To make this modification we will have to:
o Remove the actual wooden plinth of the corridors (It is allowed).
o Install the new cork layer on the actual tiling concrete ( it will have a finishing similar
to the wood).
o Install a new cork plinth with the new cork plinth

Imagen 14.1.2-3 Cork flooring to install in the building
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 Repercussions on the historical aspects of the building.
Respecting with the modification of the interior layers of the façade walls, the only layers
that will be modified will be the ones built in the restoration in 1985. There will not be any
problem with the temporally removal of the furniture like the blinds and the curtains
because after the restorations we can install them back, just as the heating installation.
Regarding to the ground floor layers, the modifications do not have any repercussions
meaning that the existing material layers will continue being in the building like before. The
only element modified would be the actual corridor plinth that would be replaced for one
made by cork with a wooden finishing similar to the other kind of ground floor of the living
room, the library and the kitchen of the same floor.
14.1.3 Cracks and door reparation
-

Cracks covering of the main facade

To remove the possible air filtrations in the cracks of the main facade and prevent the heat
losses that small part of the main facade will be covered with cement mortar.
 Repercussions on the historical aspects of the building.
The cement mortar will be chosen to have the same colour than the present mortar of the
cement joints without affecting any historical value of the building and preserving the
aesthetic aspect.
-

Door reparation

Repair the main door to remove the air leaks it is allowed if the door will continue having the
same actual aspect than now. To remove the air leaks it will be necessary to fix the door,
changing the existing hinges and increasing the volume of the door at the parts where is the
air leaks when the door is closed. We will get that by applying a special resin suitable for
wooden elements.
 Repercussions on the historical aspects of the building.
The door will be painted having the same characteristics than before solving the problem of
the air leakage of the door so there will not be any damage on it.
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14.2 VENTILATION
To improve the ventilation of the building we will make these modifications:
1- Renew the existing fans from the humid rooms, the mechanical ventilation will
continue working inside the building to eject the interior air but with new and better
fans.
2- New ventilation unit of the attic
 Advantages
-

Improvement of the ventilation inside the building.
Removal of the surface condensations in the windows.
Removal of the excess of humidity in the internal air.
Reduction of the effects of the capillary room from the living room.
Improvement of the quality of the air.

 Disadvantages
-

Investment of money.

According with the Dutch normative "Bouwbesluit” > Meansville buildingregulations >an old
version > somewhere in the 80ties
The new ventilation has to ensure the renewal of all m3 of air inside the building every
hour. Fans will have to have enough power to get that much air to circulate in the correct
manner.
14.2.1 New ventilation flow in the building
The correct ventilation that should have the building would be eject the m3 of air that has
the building every hour.
The actual M3 of air inside the house are:
Groun floor:
160 m2 (surface of the main building) x 3.4m (height) =544m3
First floor:
52m2 (surface of rooms 12,13,14 and 16) x3.10 m (height of those rooms)=161.2m3
108m2( surface rest of the floor)x 2.12m (height of that part)= 228.96m3
Total m3 first floor= 390,16m3
Total m3 main building= 934,16m3
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The fans will be renewed in 4 rooms, which means that each fan has to eject around
230m3/h of air.
We can see the details of the new fans in the Annex 3 of the project.
The new fans have been chosen by 3 reasons:
-

They have enough performance to eject 230m3/h of air.
They detect the excess of humidity so it will be useful to remove the excess of
humidity inside the house.
The fans have an outlet air 100mm, perfect to fit in the ventilation pipes of 12.5mm
that the building has now.

 Repercussions on the historical aspects of the building.
-

Fans:

Renew fans is allowed but to renew them we will have to modify the actual ceiling from the
house to install the new fans in the old pipes and readjust the electricity installation for the
fan operation.
According with the information of Mr. Harm Hagsma, modifying the ceiling is allowed if the
reason for such modification is related to the internal living conditions like the quality of the
air.
The fan that could gave us more problems is that one that will be installed in the bathroom
of the first floor because the height in that part of the floor is of 2.2 metres and it is not sure
the space between the ceiling and attic floor.
If some problems might be encountered and we would have to modify more stuff of the
ventilation system, the professional in historical building of Franeker would have to visit the
building to know which will be the best way to solve the problem with the ventilation
without causing problems in the building.
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14.3 ENERGY EFFICENCY
All the modification planned until now to improve the thermal comfort of the building (that
is second main goal of the project after peserv the historical aspects of the building) has a
direct impact in the energy efficency of the buillding. If we get to have a building to be more
hermetic (that does not lose big quantities of heat), we will have to use less energy to keep
warm the house improving, at the same, the energy efficency of the building.
That is what we have done improving the thermal resistance of the windows, walls and
ground floor materials.
However, there is one modification which can be very useful in order to improve the energy
efficency of the building and it is to renew the old heating unit of the building for a new one
with higher performances and more efficient.
In the Annex 3 we can see one option of heating unit that we can install in the attic of the
building.
 Advantages:
-

Improvement of the energy efficiency
The power radiators of the rooms from the ground floor will be improved getting to
transfer more heat to those rooms from the ground floor.
Improvement of the thermal comfort of the building.
Improvement of the efficiency energy.
Saving energy and money.

 Disadvantages:
-

Investment of money

 Repercussions on the historical aspects of the building.
This modification does not affect any important aspect of the building.
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15 ENERGETIC CONSUMPTION ANALISYS
One of the goals of the project, to further improve the thermal comfort of the building is to
try to reduce the energy consumption due to the continuous increase of energy.
With the solution planned, preventing the air leaks, removing the cold sensations and
improving the thermal resitance of the house, we would have a building that will not lose
the same quantity of energy than before, saving the owner energy and money.
Then, we will do research to know an estimation of the existing energy consumption within
the building, comparing it with the building with all the modifications that are going to be
applied.
15.1 Energetic conumption analysis of the existing building.
15.1.1 Energy distribution of the existing building.
To know an estimation about the quantity of energy that the building is using with the
current status we have used a energetyc software called “ENORM v1.1”. We can to see all
the specifications of the thermal calculations in the Annex 2, the calculations of the thermal
resistances of the constructive elements and the results of the program “Enorm v1.1”.
We had to generalize the most common thermal resistence values from the constructive
components of the building in order to do the calculations, being these the values that there
will be used:
 EXISTING BUILDING:
-

Wall facade: Side and Back facade , plane 7 Annex 1. Thermal resistence=
2.03m2k/W
Ground floor: Wooden Floor, plane 8 Annex 1. Thermal resistance =1.92m2K/W.
Window: Original Window, plane 9 Annex 1. U= 5.7 W/m2K.
Roof: We will use the thermal resistance of the roof plus the floor from the first level
being that the attic is a not inhabited space because it is empty (Roof+ Wooden floor
first floor. Plane 9 Annex 1. Thermal resistane= 2.6 m2K/W.

Then we can see a graphic with the actual distributino of the energy of the building:
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The results are:
1- Heating, the quantity of energy required to warm up all the house is a 75%
2- Hot water, the value to warm all the water for consumption (bathrooms &washing
machine) is 13%
3- For illumination 6%
4- For ventilation: 5%, This rate means the quantity of ventilation that uses the system
of the building.
5- Zomercomfort: 1%. (It is the value that describes an overheating in some part of the
house. It is not a negative value, it only Indicates that there will be some parts of the
building will be warm sometimes needing a bit more of ventilation to remove that
warmth.
The biggest way which the building is spending energy is for heating with three quarters of
the total energy sent on this issue alone. This, like we will see later with the modifications, is
mainly produced by 3 reasons:
1- The house is very big. The main building, where the heating is being used with more
frequence has around 320m2 of surface to warm.
2- The actual windows of the house have not enough thermal resistance, losing a lot of
heat through them.
3- The existent heating unit has not the same efficiency than a modern heating unit
having almost 30 years.
The second way where the building is spending a lot of energy is for warming the water for
consumption. Also it is the central heating unit who is warming this water in almost all the
building less the kitchen that has its own small heating unit.
The others three ways do not have the same importance than the two first ones being that
they do not have the same importance than the others. We will have to improve the building
to reduce the quantity of energy used.
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15.1.2 CO2 emission of the existing building

Knowing the Kg of gas that produces consume 1 MJ of energy from electricity and gas we
can to know the total CO2 emissions of the installations at the building. The biggest one are
in the installation that consumes more energy, and this is the Heating unit that produces the
same % of CO2 emissions than the energy consumption, a 75%.
15.2 Energetic consumption analysis of the new building.
15.2.1 Energy distribution of the new building.
The renovations that we are going to make in the building to reduce the energy
consumption and solve the thermal problems that the building has are:
-

Renew the actual heating unit for other more modern and more efficient.

-

Increasing of the thermal resistance of the façade walls, installing a new layer of
insulation behind the plasterboard layer.

-

Improve the thermal resistance of the actual windows. We will get this firstly by
removing the extra glass layer of all the windows that have it because they are
producing condensations and install extra windows behind the existing ones with
double glassing. Secondly, those new windows will have an opening system, so we
will get remove all the air leaks of the windows with the new ones without a
condensation apparition and moreover the thermal resistance of the windows will be
improved.

The new thermal resistance of the elements will be these:
-

Wall facade: Plane 15 Annex 1. New thermal resistance 3.53 m2K/W
Ground floor: Plane 14 Annex 1. New thermal resistance 3.2 m2K/W
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-

Windows: Plane 15 Annex 1. New U value: 1.51 W/m2K
Roof: Thermal resistance= 2.6 m2K/W.

The graphic with the new distribution of energy is this one:
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12345-

Heating: 56%
Hot water 22%
Illumination 10%
Ventiation: 8%
Zomercomfort: 2%
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15.2.2 C02 emissions of the new building.

15.3 Comparation of the values before and after the modifications
COMPARATION EXISTING BUILDING- NEW BUILDING
ENERGY CONSUMPTION (MJ)
CO2 EMISSIONS (KG)
Installation
Heating
Hot water
Zomecomfort
Ventilation
Illumination
Total

EXISTING BUILDING

NEW BUILDING

173457
30985
2133
11675
14746
232996

78089
30985
3147
11237
14746
138204

DIFFERENCE EXISTING BUILDING NEW BUILDING
95368
0
-1014
438
0
94792

9245
1568
131
716
904
12564

4030
1568
193
689
904
7384

ENERGY
DIFFERENCE DIFERENCE(%)
5215
0
152
689
0
6056

55%
0%
-48%
4%
0%
41%

If we see the values we can check there are values that have been reduced and others that
have not been affected. In the case of heating, all the modifications that will be done at the
building will improve the thermal resistance of the building saving a 55% of energy to of
heating and a total of 41% of the energy consumption and CO2 emissions.
The values that have not changed significantly will be for the installation of hot water and
illumination, because the modifications do not affect those installations. The hot water
rates have grown but the consumption is the same than before being produced by the
reduction of the heating value from 75 to 56%.
The value of the ventilation, the quantity of air that goes inside the building by the joints,
cracks and infiltrations have been reduced exactly by 4% , since a building without air leaks
prevents better future air filtrations inside the building.
The zonecomfort have grown a 59%, that means that the building will be more hermetic and
there will be more overheating by the sunlight in some places of the house, that there will
be mainly the south facade, that is exposed to more hours of sun and has the biggest
windows of all the building. .
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Making all these modifications in the building we will get to have a more efficient house, it
will not have the same heat losses than before improving the thermal comfort of the house
without affecting the historical aspects of the building.
Furthermore, we will analyse the cost of all these modifications and how long will be the
workers to make the restoration to improve the thermal comfort in the building.
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16 COULD WE APPORT ENERGY TO THE BUILDING USING OTHER SYSTEMS LIKE RENOWABE
ENERGY?
Also, to improve the efficiency energy of the building reducing the energy consumption we
could search some different, renewable systems to spend less money in energy in the future.
The possible sustainable systems that we have thought that could provide extra renewable
energy to the heating system to reduce the energy consumption that the house has actually
(4200m3 of gas in 2013 and 3019m3 in 2014) are:
o Solar energy
o Biomass energy
16.1 Solar energy
 Advantages:
-

Reduction of the energy consumption of the house
Renewable energy, it does not produce CO2 emissions
Reduction of the actual CO2 emissions
Reduces dependence on fossil fuels
The aesthetical aspect of the building would not be modified being that they would
be installed the solar panels can affect the image of the building

 Disadvantages:
-

-

High initial cost (buy the solar panels + the installation). The installation of the would
be more expensive being that we would be working on a historical building having to
have more careful and caution to not to cause any damage to the building
Solar panels require periodic maintenance.
The weather would affect the performance of the solar energy capitation.
The orientation of the roof will affect the uptake of solar energy.
The 2 faces of the roof of the house are looking the east and the west direction.
Then, we performance of this solar panels will not be the same than if they are
looking to the South. In order to generate the same energy, a greater number of solar
panels would not have the best performance.

16.1.1. Could we install solar panels at the building even being this a historical building?
That is the first question that we have to know.
Is it allowed install solar panels on the roof of a historical building?
That installation could cause deteriorations at the roof and one of the goals of the project
was preserve the historical aspects of the building.
According to information provided to us Mr Harm Haitsma, installing solar panels on the roof
is not allowed because it would affect the exterior appearance of the building.
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16.1.2 Would be profitable install solar panels?
Moreover, if it would be allowed, the performance of the solar panels would be very low
being that the best performance of the solar panels is produced when the solar panels are
focused to the South, however, the two facades of the roof of the building are one in the
East direction and the other one in the West. So if the installation of solar panels would have
been possible most probably the solar panels would have not been fully profitable for the
owner of the house.

WEST

EAST
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16.2 Biomass energy
o Advantages
-

Renewable energy
Reductions of the CO2 emissions
If residues of other activities such as biomass are used, this results in waste recycling
and reduction.
Reduces dependence on fossil fuels
o Disadvantages

-

Low energy efficiency of biomass fuels compared to fossil fuels.
More biomass is needed to get the same amount of energy.
Fuel can take a lot of volume and can create problems of transport and require large
storage spaces
Big initial investment.
Big space to storage the biomass.

It is clear that have a biomass boiler in the house will emit less C02 emissions using
renewable energy.
16.2.1 Would it be better to replace the new heating unit that we have tough to install in the
building for a biomass system?

A gas heating unit installed in the building has the impact that you will not need storage the
combustible and it would not be necessary to carry with the combustible until the attic
where would be located the biomass boiler.
Moreover, if having a biomass energy the power of the heating will be lower we could have
the same problem that have the house now, that the power of the heating unit is not
enough to warm some of the parts of the building.
For these reasons and knowing that with a gas heating unit we will have more C02 emissions
we think that the best option for the building continue being a gas heating unit.

.
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17 COST ESTIMATION
All the activities will be developed by two workers during all the restoration, being the
price/hour for each worker 35€/hour (70€ both) and being supervised by a project leader.
As there are not enough data to know all the measurements of all the elements from the
building some activities will have an amount of money to include the jobs that do not have a
specific cost.
These activities in the Cost Estimation are called “PC” being these the name of all those
activities and the works that are included in their costs:
PC1: (2000€) TEMPORARY REMOVAL OF THE HEATING INSTALLATION

Temporary removal of the heating installation of the house to start the rest of the works
depositing it in the back of the house to be used as material storage area during the entire
restoration.
It includes the uninstallation of the radiators and the heating pipes that will be preventing
the installation of the new materials and most of the works of the restoration.
PC2: (500€) TEMPORARY REMOVAL OF FURNITURE AND SANITARY EQUIPMENT.

It includes the uninstallation of those elements that prevent the correct execution of the
future works and can be damaged during the work. It will be necessary to remove all the
furrniture from the rooms 7,8 and 9 and all the elements close to the facades as we can see
in the Demolition Plan in the Plane 16 of the Annex 1.
PC3: (1500€) PIPE WORK
Readjustment of heating pipes and sustitution of those ones that are not in good conditions.
PC4: (1500€) REPARATION RADIATORS.
Readjustment of radiators and sustitution of those ones that will not be in a good state.
PC5: (1000€) MODIFICATION OF THE ELECTRICITY INSTALLATION OF THE WALL FACADES FROM
GROUND AND FIRST FLOOR.

All the changes have to be done in order to adapt the electricity installation to the new
materials installed at the interior part of the facade walls. Plugs, switches, adjustments in the
installation.
PC6: (200€) READJUSTEMENT OF WATER INSTALLATION OF THE KITCHEN FROM GROUND FLOOR
AND BATHROOM FROM FIRST FLOOR.

It will comprise the works to adapt the existing water instllation to the new partition from
the kitchen (room nº9) and bathroom from the firts floor (room nº17).
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PC7: (2500€) VENTILATION INSTALLATION.
It includes all the works that could affect the wrong operationalization from the new ventilation
system like sustitution of ventilation pipes, temporary removal of the existing ceiling electricity
readjustments..
PC8: (2000€)REINSTALLATION OF HEATING .
Reinstallation of the heating system when all the works will be finished.
PC9: (500€) REINSTALLATION OF FURNITURE .
Reinstallation of the furniture elements when all the works will be finished.
PC10: (100€) CLEANING OF THE HOUSE .
Removal of possible derbis and cleaning of the parts of the house where we have been working.

The values of the “PCs” will be in the cost stiation in the collum of “Labour”. However, those
activities include the labour and also the new materials. It is not clear which quantity of materials we
will need, but the biggest part of the money for each PC will be the labour.

The data of the material cost and the performance of workers have been extracted from a
two databases called “CYPE” and IVE” used in Spain.
All the details and all the material that there will be used
RESULTS:
The final cost of all the modifications planned to develop in the building will be, including
VAT, 120124.10€ being the details in the next page.
For that amount of money, we have added:
-

10% of Unexpected risk ( because we are working in a historical building and we
might have incidentals during the restoration)
5% of indirect cost.
Risk 5%
Profit 2%
VAT (it will be 6% for the cost of the labour, and 21% for the material cost)
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ing
verbouw Grote Kerkstraat 228 te Leeuwarden
i.o.v. mw. M.A. Zwamborn

1 van 2

COST ESTIMATION
25/06/2014
average wage

/hour

70,00
LABOUR

Code Sub-code

Description

unit

Quantity

MATERIAL

SUBCONTRACTING

Equipment

m.u./

m.u./

Arbeid

Material

Material

Equipment

Equipment

unit

quantity

TOTAAL

unit

TOTAAL

unit

TOTAAL

TOTAL

SUBTOTAL

TOTAAL

General
Bank garantee (9 weeks)

pc

1,00

500,00

500,00

Building insurance

pc

1,00

2.500,00

2.500,00
3.000,00

General Costruction Costs
Formen / Project leader

week

12,00

Small equipment

pc

1,00

Tubular scaffold facade works until 6 m of high Scaffold S.L. (67€/week)

week

9,00

Services (water - electricity) PRINCIPAL (Provided by the owner)

pc

1,00

Container for derbris CEMEX 6m3 of capacity (70€/week)

week

11,00

m2

23,50

2000

24.000,00

24.000,00
2.000,00
603,00

2.000,00
603,00

770,00

770,00
27.373,00

DEMOLITION & PREVIOUS WORKS

1
1,1

Removal extra glass layer windows A,B,C,D,F,O,P,Q and R

0,16

3,76

263,20

263,20
2.000,00

1,2

(PC 1) Temporary removal of heating installation of the facade walls

pc

1,00

2.000,00

1,3

(PC2) Temporary removal of furniture and sanitary equipment close to the facades. And everything from the rooms 7,8
and 9 including the actual plinth of those 3 rooms.

pc

1,00

500,00

500,00

1,4

Demolition existing plasterboard layer of the facade walls including cleaning and removal of debris

m2

175,70

26,36

1.844,85

1.844,85

1,5

Demolition actual wooden partittion of the periphery of the windows including the 2 layers of wooden slats with a
section of 5x3cm and the existing insulation insulation layer including cleaning and removal of debris

m2

13,00

0,40

5,20

364,00

364,00

1,6

Demolition tiling layer of the bathroom including cleaning and removal of debris (room 17 first floor)

m2

6,00

0,20

1,20

84,00

84,00

1,7

Removal actual plinth from corridors. (Rooms 1,2 and 3)

m

54,00

0,10

5,40

378,00

378,00

1,8

Temporaly removal of the existing wooden floor from rooms 7,8 and 9

m2

118,00

0,10

11,80

826,00

826,00

2,1

PARTITION WORKS
WOODEN STRUCTURE

0,15

6.260,05
2

2,1,1

Wooden structure on the interior wall facade for the installation of the new new extra windows, Structure made with
wooden slats fixed by screws

m2

13,00

0,7

9,10

637,00

40,00

520,00

1.157,00

2,1,2

Installation, on the interior wall facade from the rooms 12 and 16 of the wooden slat structure that have the rest fo the
facades of the building following the order of layers of the wall detail of the plane 14 in the annex 1. (one layer of vertical
wooden slats on other with horizontal slats)

m2

11,00

0,6

6,60

462,00

25,00

275,00

737,00

m2

11,00

0,07

0,72

50,05

12,56

138,16

188,21

m2

100,00

0,07

6,50

455,00

12,56

138,16

593,16

m2

80,00

0,07

5,20

364,00

12,56

1.256,00

1.620,00

2,2
2,2,1

2,2,2

2,2,3

WALL INSULATION
New layer of insulation Alkreflex (first layer of insulation) at the interior wall facade installed with staples on the South
facade from the first floor (rooms 12 & 16)
GROUND FLOOR New layer of insulation Alkreflex for the interior wall facades (second layer of insulation) on the
existing wooden slat structure installed with staples (rooms 1,7,8,9 and 3). Including the insulation on the new wooden
structure for the new windows.
FIRST FLOOR New layer of insulation Alkreflex (second layer of insulation) at the interior wall facades installed with
staples on the existing wooden slat structure (rooms 12, 16,17,18,19,20 and 21)

4.295,37

FLOORING WORKS

3
3,1

NEW FLOOR CORRIDOR GROUND FLOOR

3,1,1

Cork floor layer as insulation from the rooms 1,2 and 3. Installed directly on the existing floor in the corridor and along

m2

36,00

0,20

7,20

504,00

48,00

1.728,00

2.232,00

3,1,2

Installation of cork plinth in the perimeter of those corridors.

m

54,00

0,15

8,10

567,00

4,30

232,20

799,20

12,56

1.482,08

1.895,08

3,2

FLOOR INSULATION ROOMS 7,8,9

3,2,1

Insulation layer Alkreflex for the ground floor installed below of the actual wooden slats for the rooms 7,8 and 9

m2

118,00

0,05

5,90

413,00

3,2,2

Installation of the old wooden floor from the rooms 7,8 and 9

m2

118,00

0,13

15,34

1.150,50

1.150,50
6.076,78

GLASSING WORK

5
5,2
5,2,1

NEW WINDOWS BEHIND THE OLD ONES
Front facade Window A New extra window (double glassing) with an hinged opening system

Scaffold
m2

1,10

0,70

0,77

53,90

235,00

258,50

312,40

5,2,2

Front facade Window B New extra window (double glassing) with an hinged opening system

m2

4,01

0,70

2,81

196,49

235,00

942,35

1.138,84

5,2,3

Front facade Window C New extra window (double glassing) with an hinged opening system

m2

4,27

0,70

2,99

209,23

235,00

1.003,45

1.212,68

5,2,4

Front facade Window D New extra window(double glassing) with an hinged opening system

m2

2,70

0,70

1,89

132,30

235,00

634,50

766,80

5,2,5

Front facade window E New extra window (double glassing)with an hinged opening system

m2

2,70

0,70

1,89

132,30

235,00

634,50

766,80

Front facade Window F New extra window (double glassing) with an hinged opening system

m2

2,70

0,70

1,89

132,30

235,00

634,50

766,80

5,2,7

5,2,6

Right facade Window O New extra window (double glassing)with an hinged opening system

m2

2,23

0,70

1,56

109,07

235,00

523,11

632,18

5,2,8

Right facade Window P New extra window attached by screws to the new wooden structure with an hinged opening
system

m2

2,23

0,70

1,56

109,07

235,00

523,11

632,18

5,2,9

Right facade Window Q New extra window (double glassing) with an hinged opening system

m2

2,23

0,70

1,56

109,07

235,00

523,11

632,18

5,2,10

Right facade Window R New extra window (double glassing) with an hinged opening system

m2

2,23

0,70

1,56

109,07

235,00

523,11

632,18

5,2,11

Right facade Window S New extra window (double glassing) with an hinged opening system

m2

1,50

0,70

1,05

73,50

235,00

352,50

426,00

5,2,12

Back facade Window J New extra window (double glassing)with an hinged opening system

m2

2,95

0,70

2,07

144,55

235,00

693,25

837,80

5,2,13

Back facade Window N New extra window (double glassing) with an hinged opening system

m2

0,83

0,70

0,58

40,67

235,00

195,05

235,72

5,2,14

Back facade Window L New extra window (double glassing) with an hinged opening system

m2

1,93

0,70

1,35

94,57

235,00

453,55

548,12
548,12

5,2,15

m2

1,93

0,70

1,35

94,57

235,00

453,55

5,3,1

Window "T" Double glassing broken. Intallation of a new one

m2

0,95

0,80

0,76

53,20

77,00

73,15

126,35

5,3,2

Door "H" (no historical window made in 1985) Sustitution of the existing simple glassing for a new one double

m2

2,95

0,80

2,36

165,20

77,00

227,15

392,35

pc

1,00

3,00

3,00

210,00
1.500,00

1.500,00

4,00

4

2.366,14

2.366,14

1.500,00

1.500,00

5,3

Back facade Window K New extra window (double glassing) with an hinged opening system
RENEW DOUBLE GLASSING

10.607,52

HEATING SYSTEM

6
6,1

Removing actual heating unit

6,2

(PC 3) Pipe work

pc

1,00

6,3

New Heating unit IDEAL 40KW (installation +heating unit)

pc

1,00

6,4

(PC4) Reparation radiators

pc

1,00

210,00

5.576,14

ELECTRICITY

7
7,1

(PC5) Modification of the electricity installation of the wall facades from ground and first floor

pc

1,00

1.000,00

1.000,00
1.000,00

WATER INSTALLATION

8
8,1

(PC6) Readjustement of water installation of the Kitchen from ground floor and the Bathroom on the first floor

pc

1,00

pc

4,00

200,00

200,00

9,1

Fans in humid rooms

9,2

(PC7) Ventillation installation

10,1

Covering cracks main facade with white cement mortar , same colour of the joints from the facade mortar

m2

1,00

0,13

0,13

9,10

0,48

0,48

9,58

10,2

Front door (door A) Reparation existing door

pc

1,00

2

2,00

140,00

207,54

207,54

347,54

11,1

New plasterboard layer on the interior facade wall (new last partition layer) made with panels of 12,5mm of thickness
anchored to the wooden slat structure installed before

m2

135,70

0,3

40,71

2.849,70

8,00

1.085,60

3.935,30

11,2

New plasterboard layer on the interior facade wall (new last partition layer) made with panels of 12,5mm of thickness
anchored to the wooden slat structure installed before. Moisture resistant panels for the kitchen (humid room 9).

m2

40,00

0,3

12,00

840,00

8,50

340,00

1.180,00

11,3

New tiling layer installed in the bathroom (first floor room 17) on the new platerboard layer using cement mortar for
bathrooms.

m2

6,00

0,40

2,40

168,00

10,27

61,62

229,62

11,5

Painting of rooms where have been installed the new plasterboard layer (walls and top of all the room)

m2

876,03

0,15

131,40

9.855,34

3,15

2.759,49

12.614,83

11,6

Painting wooden frames of windows

m2

5,00

0,80

4,00

280,00

13,00

65,00

11,7

Painting repaired door

m2

4,80

0,20

0,96

67,20

13,00

62,40

11,8

(PC8) Reinstallation heating

pc

1,00

2.000,00

11,9

(PC9) Reinstallation furniture

pc

1,00

500,00

500,00

11,10

(PC10) Cleaning of the house

pc

1,00

100,00

100,00

200,00

VENTILATION

9

1,00

4

280,00

13

52,00

332,00

2.500,00

2.500,00
2.832,00

REPARATIONS

10

357,12

FINISHING WORK

11

345,00
129,60
2.000,00

21.034,35
€
SUM OF SUBTOTALS
UNEXPECTED (+10% of 56838,46)

88.612,33
97.473,56

COST
Indirect (+5% of 62522,31)

102.347,24

Risk (+5% of 65648,42)

107.464,60

Profit (+2% of 68930,84)

109.613,89

TOTAL COST (EXCLUDING VAT)

109.613,89

VAT Labour (6% of the labour costs= 17415,41)
VAT Material (21% of the material cost= 31764,65)
TOTAL COST (INCLUDING VAT)

3.456,66
6.510,28
119.580,83

342,86

57.611,01

19.052,17

603,00

11.346,14

88.612,33

88.612,33

DESCOMPOSITION OF THE MEASUREMENTS
DEMOLITION & PREVIOUS WORKS

1
1,1

Removal extra glass layer windows A,B,C,D,F,O,P,Q and R

m2

23,50

1,4

Demolition existing plasterboard layer of the facade walls including cleaning and removal of debris

m2

175,70

GROUND FLOOR
South facade

12

Side facade

70

North facade

14,5

FIRST FLOOR
South facade

1,5

13,1

Side facade

54

North facade

12,1

Demolition actual wooden partittion of the low and periphery of the windows including the 2 layers of wooden slats with a section
of 5x3cm and the existing insulation insulation layer including cleaning and removal of debris

m2

13,00

GROUND FLOOR:
Window A (3,5x0,75)

2,62

Window: B (0,5x1,42)

0,71

C (1,49x0,5)

0,74

Windows OPQR (0,5x1,05)

2,1

Window I (1,26x0,5)

0,63

FIRST FLOOR
Windows D,E,F (0,58 x 1,05)

1,82

Windows S (0,58 x 1,29)

0,75

Windows T ( 0,86x0,58)

0,50

Windows KL (1,07x0,58)

1,24

Windows N (3,5x0,35)

1,23

1,6

Demolition tiling layer of the bathroom including cleaning and removal of debris (room 17 first floor)

m2

6,00

1,7

Demolition actual wooden plinth from corridors. (Rooms 1,2 and 3)

m

54,00

1,8

Room 1

12,45

Room 2

27,46

Room 3

14,00

Temporaly removal of the existing wooden slat floor from rooms 7,8 and 9

m2

118,00

Rooom 7

60,00

Room 8

18,00

Room 9

38,00

PARTITION WORKS

2
2,1

WOODEN STRUCTURE

2,1,1

New wooden structure on the interior wall facade for the installation of the new new extra windows, Structure made with wooden
slats fixed by screws in zones where previously have been demolished the layers from the restoration in 1985

m2

13,00

2,1,2

Installation, on the interior wall facade from the rooms 12 and 16 of the wooden slat structure that have the rest fo the facades of
the building following the order of layers of the wall detail nº1 of the plane 7 in the annex 1. (one layer of vertical wooden slats on
other with horizontal slats)

m2

11,00

2,2

Room 12 (4,8m2 of wall surface to cover)

4,80

Room 16 ( 6m2 of wall surface to cover)

6,00

SAME AS 1,5

WALL INSULATION

2,2,1

New layer of insulation Alkreflex (first layer of insulation) at the interior wall facade installed with staples on the South facade from
the first floor (rooms 12 & 16)

m2

11,00

SAME AS 2,1,2

2,2,2

GROUND FLOOR New layer of insulation Alkreflex for the interior wall facades (second layer of insulation) on the last wooden
slat structure installed with staples (rooms 1,7,8,9 and 3). Including the insulation on the new wooden structure for the new
windows.

m2

100,00

SAME SURFACES AS 1,4

2,2,3

FIRST FLOOR New layer of insulation Alkreflex (second layer of insulation) at the interior wall facades installed with staples on
the last wooden slat structure (rooms 12,16,17,18,19,20 and 21) Including the insulation on the new wooden structure for the
new windows.

m2

80,00

SAME SURFACES AS 1,4

m2

36,00

FLOORING WORKS

3
3,1
3,1,1

3,1,2
3,2

NEW FLOOR CORRIDOR GROUND FLOOR
Cork floor layer as insulation from the rooms 1,2 and 3. Installed directly on the existing floor with a dovetailing system in the
corridor and along with the installation of cork plinth in the perimeter of those corridors.
Corridor 1

9,20

Corridor 2

15,00

Corridor 3

11,00

Installation of cork plinth in the perimeter of those corridors.

m

54,00

FLOOR INSULATION ROOMS 7,8,9

3,2,1

Insulation layer Alkreflex for the ground floor installed below of the actual wooden slats for the rooms 7,8 and 9

m2

118,00

SAME SURFACES AS 1,8

3,2,2

Reinstallation of the wooden floor from the rooms 7,8 and 9

m2

118,00

SAME SURFACES AS 1,8

GLASSING WORK

5
5,1

NEW WINDOWS BEHIND THE OLD ONES

5,1,1

Front facade Window A New extra window (double glassing) with an hinged opening system

m2

1,10

5,1,2

Front facade Window B New extra window (double glassing) with an hinged opening system

m2

4,01

5,1,3

Front facade Window C New extra window (double glassing) with an hinged opening system

m2

4,27

5,1,4

Front facade Window D New extra window(double glassing) with an hinged opening system

m2

2,70

5,1,5

Front facade window E New extra window (double glassing)with an hinged opening system

m2

2,70

5,1,6

Front facade Window F New extra window (double glassing) with an hinged opening system

m2

2,70

5,1,7

Right facade Window O New extra window (double glassing)with an hinged opening system

m2

2,23

5,1,8

Right facade Window P New extra window attached by screws to the new wooden structure with an hinged opening system

m2

2,23

5,1,9

Right facade Window Q New extra window (double glassing) with an hinged opening system

m2

2,23

5,1,10

Right facade Window R New extra window (double glassing) with an hinged opening system

m2

2,23

5,1,11

Right facade Window S New extra window (double glassing) with an hinged opening system

m2

1,50

5,1,12

Back facade Window J New extra window (double glassing)with an hinged opening system

m2

2,95

5,1,13

Back facade Window N New extra window (double glassing) with an hinged opening system

m2

0,83

5,1,14

Back facade Window L New extra window (double glassing) with an hinged opening system

m2

1,93

5,1,15

Back facade Window K New extra window (double glassing) with an hinged opening system

m2

1,93

m2

0,95

5,2
5,2,1

RENEW DOUBLE GLASSING
Window "T" Double glassing broken. Intallation of a new one

5,2,2

Door "H" (no historical window made in 1985) Sustitution of the existing simple glassing for a new one double

m2

2,95

HEATING SYSTEM

6
6,1

Removing actual heating unit

pc

1,00

6,2

(PC 3) Pipe work

pc

1,00

6,3

New Heating unit IDEAL 40KW (installation +heating unit)

pc

1,00

6,4

(PC4) Reparation radiators

pc

1,00

ELECTRICITY

7
7,1

(PC5) Modification of the electricity installation of the wall facades from ground and first floor

pc

1,00

pc

1,00

WATER INSTALLATION

8
8,1

(PC6) Readjustement of water installation of the Kitchen from ground floor and the Bathroom on the first floor

VENTILATION

9
9,1

New ventilation unit

pc

1,00

9,2

Fans in humid rooms EDECA 7,5 W working with electronic timer

pc

4,00

9,3

(PC7) Ventillation installation

REPARATIONS

10
10,1

Covering cracks main facade with white cement mortar , same colour of the joints from the facade mortar

m2

1,00

10,2

Front door (door A) Reparation existing door

pc

1,00

FINISHING WORK

11
11,1

New plasterboard layer on the interior facade wall (new last partition layer) made with panels of 12,5mm of thickness

m2

135,70

11,2

New plasterboard layer on the interior facade wall (new last partition layer) made with panels of 12,5mm of thickness. Moisture
resistant panels for the kitchen (humid room 9).

m2

40,00

11,3

New tiling layer installed in the bathroom (first floor room 17) on the new platerboard layer using cement mortar for bathrooms.
(3x2m)

m2

6,00

11,5

Painting of rooms where have been installed the new plasterboard layer (walls and top of all the room)

m2

876,03

GROUND FLOOR
Room 1

60

Room 7

176

Room 8

100

Room 9

113

Room 3

62,4

FIRST FLOOR
Room 12

51

Room16

108,2

Room 17(only the top, the bathroom has tiling on the walls)

8,2

Room 18

41,5

Room 19

70,62

Room 20

44,11

Room 21

41,00

11,6

Painting wooden frames of windows

m2

5,00

11,7

Painting repaired door

m2

4,80

2,4X1X2m
11,8

(PC8) Reinstallation heating

pc

1,00

11,9

(PC9) Reinstallation furniture

pc

1,00

11,10

(PC10) Cleaning of the house

pc

1,00

SAME SURFACES AS 1,4 SURFACE OF THE KITCHEN
WALLS (40m2)

Final Thesis: Thermal comfort in a historic building in Franeker
18 PRECEDENCE NETWORK & GANT DIAGRAM
All the modifications that there will be made in the building to get the goals of the project
will be performed by 2 workers during 12 weeks, following the order and the duration of the
activities of the Precedence Network and Gantt Diagram showed in the next pages, starting
the works the day 25th of June and finishing them the 5th of September.
For the activities called “PC” in the cost estimation. We have introduced an approximated
value about how long can we stay developing that activities inside the building being these
the durations of those activities:
PC1: TEMPORARY REMOVAL OF THE HEATING INSTALLATION 1 day
PC2: TEMPORARY REMOVAL OF FURNITURE AND SANITARY EQUIPMENT1 day
PC3: PIPE WORK 0.5 day
PC4: REPARATION OF THE RADIATORS 0.5 day
PC5: MODIFICATION OF THE ELECTRICITY INSTALLATION OF THE WALL FACADES FROM
GROUND AND FIRST FLOOR. 1 day
PC6: READJUSTEMENT OF WATER INSTALLATION OF THE KITCHEN FROM GROUND FLOOR
AND BATHROOM FROM FIRST FLOOR.0.5 day
PC7: VENTILATION INSTALLATION.0.5 day
PC8: REINSTALLATION OF HEATING .1 day
PC9: REINSTALLATION OF FURNITURE .1 day
PC10: CLEANING OF THE HOUSE 0.5 day
The restoration will start the 25th of June and it will be finished the 10th of September
We can see in the next pages the calculations of the time for each activity, the precedence
network and the Gantt Diagram for all the works during the restoration.
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GANTT
Code Sub-code

Description

unit

Quantity

m.u./

HOURS

unit

DAYS

FINAL
DAYS

General
Bank garantee (9 weeks)

pc

1,00

Building insurance

pc

1,00

General Costruction Costs
Formen / Project leader

week

Small equipment

pc

11,00
1,00

Tubular scaffold facade works until 6 m of high Scaffold S.L. (67€/week)

week

9,00

Services (water - electricity) PRINCIPAL (Provided by the owner)

pc

Container for derbris CEMEX 6m3 of capacity (70€/week)

week

11,00

2000

1,00

DEMOLITION & PREVIOUS WORKS

1
1,1

Removal extra glass layer windows A,B,C,D,F,O,P,Q and R

m2

23,50

1,2

(PC 1) Temporary removal of heating installation of the facade walls

pc

1,00

1,3

(PC2) Temporary removal of furniture and sanitary equipment close to the facades. And everything from the rooms
7,8 and 9 including the actual plinth of those 3 rooms.

pc

1,00

1,4

Demolition existing plasterboard layer of the facade walls including cleaning and removal of debris

m2

175,70

0,15

1,5

Demolition actual wooden partittion of the periphery of the windows including the 2 layers of wooden slats with a
section of 5x3cm and the existing insulation insulation layer including cleaning and removal of debris

m2

13,00

0,40

5,20

0,65

1,6

Demolition tiling layer of the bathroom including cleaning and removal of debris (room 17 first floor)

m2

6,00

0,20

1,20

0,15

1,7

Removal actual plinth from corridors. (Rooms 1,2 and 3)

m

54,00

0,10

5,40

0,68

1,8

Temporaly removal of the existing wooden floor from rooms 7,8 and 9

m2

118,00

0,10

2
2,1

0,16

3,76

0,47

8,00

1,00

8,00

1,00

26,36

3,29

11,80

1,48

69,72

8,71

2,1,1

Wooden structure on the interior wall facade for the installation of the new new extra windows, Structure made with
wooden slats fixed by screws

m2

13,00

0,7

9,10

1,14

2,1,2

Installation, on the interior wall facade from the rooms 12 and 16 of the wooden slat structure that have the rest fo the
facades of the building following the order of layers of the wall detail of the plane 14 in the annex 1. (one layer of
vertical wooden slats on other with horizontal slats)

m2

11,00

0,6

6,60

0,83

2,2

9,00

PARTITION WORKS
WOODEN STRUCTURE

WALL INSULATION

2,2,1

New layer of insulation Alkreflex (first layer of insulation) at the interior wall facade installed with staples on the South
facade from the first floor (rooms 12 & 16)

m2

11,00

0,07

0,72

0,09

2,2,2

GROUND FLOOR New layer of insulation Alkreflex for the interior wall facades (second layer of insulation) on the
existing wooden slat structure installed with staples (rooms 1,7,8,9 and 3). Including the insulation on the new wooden
structure for the new windows.

m2

100,00

0,07

6,50

0,81

2,2,3

FIRST FLOOR New layer of insulation Alkreflex (second layer of insulation) at the interior wall facades installed with
staples on the existing wooden slat structure (rooms 12, 16,17,18,19,20 and 21)

m2

80,00

0,07

6,50

0,81

29,42

3,68

4,00

FLOORING WORKS

3
3,1

NEW FLOOR CORRIDOR GROUND FLOOR

3,1,1

Cork floor layer as insulation from the rooms 1,2 and 3. Installed directly on the existing floor in the corridor and along

m2

36,00

0,20

7,20

0,90

3,1,2

Installation of cork plinth in the perimeter of those corridors.

m

54,00

0,15

8,10

1,01

3,2

FLOOR INSULATION ROOMS 7,8,9

3,2,1

Insulation layer Alkreflex for the ground floor installed below of the actual wooden slats for the rooms 7,8 and 9

m2

118,00

0,05

5,90

0,74

3,2,2

Installation of the old wooden floor from the rooms 7,8 and 9

m2

118,00

0,13

15,34

1,92

36,54

4,57

5,00

GLASSING WORK

5
5,2

NEW WINDOWS BEHIND THE OLD ONES

5,2,1

Front facade Window A New extra window (double glassing) with an hinged opening system

m2

1,10

0,70

0,77

0,10

5,2,2

Front facade Window B New extra window (double glassing) with an hinged opening system

m2

4,01

0,70

2,81

0,35

5,2,3

Front facade Window C New extra window (double glassing) with an hinged opening system

m2

4,27

0,70

2,99

0,37

5,2,4

Front facade Window D New extra window(double glassing) with an hinged opening system

m2

2,70

0,70

1,89

0,24

5,2,5

Front facade window E New extra window (double glassing)with an hinged opening system

m2

2,70

0,70

1,89

0,24

5,2,6

Front facade Window F New extra window (double glassing) with an hinged opening system

m2

2,70

0,70

1,89

0,24

5,2,7

Right facade Window O New extra window (double glassing)with an hinged opening system

m2

2,23

0,70

1,56

0,19

5,2,8

Right facade Window P New extra window attached by screws to the new wooden structure with an hinged opening
system

m2

2,23

0,70

1,56

0,19

5,2,9

Right facade Window Q New extra window (double glassing) with an hinged opening system

m2

2,23

0,70

1,56

0,19

5,2,10

Right facade Window R New extra window (double glassing) with an hinged opening system

m2

2,23

0,70

1,56

0,19

5,2,11

Right facade Window S New extra window (double glassing) with an hinged opening system

m2

1,50

0,70

1,05

0,13

5,2,12

Back facade Window J New extra window (double glassing)with an hinged opening system

m2

2,95

0,70

2,07

0,26

5,2,13

Back facade Window N New extra window (double glassing) with an hinged opening system

m2

0,83

0,70

0,58

0,07

5,2,14

Back facade Window L New extra window (double glassing) with an hinged opening system

m2

1,93

0,70

1,35

0,17

5,2,15

Back facade Window K New extra window (double glassing) with an hinged opening system

m2

1,93

0,70

1,35

0,17

5,3

RENEW DOUBLE GLASSING

5,3,1

Window "T" Double glassing broken. Intallation of a new one

m2

0,95

0,80

0,76

0,10

5,3,2

Door "H" (no historical window made in 1985) Sustitution of the existing simple glassing for a new one double

m2

2,95

0,80

2,36

0,30

27,99

3,50

4,00

HEATING SYSTEM

6
6,1

Removing actual heating unit

pc

1,00

6,2

(PC 3) Pipe work

pc

1,00

6,3

New Heating unit IDEAL 40KW (installation +heating unit)

pc

1,00

6,4

(PC4) Reparation radiators

pc

1,00

3,00
4,00

3,00

0,38

4,00

0,50

4,00

0,50

4,00

0,50

15,00

1,88

8,00

1,00

2,00

ELECTRICITY

7
7,1

(PC5) Modification of the electricity installation of the wall facades from ground and first floor

pc

1,00

1,00

WATER INSTALLATION

8
8,1

(PC6) Readjustement of water installation of the Kitchen from ground floor and the Bathroom on the first floor

pc

1,00

4,00

0,50
1,00

VENTILATION

9
9,1

New ventilation unit

pc

1,00

2,00

2,00

0,25

9,2

Fans in humid rooms

pc

4,00

1,00

4,00

0,50

9,3

(PC7) Ventillation installation

4,00

0,50

10,00

1,25
0,02

2,00

REPARATIONS

10
10,1

Covering cracks main facade with white cement mortar , same colour of the joints from the facade mortar

m2

1,00

0,13

0,13

10,2

Front door (door A) Reparation existing door

pc

1,00

2

2,00

0,25

2,13

0,27

1,00

FINISHING WORK

11
11,1

New plasterboard layer on the interior facade wall (new last partition layer) made with panels of 12,5mm of thickness
anchored to the wooden slat structure installed before

m2

135,70

0,3

40,71

5,09

11,2

New plasterboard layer on the interior facade wall (new last partition layer) made with panels of 12,5mm of thickness
anchored to the wooden slat structure installed before. Moisture resistant panels for the kitchen (humid room 9).

m2

40,00

0,3

12,00

1,50

11,3

New tiling layer installed in the bathroom (first floor room 17) on the new platerboard layer using cement mortar for
bathrooms.

m2

6,00

0,40

2,40

0,30

11,5

Painting of rooms where have been installed the new plasterboard layer (walls and top of all the room)

m2

876,03

0,15

131,40

16,43

11,6

Painting wooden frames of windows

m2

5,00

0,80

4,00

0,50

11,7

Painting repaired door

m2

4,80

0,20

0,96

0,12

11,8

(PC8) Reinstallation heating

pc

1,00

8,00

1,00

11,9

(PC9) Reinstallation furniture

pc

1,00

8,00

1,00

11,10

(PC10) Cleaning of the house

pc

1,00

4,00

0,50

226,81

28,35

29,00

ID

1
2

3
4
5
6
7
8

Task Name

Duration Start

DEMOLITION & PREVIOUS
WORKS
NEW PARTITION WALL (4
days) ELECTRICITY (1 day)
WATER INTALLATION (1day)
FLOORING WORKS
GLASSING WORK
HEATING SYSTEM
VENTILATION
REPARATIONS
FINISHING WORKS

9 days Wed 25‐6‐14 Mon 7‐7‐14

Project: Project1.mpp
Date: Thu 19‐6‐14

Finish

Prede
n '14
30 Jun '14
7 Jul '14
14 Jul '14
21 Jul '14
28 Jul '14
4 Aug '14
11 Aug '14
18 Aug '14
25 Aug '14
1 Sep '14
8 Sep '14
W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T

6 days Tue 8‐7‐14

Tue 15‐7‐14

1

5 days
4 days
2 days
2 days
1 day
29 days

Thu 31‐7‐14
Mon 21‐7‐14
Wed 23‐7‐14
Wed 23‐7‐14
Thu 24‐7‐14
Wed 10‐9‐14

5;7
2
4
4
6
3

Fri 25‐7‐14
Wed 16‐7‐14
Tue 22‐7‐14
Tue 22‐7‐14
Thu 24‐7‐14
Fri 1‐8‐14

Task

Summary

External Milestone

Inactive Summary

Manual Summary Rollup

Finish‐only

Split

Project Summary

Inactive Task

Manual Task

Manual Summary

Deadline

Milestone

External Tasks

Inactive Milestone

Duration‐only

Start‐only

Progress

Page 1
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19 FINAL CONCLUSION
I shall conclude the project by offering complete and detailed answers to the main question
of the project , developed across all the sections of the following report:
“Is it possible to improve the thermal conditions of the building whilst at the same time
trying to solve the energy efficiency of the building together with preserving the original
architectural values?”
Yes it is. It is possible improve the thermal conditions having in account that in order to do it,
the building needs some necessary modifications like the overall improvement of the
thermal resistance of some constructive elements and mainly the windows, that represent
the main way in which the building is currently losing heat.
However, to properly make all the above mentioned modifications, quite a big amount of
money is required, making these restoration works quite remarkable interms of costs and
relevance.
After the restoration the building would consume less energy than now, and the resident
family would over time spend less money in energy, making this restoration a smart
economical move for the family budget. Even if the initial costs are quite big, an economical
improvement is to be expected for the (future and present) inhabitants of the house.
Furthermore, the owners will be able to finally enjoy all the parts of the house without
having to close some sections of it because they are too cold in winter to live .
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DRAWINGS EXISTING BUILDING
GENERAL DRAWINGS
Plane 0: Situation
Plane 1: General drawing of the building
Plane 2: Ground floor and first floor distribution
Plane 3 Attic and roof
Plane 4: Front and back facade
Plane 5 Right facade
Plane 6: Vertical Section

DETAILS
Plane 7: Wall distribution in the building
Plane 8: Floor distribution in the building
Plane 9: Detail original window
Plane 10: Detail window with extra glass layer
Plane 11: Distribution of extra glass layer on the windows in the
building
Plane 12: Existing ventilation in the building
Plane 13 Problems in the building
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DETAILS NEW BUILDING
Plane 14: New ground floor details
Plane 15: New wall and window details
Plane16: Demolition Plan
Plane17: New drawings of the building
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ANNEX 2 THERMAL CALCULATIONS

Final Thesis: Thermal comfort in a historic building in Franeker

EXISTING BUILDING
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For the thermal calculations we will follow the indications of the european normative

EN-ISO 6946 “Components and elements for edification, thermal resistance and
thermal transmition. Calculation method”

We wil have to apply this formula to know the thermal resistance of all the layers
together of the constructive elements:

Where:
Rsi: It is the interior superficial resistance of the air that will depends of the direction
of the heat flows
Rse:It is the exterior superficial resistance of the air
R1,R2..: They are the thermal resistance of each layer (thickness (e)/conductivity rate
of each material (λ ))
Rsi and Rse will depend of the direction of the heat flow acoording with the table 1 of
the point 5.2 of that european standard.

For the thermal resistance of the windows, we will have to calcul the thermal
transmittance ( U value ) using this formula:

Where:
Rt: Total thermal resistence of the constructive element.
The calcualtion of “Rt” will be the same than in a wall for example but after that we wil
have to divide the result by 1.

Final Thesis: Thermal comfort in a historic building in Franeker
A.2.1 THERMAL RESISTANCES OF THE CONSTRUCTIVE COMPONENTS OF
THE EXISTING BUILDING
To do the calculation from the energy consumption of the building with the program
“Enorm v1.1” we have to introduce the thermal resistance of the constructive
components of the building.
To simplify the calculations of some specific constructive components that have
different values (for example the facade walls have different components depending
on the type of wall as we can see at the Plane 7 from the Annex 1) we have chosen the
most common in the building for all of them.
Moreover, we could not got the exactly information about all the thickness of the
materials. We have introduced approximated values to know an estimation about
them like is the case of the wooden slats of the floors.

ORIGINAL WINDOW ( Glassing without extra glass layer)
With the measurements that we did of the window. The thickness of the glass would
be around 5mm.
Thermal
resistance

Element:
Old window

Thickness Conductivity

Rsi y Rse
(m2.K)/W

Exterior
Old glass
Interior
TOTAL

Thermal
Thermal
Resistance transmision rate

e
(m)

λ
W/(m.K)

e/λ
m2K/W

0,005

0,81

0,006

U
W/(m2.K)

0,04
5,6762

0,13
0,005m

0,1762

WALL FACADE (SIDE FACADE)

Element:
Right Facade Wall

Exterior
Brick wall
Plaster layer
Air chamber
Insulation
Air chamber
Plasterboard
Interior
TOTAL

Thermal
resistance
Rsi y Rse
(m2.K)/W

Thickness Conductivity

Thermal
Thermal
Resistance transmision rate

e

λ

e/λ

U

(m)

W/(m.K)

m2K/W

W/m2K

0,21
0,015
0,05
0,0065
0,05
0,0125

0,658
1,047
0,26
0,005
0,26
0,81

0,3191
0,0143
0,1923
1,3000
0,1923
0,0154

0,0400

0,1300
0,43cm

2,0335

The thicknesses of all the materials of the new layers build on the stone wall in the
restoration in 1985 were apported by the architect of the restoration.

0,4918
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ATTIC (ATTIC ROOF+ ATTIC FLOOR)
Element
Attic roof + attic floor
Exterior
Roof tiles
Air chamber
Wooden layer
Air chamber (attic)
Wooden Floor
Insulation
Ceiling
Interior
TOTAL

Thermal
Thickness
resistance
Rsi y Rse
e
(m2.K)/W
(m)
0,1700
0,0200
0,0200
0,0200
0,1000
0,0200
0,0600
0,0150
0,1700
-

l
W/(m.K)

Thermal
Resistance
e/l
m2K/W

0,7600
0,2600
0,1300
0,2600
0,1300
0,0360
0,8100

0,026
0,077
0,154
0,385
0,154
1,667
0,019

Conductivity

Thermal
transmision rate
U
W/(m2.K)

0,3545

2,8207

The value from the attic is the same being that there is not any modification of that
part.

GROUND FLOOR
The first calculatio is of the ground floor finished with wooden slats, and the second
one is the ground floor finished with concrete tiles.

Element
GROUND FLOOR

Thermal
Thickness
resistance

Conductivity

Thermal
Thermal
transmision
transmision rate
rate
U
U
W/(m2.K)
W/(m2.K)

e
(m)

l
W/(m.K)

0,0020
0,0500

0,1980
0,0340

0,0101
1,4706

Concret layer

0,1000

1,4000

0,0714

Plastic
Old wooden floor
New wooden floor
Interior

0,0020
0,0100
0,0100
17,4cm

0,1980
0,1300
0,1300

0,0101
0,0769
0,0769
1,9261

Exterior
PVC lamina
Insulation STYRODUR

Rsi y Rse
(m2.K)/W
0,0400

0,1700

The materials of this detail have been extracted by the documents of the restoration
and by the owner in an interview).
Thicknesses unknown and approximate:
-

Old wooden slat floor
New wooden slat floor

0,5192
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Thickness

Conductivity

e
(m)

l
W/(m.K)

Thermal
transmision
rate
U
W/(m2.K)

0,0020
0,0500

0,1980
0,0340

0,0101
1,4706

Concret layer

0,1000

1,4000

0,0714

Plastic

0,0020

0,1980

0,0101

Cement morter
Floor concrete tiles
Interior
TOTAL

0,0400
0,0400

1,4000
1,4000

0,0286
0,0286

Element
Ground floor finished with
concrete tiles
Exterior
PVC lamina
Insulation STYRODUR

Thermal
resistance
Rsi y Rse
(m2.K)/W
0,0400

Thermal
transmision
rate
U
W/(m2.K)

0,5589

0,1300
17.4cm

1,7894

The materials of this detail have been extracted by the documents of the restoration
and by the owner in an interview).
Thicknesses unknown and approximate:
-

Cement morter
Floor concrete tiles
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NEW BUILDING
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A.2.2 THERMAL RESISTANCES OF THE CONSTRUCTIVE COMPONENTS OF
THE NEW BUILDING
NEW GLASSING IN THE EXISTING WINDOW + EXTRA WINDOW
The new window will have 3 layers:
1- Old window
2- Air chamber, empty space between the 2 windows
3- New window with double glazing (4-6-4) with an U value ( thermal
transmission) of 3.3W/m2K that is the same as 0.303 m2K/W
(All the new materials have underlined with blue color)
Total U value of all the components will be:
The total U value will be the sum of the 3 thermal resistances and the superficial
thermal resistances exterior and interior
Air chamber
According with the EN-ISO 6946 in the table 2 from the point 5.3.2. the thermal
resitances of the air chambers (empty spaces) will be:

Then, if the space between the 2 windows in the building will be of 210mm and the
thermal resistance to 100mm and 300mm is the same, the thermal resistance of that
part will be too of 0.18m2k/W.
The final thermal resistance and the U value of the window will be then:
Thermal
Thickness
Element:
resistance
Old window + New window Rsi y Rse
e
(m2.K)/W
(m)
Exterior
0,04
Old glass
0,0050
Air chamber
0,21
New window double glazing
0,014
Interior
0,13
TOTAL
0,229m

Conductivity
l
W/(m.K)
0,81

Thermal
Resistance
e/l
m2K/W
0,006
0,180
0,303
0,6192

Thermal
transmision rate
U
W/(m2.K)

1,6151
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ROOF
Element
Attic roof + attic floor
Exterior
Roof tiles
Air chamber
Wooden layer
Air chamber (attic)
Wooden Floor
Insulation
Ceiling
Interior
TOTAL

Thermal
Thickness
resistance
Rsi y Rse
e
(m2.K)/W
(m)
0,1700
0,0200
0,0200
0,0200
0,1000
0,0200
0,0600
0,0150
0,1700
-

l
W/(m.K)

Thermal
Resistance
e/l
m2K/W

0,7600
0,2600
0,1300
0,2600
0,1300
0,0360
0,8100

0,026
0,077
0,154
0,385
0,154
1,667
0,019

Conductivity

Thermal
transmision rate
U
W/(m2.K)

0,3545

2,8207

The air chamber is the space there is between the roof and the attic floor. We only have
introduced 10 cm to know that the final thermal resistance arrrives until 2.5m2K/W according
with the Dutch normative.

NEW GROUND FLOOR
We can see the distribution of the rooms that will have this kind of floor in the plane 8
of the Annex 1)

ROOMS WITH WOODEN FLOOR
Element
GROUND FLOOR
Exterior
PVC lamina
Insulation STYRODUR
Concret layer
Plastic
Insulation Alkreflex
Old wooden floor
New wooden floor
Interior

Thermal
Thickness
resistance
Rsi y Rse
(m2.K)/W
0,0400

0,1700

Conductivity

e
(m)

l
W/(m.K)

0,0020
0,0500
0,1000
0,0020
0,0650
0,0100
0,0100
17.4cm

0,1980
0,0340
1,4000
0,1980
0,0500
0,1300
0,1300

Thermal
Thermal
transmision
transmision rate
rate
U
U
W/(m2.K)
W/(m2.K)
0,0101
1,4706
0,0714
0,0101
1,3000
0,0769
0,0769
3,2261

0,3100
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ROOMS WITH TILING CONCRETE
Thickness

Conductivity

e
(m)

l
W/(m.K)

Thermal
transmision
rate
U
W/(m2.K)

0,0020
0,0500

0,1980
0,0340

0,0101
1,4706

Concret layer

0,1000

1,4000

0,0714

Plastic

0,0020

0,1980

0,0101

Cement morter
Floor concrete tiles
Cork floor
Interior
TOTAL

0,0400
0,0400
0,1100

1,4000
1,4000

0,0286
0,0286
0,1030

Element
Ground floor finished with
concrete tiles
Exterior
PVC lamina
Insulation STYRODUR

Thermal
resistance
Rsi y Rse
(m2.K)/W
0,0400

Thermal
transmision
rate
U
W/(m2.K)

0,5284

0,1300
19,0000

1,8924

NEW WALL FACADE
Element:
NEW WALL
Exterior
Stone wall
Plaster layer
Air chamber
Insulation
Air chamber
Insulation
Plasterboard
Interior
TOTAL

Thermal
resistance
Rsi y Rse
(m2.K)/W
0,0400

Thickness Conductivity

Thermal
Thermal
Resistance transmision rate

e
(m)

λ
W/(m.K)

e/λ
m2K/W

0,21
0,015
0,05
0,0065
0,05
0,0065
0,0125

0,658
1,047
0,26
0,005
0,26
0,005
0,26

0,32
0,01
0,19
1,30
0,19
1,30
0,05

0,1300
0,35cm

3,5362

U
W/m2K

0,2828
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ANNEX 3 MATERIALS SPECIFICTIONS
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NEW INSULATION TO INSTALL IN THE FACADE WALLS
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NEW GLASSING FOR THE WINDOWS “CLIMALIT”

.
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NEW HEATING UNIT TO INSTALL IN THE ATTIC

Specifications
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NEW FANS TO INSTALL IN THE HUMOD ROOMS
Manrose CF400P 100mm White Centrifugal Fan 230m3/hr 64 l/s with
Pull Cord Switch
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CORK FLOORING
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ANNEX 4 DOCUMENTS OF THE RESTORATION IN 1985
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GENERAL INFORMATION ABOUT THE COMPLETE
RESSTORATION
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INSTALLATIONS IN THE BUILDING
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