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1. Introduction
The aim of this report is to define the city regulations of Labastide-Chalosse (Landes, France (40700))
[1], where the passive house might be built, and the passive house requirements are also explained [4].
The city regulations of Labastide-Chalosse explain what is allowed in this village. Greenit&Co has
studied these regulations in order to design the house according to these regulations.
The Passiv’ Haus requirements are explained in this document because the team has to respect
these requirements to achieve that the house is classified as a passive house.
The studied house systems, including systems for power generation, heating, ventilation and
lighting, can also be found in this document.

2. City Regulation
2.1 Architectural Style
The city has a specific architectural style as the team has seen during the visit to the land. The colours
for the walls should be light, between white and orange (shown in Figure 1 and Figure 2). The height of
the building has a maximum of 7,5 meters. Next to the city regulations the team also takes the
requirements from the end client into account during the designing of the house. The end client added
the requirement of having only one floor: the ground floor.
It is forbidden to use wood in the house design, because it is not allowed by the city regulation.
Consequently other materials must be considered to make the design.

Figure 1 Architectural style in the village
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Figure 2 Architectural style in the village

2.2 Roof
The roof covering must be tile, which in French is called “tuile
provençale” (shown in Figure 3).
The slope of the roof has to be 30° and due to this slope the solar
panels will have a higher efficiency.
Figure 3 Detail for the
"tuile provençale" [2]

2.3 Windows
There is a city regulation regarding the windows, it states that the height of the window should be
bigger than the width.

2.4 House Situation
According to the city regulations it is not allowed to have the beginning of the house between 0 to 3
metres from the road. It is only allowed to build the beginning of the house in line with the road and
otherwise 3 metres or further away from the road.
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3. Passiv’ Haus Requirements
3.1 Introduction
For this project the Passiv’ Haus concept is the main subject concerning the design of the house. The
three most important points within the Passiv’ Haus concept is that a passive house should be energy
efficient, comfortable and affordable.
In 1991, Dr. Feist was the first person to build a passive house. In late 2008 there were
approximately 15.000 to 20.000 passive houses around the world and in August 2010 there were
approximately 25.000 passive houses around the world. The amount of passive houses has been fast
increasing the past couple of years and the concept has become more popular over the years. This is due
to the increasing interest in energy efficiency and environmentally friendly products and services.
To build a house according to the Passiv’ Haus concept, also shown in Figure 4, the following is
needed:
1. Proper insulation
2. No air leakages
3. No thermal bridges
To achieve the above three points the following can be done:
1. Proper windows
2. Proper orientation and shading
3. HRV (Heat Recovery Ventilation)

Figure 4 Passiv' Haus concept [3]
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3.2 Requirements
There are four main requirements which have to be considered:
1.
2.
3.
4.

Heating and cooling
Primary Energy Demand
Airtightness
Thermal comfort

Following now is a short description on every requirement. A passive house must meet all of these to
receive the certificate of: “Passiv’ Haus.”
3.2.1 Heating and cooling
There are limitations on heating up the house and there are different ways to heat up a house. For a
house to consider itself a passive house the Space Heating Energy Demand cannot exceed 15
kWh/m2/year.
There is also a limitation on the amount of electricity that can be supplied to the cooling system, like
the heating the Space Cooling Energy Demand may not exceed 15 kWh/m2/year. This includes a
dehumidification system as well. A dehumidification system is needed because cold air is a bit more wet
than warmer air. This can result in mold forming inside the house.
It is allowed to use wood as a heating method, if the total livable surface of the house is less than
100 m .
2

3.2.2 Primary Energy Demand
The Primary Energy Demand or PER is the energy used by all the domestic applications (heating, hot
water and domestic electricity) this demand cannot exceed 60 kWh/m2/year.
3.2.3 Airtightness
To retain thermal comfort it is important to have a high level of airtightness. If there are air leakages
inside the house the heating or cooling systems need to work overtime to retain the comfortable
temperature. To achieve passive house standards there is only allowed to be 0,6 air changes per hour at
50 Pascals.
3.2.4 Thermal comfort
Thermal comfort concerns the range of the temperature in a house. It’s important to have thermal
comfort, this to make living in the house more pleasurable. The temperature may not exceed 25°C for
10% of the hours in a full year. [4]
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3.3 Method of verification
These main requirements need to be verified by a Passive House Certifier. Certifiers can only be
trained and certified by the Passive House Institute.
“For certification, the building plans, regional climate data set for the building’s location, and
performance values of the components used (windows, ventilation, etc ) must be entered into the PHPP.
The certifier then checks this completed PHPP for correctness. If data is missing or cannot be supported
with evidence, the certifier is obligated to request this information. With the PHPP, the certifier can see
if the building, as planned and with the values provided, is a certifiable Passive House. If not, the certifier
may offer suggestions for how to improve the design while still in the planning phase, which is a great
advantage – both heightening quality assurance and helping to avoid costly errors. The only aspect of
certification that must actually be done on-site is the airtightness test, but this must be carried out by an
independent third party (not the certifier).”
(International Passive House Association (n.d.), Passive House Certification. Retrieved from
https://passivehouse-international.org/index.php?page_id=290#Certification).
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4. Conclusions city regulations and Passiv’ Haus requirements
The study report makes clear what Greenit&Co has to take into account during the designing phase
of the house and what systems the team recommends to use. The study report consists of the city
regulations, the Passiv’ Haus requirements and the house system choice.
The city regulations cover the architectural part of the house. In the city regulations the style of the
house is described concerning what kind of house is allowed to be built on the client’s land in LabastideChalosse. The city regulations were created by the village department.
The Passiv’ Haus requirements cover the energy consumption part and how to achieve the right
consumption level with energy sufficient mediums. The Passiv’ Haus requirements were created by the
Passive House Institute. This institute can also give a house the “Passiv’ Haus” certificate if the house
meets the Passiv’ Haus requirement points.
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5. Introduction
The aim of this report is to describe the chosen house systems for the Passiv’ Haus that has been
designed for the client. These systems include power generation, heating, ventilation and lighting.
Greenit&Co has studied these systems to make the best choice possible for the Passiv’ Haus within
the given budget.

6. Usage
The first step was to calculate the estimated needed power for the house. With these values the rest
of the systems could be chosen. The needed usage is as follows:
“Annual consumption of electrical appliances in the kitchen
Type of appliance

Capacity

Length of use

Consumption/
year

Combi fridge-freezer A+

150 to 200 W

365 days-continuously

201 kWh

Dishwasher

1200 W

48 weeks - 5x per week

288 kWh

Coffee machine

500 to 1000 W

335 days - 10 mins./day

42 kWh

Cooker hood

70 to 150 W

335 days - 40 mins./day

25 kWh

Microwave oven

1000 to 1500 W

48 weeks - 1,5 h/week

90 kWh

Conventional electric oven

2000 to 2500 W

48 weeks - 1,5 h/week

162 kWh

Total (Capacity average 5735 W
for each one)

808 kWh

Table 1 Annual consumption of electrical appliances in the kitchen

Annual consumption of electrical appliances in the living room
Type of appliance

Capacity

Length of use

Consumption/
year

LCD TV (On)

90 to 250 W

335 days - 4 hours per day

241 kWh

LCD TV (In sleep mode)

3W

365 days - continuously

22 kWh

Low-energy light bulbs

12 W

335 days - 5 hours per day

20 kWh

365 days - continuously

277 kWh + 112
kWh = 389
kWh

TVD/ADSEL decoder
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Total (Capacity average 185 W
for each one)

672 kWh

Table 2 Annual consumption of electrical appliances in the living room

Annual consumption of electrical appliances in the laundry room
Type of appliance

Capacity

Length of use

Consumption/
year

Tumble dryer C

2500 to 3000 W

32 weeks - 2x per week

192 kWh

Washing machine A+++

2500 to 3000 W

48 weeks - 4x per week (0,9 173 kWh
kWh/cycle)

Iron

750 to 1100 W

48 weeks - 5 hours per week

260 kWh

Vacuum cleaner

650 to 800 W

48 weeks - 2 hours per week

70 kWh

Total (Capacity average 7150 W
for each one)

695 kWh

Table 3 Annual consumption of electrical appliances in the laundry room

Annual consumption of electrical appliances at the office
Type of appliance

Capacity

Length of use

Consumption/
year

Computer with flat screen 70 to 80 W
(on)

240 days - 4 hours per day

72 kWh

Computer with flat screen 3 W
(In sleep mode)

365 days - continuously

25 kWh

Low-energy light bulbs

15 to 25 W

365 days - 5 hours per day

34 kWh

Mobile phone charger

5W

365 days - 1 hour per day

1,85 kWh

Total (Capacity average 103 W
for each one)

132,85 kWh

Table 4 Annual consumption of electrical appliances at the office

Annual consumption of electrical appliances in the bedroom
Type of appliance

Capacity

Computer with cathode 100 to 120 W 110

Length of use

Consumption/
year

240 days - 4 hours per day

106 kWh
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monitor (on)
Computer with cathode 40 to 60 W 50
monitor (In sleep mode)

365 days - continuously

400 kWh

Radio alarm

365 days - continuously

20 kWh

3 to 6 W 4,5

Total (Capacity average 164,5 W
for each one)

526 kWh

Table 5 Annual consumption of electrical appliances in the bedroom

Annual consumption of electrical appliances in the bathroom
Type of appliance

Capacity

Length of use

Consumption/
year

Electrical shaver

8 to 12 W

335 days - 5 mins./day

0,3 kWh

Hairdryer

300 to 600 W

48 weeks - 30 mins./day

11kWh

Total (Capacity average 1960 W
for each one)

191,3 kWh

Table 6 Annual consumption of electrical appliances in the bathroom

“ Energuide.be, How much energy do my household appliances use?, retrieved from
https://www.energuide.be/en/questions-answers/how-much-energy-do-my-household-appliancesuse/71/
The heating of the house and domestic hot water production will need 4,4 kW. The VHR will need 80
W. Both capacities can be found in Chapter 4 Heating and ventilation.
The total capacity has been calculated by adding up the different capacities of the different electrical
systems in the house that will need power. When there was a range given, the average has been taken
for those values. The total capacity 13.797,5 W (13,8 kW), but with the heating system included this
comes to a total of 14.747,5 W (14,7 kW).
Once the total capacity is calculated, a coefficient of 0,3 is applied to this number since not all the
appliances are working at the same time:
14.747,5 𝑊 ∗ 0,3 = 4.424,25 𝑊
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The power that can be used from the grid (15 kWh/m2/year) must be subtracted from 5363,25 W
because the calculation in order to obtain the number of solar panels did not take into account the
power used from the grid:
15 𝑘𝑊ℎ/𝑚2/𝑦𝑒𝑎𝑟 ∗ 115 𝑚2 = 1.725 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟
Now we transform this consumption into a capacity to subtract it from the total capacity:
1.725 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟
= 196,9 𝑊
8.760 ℎ/𝑦𝑒𝑎𝑟
4.424,25 𝑊 − 196,9 𝑊 = 4.227,4 𝑊
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7. Power generation
There are multiple green power generation options. Think of power generation by water, wind or
sun, where sun is the most common used for residential purposes. Since power generation by water or
wind is not possible for this project, photovoltaic solar panels have been chosen for this task. This due to
the fact that the client’s land has a high amount of sun irradiation.

7.1 Working principle PV solar panels
The working principle of photovoltaic (PV) solar panels is as follows:
These panels are made up of many solar cells, which are made of silicon, like semiconductors. The
solar cells are constructed with both a positive and negative layer, that together create an electric field.
The moment photons hit a solar cell, the photons will knock the electrons loose from their atoms. An
electric circuit is formed if the conductors are attached to both the positive and negative sides of a cell.
Energy is generated when electrons flow through that kind of circuit. Multiple cells, as mentioned
before, make up a solar panel and multiple panels, also known as modules, can be wired together to
form a solar array. The more panels, the more energy will be generated.

Figure 5 PV solar panels working principle [1]

Photovoltaic solar panels generate DC electricity (Direct Current), as is shown in Figure 5. In the
circuit, the electrons flow around in one direction. With AC electricity (Alternating Current) electrons
reverse direction and are pushed and pulled. Because the photovoltaic solar panels generate DC
electricity and AC electricity is used in the house, an inverter is needed to transform the electricity from
DC to AC. In case the Powerwall of Tesla is used a separate inverter is not needed, since this is already in
the Powerwall. [1]
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An important aspect of solar panels is to minimize the shading on the panels. Solar panels will have
the best output when the whole surface is exposed to sunlight, but even in shading the solar panels are
still able to produce energy, it is in that case only less. [2]
Because of the fact that the client’s land does not have any shading on the south side, the solar
panels will be able to generate an optimal output.

7.2 Different PV solar panel types
To make it possible to make a good decision regarding what type of PV solar panel would be the best
for the Passiv’ Haus, there has been looked at different PV solar panel types, of which there are currently
three main ones:
1. Monocrystalline panels
2. Polycrystalline panels
3. Thin Film panels
Monocrystalline has the oldest and most developed technology of the three PV solar panels
mentioned above. It also has the highest energy efficiency compared with the other two. Thin Film is
considered as the “worst” PV solar panel, this due to the fact that they have the lowest efficiency. The
energy output is low and more space is needed to get the same amount of energy generated by the
other two PV panels and to satisfy your energy needs. With this information the Thin Film will not be
further looked into.

Figure 6 Monocrystalline panel [3]

Figure 7 Polycrystalline panel [3]

The difference between monocrystalline panel, shown in Figure 6, and polycrystalline panels, shown
in Figure 7, are the way they are processed. Mostly the same materials are used, but where the silicon
for the monocrystalline panels are formed into bars and cut into wafers, fragments of silicon are melted
together to form the wafers for the polycrystalline panels.
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Table 7 Difference mono and poly [4]

Because of the fact that the cell of the monocrystalline panels are composed of a single crystal, the
electrons (that produce the electricity flow) have more room to move. This is the reason why these
panels are more efficient in comparison with polycrystalline panels. In the polycrystalline panels there
are many crystals in each cell, which means there is less freedom for the electrons to move around.
To make a choice between monocrystalline solar panels and polycrystalline solar panels, the
advantages and disadvantages of both will be discussed in Table 8.
Monocrystalline
Advantages
Have the highest
efficiency rate (1520%), this due to the
fact that they are made
out of the highest-grade
silicon
Are space efficient*

Polycrystalline
Advantages
Process to make
polycrystalline silicon
costs less and is simpler

Monocrystalline
Disadvantages
Are the most expensive
option of the two

Polycrystalline
Disadvantages
Efficiency is typically 1416%

Are more efficient in
warm weather

Need more space to
have the same output
as the monocrystalline
panels
Have lower heat
tolerance, which means
that the performance is
worse in high
temperatures than the
monocrystalline solar
panels

Have a long lifetime,
can last up to 25 years
or perhaps even longer
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Degradation of output
is less severe for
monocrystalline in
comparison with
polycrystalline panels.
Table 8 Mono- Polycrystalline panel comparison [3][5]
*However monocrystalline solar panels generate more energy when used in an array.

According to Table 8 and the research that has been done, the monocrystalline panels are the better
option. They are more energy efficient, are more space efficient, have a long lifetime and are better
resistant against heat and degradation. The only downside is that they are also the most expensive
according to the articles.
But more polycrystalline panels would be needed to have the same power generation as the
monocrystalline, which means the total cost might not be very different between the mono- and
polycrystalline. This will be further looked into in Chapter 7.3 PV solar panel comparison.

18

STUDY REPORT
7.3 PV solar panel comparison
In this chapter two comparison tables are discussed, showing the comparison between
monocrystalline solar panels and their prices and the comparison between polycrystalline solar panels
and their prices.
In Table 9 a comparison of different monocrystalline solar panels is shown.
Solar panel BISOL BISOL
Solar LG Solar
BMO-300 [6]
panel BMO-350 NeON®2
XL [7]
Black [8]

Voltage (Voc)
Current (Ioc)
LengthxHeightxDept
h
Max. efficiency
Power
Cells
Tolerance
Frame colour
Background colour
Panel brand
Efficiency
Product warranty
Place
of
manufacture
Price

39,9V
9,8A
1649x991x40mm
18,35%
300W
Monocrystalline
-3%/+3%
Black
White
BISOL
17-19%
10 years
Europe
Discounted: €189
Normal: €219

panel LG Solar panel
320W NeON ®2 330W
[9]

47,2V
9,65A
1966x991x40m
m
17,96%
350W
Monocrystalline
0/5W
Black
White
BISOL
17-19%
10 years
Europe

40,8V
10,19A
1686x1016x40mm

40,9V
9,8A
1686x1016x40mm

18,6%
320W
Monocrystalline
0/3%
Black
Black
LG SOLAR
17-19%
12 years
Asia

19,2%
330W
Monocrystalline
0/3%
Black
White
LG SOLAR
19-21%
12 years
Asia

€279

€279

€295

Table 9 Monocrystalline solar panel comparison
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In Table 10 a comparison of different polycrystalline solar panels is shown.
I’M CONNECTED BENQ AUO Solar ViaSolis
PRIME Solar panel BISOL
Solar panel 260p panel 265W [11] Solar
panel BSU-270SW Solrif
[10]
60P250 [12]
[13]

Voltage (Voc)
Current (Ioc)
LengthxHeightxDept
h
Max. efficiency
Power
Cells
Tolerance
Frame colour
Background colour
Panel brand
Efficiency
Product warranty
Place of manufacture
Price

38,60V
8,64A
1640x992x40mm

37,7V
8,83A
1639x983x40mm

37,9V
8,60A
1682x1000x41mm

16,05%
260W
Polycrystalline
0/3%
Grey aluminium
White
I’M.SOLAR
15-17%
12 years
Europe
€199

16,4%
265W
Polycrystalline
0/3%
Grey aluminium
White
BENQ
15-17%
10 years
Europe
€190

14,86%
250W
Polycrystalline
0/3%
Black
Transparent
SOLITEK
13-15%
30 years
Europe
€229

38,4V
8,75A
1692x1016x29m
m
15%
270W
Polycrystalline
0/5W
Solrif alu
White
BISOL
10 years
Europe
€229

Table 10 Polycrystalline solar panel comparison

As is shown in the two tables, the polycrystalline solar panels can be a cheaper option, but since they
generate less power than the monocrystalline, there will be more needed to generate an equal amount
of energy. Since the quantity would have to be higher, the cost price will also be higher.
The efficiency of the monocrystalline is higher and as is mentioned in the previous chapter, they will
therefore need less space. Because of the aforementioned two points the monocrystalline has been
chosen as the solar panel type for this project.

20

STUDY REPORT
Comparison
The team has compared the final pricing and quantity of two monocrystalline panels from Table 9.
The Solar panel BISOL BMO-300 and the BISOL Solar panel BMO-350. These two solar panels have been
chosen from the four, since they are the cheapest option out of the four and they are both
manufactured in Europe while the other two are manufactured in Asia, which means a higher shipment
cost.
Solar panel BISOL BMO-300:
The surface of the panel is:
1,649𝑚 ∗ 0,991𝑚 = 1,63 𝑚2
First the W/m2 are calculated according to Table 9:
300 𝑊
= 184,05 𝑊/𝑚2
1,63 𝑚2
The total surface that will be needed for the needed power to be generated by the solar panels,
calculated in Chapter 6 Usage, is calculated as follows:
4.227,4 𝑊
= 23,0 𝑚2
184,05 𝑊/𝑚2
With this value the needed amount of solar panels can be calculated:
23,0 𝑚2
= 14,1 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙𝑠
1,63 𝑚2
This means that 15 solar panels are needed to generate the needed power for the house. This means
the total price for the solar panels is:
15 ∗ 219 = €3.285
BISOL Solar panel BMO-350 XL:
The surface of the panel is:
1,966𝑚 ∗ 0,991𝑚 = 1,95 𝑚2
The same calculation process as is shown above is used to calculate the quantity and pricing for this solar
panel.
350 𝑊
= 179,49 𝑊/𝑚2
1,95 𝑚2
4.227,4 𝑊
= 23,6 𝑚2
179,49 𝑊/𝑚2
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23,6 𝑚2
= 12,1 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙𝑠
1,95 𝑚2
Which means that 13 solar panels will be needed in case this one is chosen. Which means the price
will be:
13 ∗ 279 = €3.627
With the above calculations it has become clear that the cheapest option would be the Solar panel
BISOL BMO-300. This is why this PV solar panel has been chosen for this project, since the cheapest
option would be the best option according to the available budget.
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8. Heating and ventilation
The team has evaluated two different options for the heating and ventilation of the house. The first
option was a compact system, which is a combined system only using fresh air. The other option was to
have two separate systems instead of everything in the same system.
In this chapter both options are discussed as well as a calculation to calculate how much energy is
needed to heat the fresh air entering the house.

8.1 Calculation
According to the DIN 1946, the minimum air rate per person is 30 m3/h, the heat capacity of this air
is 0.33 Wh/mK and the maximum temperature, that the air coming in the house, can be is at 30K. With
these parameters the maximum heat capacity needed can be calculated as follows:
30 (

𝑚3
𝑊∗ℎ
𝑊
) ∗ 30 𝐾 = 300 (
)
) ∗ 0.33 ( 3
ℎ ∗ 𝑝𝑒𝑟𝑠𝑜𝑛
𝑚 ∗𝐾
𝑝𝑒𝑟𝑠𝑜𝑛

[14]

8.2 Compact system
In this chapter four ideas are described as well as a compact system model. These ideas are
recommended by the Passive House Institute in order to have a good indoor air quality, a comfortable
temperature and at the same time a good use of the space.

8.2.1 Ideas
The following ideas regard the different ways to set the compact system:[15]
1.
2.
3.
4.

Use the fresh air required for indoor air quality also for heating the building
Heating with the remnant energy of the exhaust air: Compact unit with heat pump
Heating using biomass: The pellet compact unit
Heating with condensing units: A compact unit using natural gas

Idea 1: Use the fresh air required for indoor air quality also for heating the building
To make the house energy efficient, ventilation heat recovery is really needed. This to use the hot
exhaust air to warm up the fresh air from outside that the ventilation system then heats up for inside the
house. If a heater for the supply air and domestic hot water boiler is added, a compact unit is obtained.
For heat generation, many solutions can be chosen:




Use of a small heat pump (Compact unit with heat pump, see figure at left hand side)
Use of a small condensing burner (natural gas compact unit)
Use of a small combustion unit for biomass fuel (e.g. straw-pellets).
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Idea 2: Heating with the remnant energy of the exhaust air: Compact unit with heat pump
The heat in the exhaust air after the heat exchanger doesn’t yield very much heat because the
enthalpy is delivered by the humidity in the air which condensates. The heat requirement is very low, so
it can be realised almost completely by the remnant exhaust air enthalpy.

Figure 8 Compact unit with heat pump

There is only a small heat pump needed to provide enough energy to have a comfortable
temperature inside and all the hot water that is needed.

Idea 3: Heating using biomass: The pellet compact unit
By using biomass as a heat generation a high efficiency is reached but there is also one problem of
using biomass; the handling of the fuel.
There are many advantages of using this system:





The biomass oven ("fireplace") will run fully automatically as one is used to with modern heating
systems.
The place needed to store the fuel is quite small.
The combustion air required for the oven could be supplied by the ventilation system, too.
And the fuel gas could be discharged via the exhaust duct of the ventilation, too - no additional
chimney or fuel pipe would be needed.

All these advantages are available if and only if the peak load demand is very low.
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Idea 4: Heating with condensing units: A compact unit using natural gas
The main advantage of using a gas stove is that a clean heat generator is used with natural gas. The
rest of the advantages are as follows:





Low combustion air volume is required. The ventilation system can easily supply this combustion
air.
In the condensing combustion unit there will be condensation that has to be disposed to the
sink. But in a ventilation system with a heat recovery there already is a sewer pipe for the
condensation that may occur at the heat exchanger.
The fuel gas from the condensing combustion will need a fuel pipe. Again, this is already
available with the exhaust duct of the ventilation system: A precondition to use that is, however,
that the peak load is very small and there is only a small amount of fuel gas - and, of course,
there has to be a concept for security against back drafts.
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Summary
Heat pump [16]










Up to 50% reduction in CO2 emissions
For every 1kW of electricity fed into the heat pump we could get 3kW of heating energy.
Easy to install - self-contained unit only requiring water and electric connections
No gas supply, fuels or ventilation required
No need for groundwork or external pumps
3 phase option available (14kW)
Low maintenance
Designed for domestic use
Low noise - market leading 45dBA at 1 𝑚2

Biomass



Neutral source of heat because the CO2 realized in this process is equal to CO2 absorbed during
the tree’s growth.
Client has to buy the biomass once per week.

Natural gas


This is the less respectful option regarding to the environment

Because all of the aforementioned reasons the team would choose the heat pump as a heating
generation. A compact system model is explained in the following chapter.

8.2.2 Compact system model: GE Premium 1 RH(8270)
This chapter describes the main features of this model according to the datasheet that Genvex
Company has available on their website.

Description
As is explained in Idea 2 of the compact systems, this appliance consists of a heat exchanger, a heat
pump that is able to warm up and cool down the air, supply and extract air fans.
Energy from the extract air is transferred to the fresh air by a heat exchanger and then further heat
is provided to the air by the heat pump.

Product specification






Width - 1,373mm
Height - 601mm
Depth - 492mm
Weight - 105kg
Duct Spigot Size - 160mm
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Duct Spigot Position - right hand side

The living space area is calculated as follows according to the data sheet:
𝑚3
𝑀𝑎𝑥 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ( )
ℎ
𝑙𝑖𝑣𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 =
𝑅𝑜𝑜𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚) ∗ 𝐴𝑖𝑟 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒
According to the dimensions of our house we have obtained the following air flow by fixing the
dimension of the house:
𝑚3
172 ( )
ℎ
115 =
3 𝑚 ∗ 0,5/ℎ
The air flow provided by this model will be 172

m3
,
h

then looking into the table we define how the

system works:

Figure 9 Airflow compact system

Working with 50 Pa the system provides 172

m3
h

of fresh and good temperature air, working at 50%.

The price of this combined system is €9.140,74 [17]
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8.3 Ventilation Heat Recovery and heat pump
The option of having two separate systems instead of everything in one system is described in this
chapter. This option has been considered since the team also has to take the available budget into
account when looking at systems.
The system that was previously studied is more suitable for bigger houses with at least 260 m2,
therefore the system is oversized for the house of this project.
The following option consists of a Ventilation Heat Recovery (VHR) system to provide good indoor air
quality and to also keep a comfortable temperature. A heat pump is also needed because the VHR does
not provide enough heat itself for the house.

8.3.1 VHR
GES Energy 1 (Horizontal) (Z010339)
This system is suitable for houses where high temperature efficiency and low energy consumption
are required in our project.

Dimensions
The dimensions of this VHR are shown in the following picture in mm:

Figure 10 Dimensions VHR
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Capacity
With the help of analysing the graphs that have been provided by the company in the datasheet, the
team has been able to define how the ventilation heat recovery will work.
The blue line shows the consumption of energy for both fans and controller according to Passiv’ Haus
regulations (0,45 W/m³/h = 1.620 J/m3).
The living space area is calculated as follows according to the data sheet:
𝑚3
𝑀𝑎𝑥 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ( )
ℎ
𝐿𝑖𝑣𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 =
𝑅𝑜𝑜𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚) ∗ 𝐴𝑖𝑟 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒
𝑀𝑎𝑥 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (

𝑚3
) = 𝑙𝑖𝑣𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 (𝑚2 ) ∗ 𝑅𝑜𝑜𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚) ∗ 𝐴𝑖𝑟 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒
ℎ

Fixing the dimensions of our house and air change defined by the datasheet we have obtained the
following air flow:
𝑀𝑎𝑥 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (

𝑚3
0,5
𝑚3
= 172 ( )
) = 115 (𝑚2 ) ∗ 3 (𝑚) ∗
ℎ
ℎ
ℎ

Figure 11 Airflow VHR

The VHR will work at 85% providing 172 m3/h of fresh air (as a maximum capacity) inside the house
which meets the requirement of having more than 30 m3/h.
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Figure 12 VHR power consumption

Once the parameters of the airflow (172 m3/h) and the performance (85%) are set, the power
consumption is calculated as is shown in the graph above. The power consumption is 80 W.

Figure 13 VHR heat recovery rate

Thanks to the VHR at the maximum capacity of 172 m3/h the heat recovery rate is 90%.
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The price of this VHR is €2.652,13. [18]

8.3.2 Heat pump
ALTHERMA MURAL 4 TO 8 KW
The air-water heat pump chosen by the team in order to warm up the water that will be in charge to
heat the floor and to provide domestic hot water consists of four main elements: outdoor heat
exchanger, indoor heat exchanger, compressor and expansion device. In this case the refrigerant used is
the R-410A, this refrigerant is capable of evaporating itself when it is outdoors then the vapor is
compressed by the compressor to raise the temperature and give this energy to the water due to the
indoor heat exchanger, once the heat is transferred into the water to warm the house up, the refrigerant
exists in a high pressure liquid, so finally thanks to the expansion device the temperature and the
pressure of the refrigerant is lower and the process starts again. An example of how the air-water heat
pump works is shown in Figure 14.

Figure 14 Air-water heat pump
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Specifications
COP
Maximum outdoor temperature
Range of powers that can be chosen
Weight
Alimentation
Current
Water temperature
Thermal power at 7oC (outdoor)
Weight
Refrigerant used
Current at 50Hz

5,04
-25oC
4/6/8kW
INDOOR UNIT
46 kg
230V, 50Hz
13A
15/55
OUTDOOR UNIT
6kW
56kg
R-410A
16A
Table 11 Specifications heat pump

The option of 4,4 kW has been chosen because it has the lowest consumption available on the
market and in this way the heat pump provides 38,26 kW/m2. This is more than what the passive house
standards require, but this consumption can be afforded due to the power provided by the photovoltaic
solar panels, located on the roof, so the energy to heat the house is renewable.
The price of the heat pump is €2.959,74. [19]

8.4 Conclusion
At this point of the project the team thinks that the best option to have a proper indoor air quality
and comfortable temperature inside the house would be the compact system. However these kind of
systems are specified to work in houses that have a living area of 260 m 2. This means that it would be
oversized for the house that has been designed for this project.
The option that the team has chosen for heating and ventilation is the VHR and heat pump,
separately, because this is not oversized and it’s also the best economical option (with this option the
team saves €3.528,97 in comparison with the compact system).
The VHR produces 172 m3/h of fresh air, having a heat recovery rate of 90% which provides a good
indoor air quality to the house and also helps to reach a high thermal comfort level.
To complete the heating system the team has decided to have an air-water heat pump heating the
house by warming up the water and making it pass through tubes in the floor, the domestic hot water is
provided by this heat pump as well.
The total price of the heating and ventilation system will be €5.611,77.
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9. Lighting
For lighting there are different options. Back in the day incandescent lighting, shown in Figure 15,
was most often used in homes, but this is not an energy efficient option due to the fact that they lose a
lot of energy through warmth instead of the actual lighting. Throughout the years the market has
developed and have brought energy efficient options for lighting. These energy efficient options are CFL
bulbs (Compact Fluorescent Lamps) and LED bulbs (Light Emitting Diode). These two kinds will be further
looked into in this chapter. [20]

Figure 15 Incandescent lightbulb
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9.1 Compact Fluorescent Lamps
If this name does not sound familiar, TL lights might. CFL bulbs, shown in Figure 16, are actually
compact TL lights.

Figure 16 CFL bulb

The process for CFL bulbs to be completely lit up can take 30 seconds to 3 minutes. This is why it can
seem to take the CFL bulbs a while for them to be completely lit.
CFL bulbs use 25-35% less energy and lasts 10 times longer than incandescent lights, and typically
CFLs have recovered their cost price within nine months, on which point they start to save money each
month.
These lights are available in a range of light colours, including white to yellow tones. [21]
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9.2 Light Emitting Diode
CFLs are a good energy efficient option, but LEDs are even better, shown in Figure 17.

Figure 17 LED bulb

LEDs, especially those that have been rated by ENERGY STAR, use 75% less energy and last
approximately 25 times longer than incandescent lighting. They produce far less heat in comparison with
the traditional incandescent lighting, which means the efficiency of LEDs are very good. It is also possible
to switch them on and off often, since they will light up immediately, while for example CFLs need a
certain amount of time to be completely lit and can therefore not be switched on and off as often. [22]
The lighting will have a cost of around €168,-. The prices for LED bulbs vary between €8,- and €20,-, a
price of €14,- has been taken to make the cost calculations. The team took into account that a minimum
of 12 lights would be needed to have enough light in the house.

9.3 Conclusion
It has become clear that the LED bulb is the better option concerning the lighting of the house. LED
bulbs have a high efficiency, especially when compared to other types of lighting, lasts a long time and
can be often switched on and off without having to wait for it to be completely lit.
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10. Conclusions systems
The different possibilities for the power generation, heating, ventilation and lighting systems have
been presented and discussed in the previous chapters, followed by a choice for the different house
systems. In this conclusion the final choices are presented.
For the PV solar panels the Solar panel BISOL BMO-300 has been chosen, this due to the fact that it’s
efficient and has the lowest cost compared to the other options. It is also manufactured in Europe, which
means lower shipment expenses when compared to other options that are manufactured in Asia. For
this PV solar panel option the needed quantity is 15. Normally a passive house has between 15 to 25
solar panels on the roof. The price of this PV solar panel option is also the cheapest, compared to the
other BISOL option.
The heating system will heat the house as well as the hot domestic water due to the air-water heat
pump chosen by the team. This heat pump is the ALTHERMA MURAL 4 TO 8 KW heat pump and it will
have a consumption of 0,87 kW and will provide 4,4 kW to the house.
The ventilation system consists of a ventilation heat recovery that will allow the house to have a good
indoor air quality and will also use the heat in the exhaust air to transfer it to the fresh air going into the
house. The chosen ventilation system is GES Energy 1 (Horizontal) (Z010339). The consumption of this
ventilation is 80 W and works with the maximum air flow of 172 m3/h the heat recovery rate will be 90%.
For the lighting there has been chosen for LED bulbs, since these are the most efficient, have a long
durability and can be switched on and off more often and faster compared to the other option; CFL.
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Appendix A: The urbanism certificate
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Appendix B: The architectural constraints
ASPECT
Height of the house
Building colours
Number of floors
Materials
Roof
Windows
House situation

CONSTRAINT
Maximum of 7,5 m
Light colours, between white and orange
Only the ground floor due to a client’s constraint
It is forbidden to use wood in the house design
Must be tile (tuile provençale)
The slope has to be 30°
The height should be bigger
It is not allowed to have the beginning of the house between 0 and
3 metres from the road
Table 12 The architectural constraints
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Appendix C: The Passive House Requirements
ASPECT
The Space Heating Energy Demand
The Cooling System Demand
The Primary Energy Demand or PER
Airtightness
Thermal comfort
Heat Transfer Coefficient
Passive House Windows
Ventilation heat recovery

REQUIREMENT
Cannot exceed 15 kWh/m2/year
Cannot exceed 15 kWh/m2/year
Cannot exceed 60 kWh/m2/year
0,6 air changes per hour
The temperature may not exceed 25°C for 10% of
the hours in a full year
U< 0.15 W/m2·k
U< 0.80 W/m2·k
At least 75% of the heat from the exhaust air is
transferred to the fresh air by means of a heat
exchanger

Table 13 The Passive House Requirements
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1. Introduction
The project considers the designing of a single-family house according to the Passiv’ Haus concept,
with a living space of 115 m2 and one ground floor. The house will be built on the end client’s land in
Labastide-Chalosse (Landes, France (40700)).
This report is one of the most important parts of the project in order to achieve the objectives set by
the team, in the following chapters the land visit is explained and the steps to design the house are
explained in detail. The house design is a difficult part of the project since the team needs to take several
constraints into account: technical requirements (shown in 3.1.1.1 House Dimensions), city regulations,
passive house requirements and thermal regulations.
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2. Land visit report
The aim of this chapter is to explain all the information about the land on which the house will be
build. The house is situated in Labastide-Chalosse (Landes, France (40700)). The team has visited the land
in order to see the situation of the public networks, the environmental parameters, the orientation of
the plot and to take measurements of the land. In this report the land’s register plans are also included.

2.1 Description of the land
In this chapter the land that concerns this project is described and shown through pictures that were
taken during the land visit. These pictures show the east, south, west and north view of the land and give
an overview of the environment and surroundings. The entrance of the land is only on one part of the
land, towards the west. The entrance is situated closely to the main electric connection.
The team only needs to take a classic fence limitation into account, but does not have to design a
fence or include this in the design plans.

Figure 1 East view

The east view of the land, shown in Figure 1, is at the moment free of buildings close to the client’s
land (except for one house slightly further away), but there might be a house build on the land next to it
in a few years, since the land is divided into two sections. One section for the client and one section for
the client’s sister. This is something the team will have to take into account when designing the house.
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Figure 2 South view

The south view of the land, shown in Figure 2, is interesting to design the main living area on, since
this side has the best view because of the mountains that are visible from the land. The south view is
also interesting according to the Passiv’ Haus requirements, because the house will need to be oriented
to the south.

Figure 3 West view

On the west side of the land, shown in Figure 3, a house is situated. The team agreed that this is not
the ideal view and thus the team will take limited visibility of this view into account during the designing
phase of the project.
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Figure 4 North view

On the north side, shown in Figure 4, there is a small road on which cars pass by, and a little further
to the left there is a house. The entrance of the house and garage will most probably be designed on the
north-west side, since this has easy access to the road.
During the land visit it was clear that the level of the ground is not the same in the whole land. The
land in front of the client’s land is askew, which would have formed a problem concerning the water on
the ground during a rainy day. But because the actual ground on which the house will be build is higher
than the road in front of it, this will not be a problem. Since the client’s land itself is also slightly askew
the best option is to build the house in the north-west side of the land. This way preventing water
problems in case of heavy rainfall.
According to the city regulations it is not allowed to have the beginning of the house between 0 to 3
metres from the road. It is only allowed to build the beginning of the house in line with the road and
otherwise 3 metres or further away from the road. It is allowed to build the house at the far south side
of the land, but this is discouraged due to the costs of the electricity wire.
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2.2 Plans of the land
N

Figure 5 Land drawing

The team went on the land and took measurements. The land has an area of 5625 m2 in total (this
was measured), but this area is not completely for the client. The client has half of the land, these
measures are 37,5 m for the width and 75 m for the length, and his sister has the other half of the land
to build a house on. The full land is shown in Figure 5, the middle is indicated with a dotted line and
north is indicated with the letter “N”. The left side of the land is for the end client and the right side is for
his sister.
In Appendix A: Land Plan document the official land plan can be found. This document says that the
area is 5500m2 in total.
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2.3 Public networks
The public networks consist of the following five points:
●
●
●
●
●

Gas
Water
Electricity
Sanitation
Phone and internet network

Gas is not available in the area, but gas might not be needed for the house. Gas is usually used for
cooking and heating, but both can also be done with electricity.
Water is available in the area, but unfortunately this is not close to the house. According to the
surrounding buildings there is a water connection available. At this point it’s not clear yet where this
water connection is situated.
Electricity is available in the area. A post of 8 metres high stands on the corner in the north-west side
of the land. The best situation would be to need no more than 35 metres of wire from the top of the
post to the house. In case a wire with a measurement of 35 metres to 50 metres is needed the price will
be doubled in comparison with a wire with a measurement between 0 to 35 metres. Because of the 8
metre high pole the margin the team has from the pole to the house is 27 metres. It is necessary for the
electricity post to be connected to the technical room for this house.
Sanitation is not available in the area, which means this has to be designed. The sanitation basin will
be situated in the ground and will be 2 to 3 m3 big. There is no connection to extract the dirty water.
That’s why a water purification system has to be designed by the team.

Figure 6 Network cable attached to house

The phone and internet network is available in the area. It is possible to connect the network for
phone and internet from the public network to the house by a wire. This wire will then be attached to
the house, an example of this is shown on Figure 6.
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2.4 Weather conditions
In this chapter the weather conditions in Labastide-Chalosse will be discussed. The weather
conditions are important since this will have an influence on the design and orientation of the house. The
coordinates of Labastide-Chalosse are N 43°36′48″ W 0°36′39″.

Figure 7 Sun degrees summer

Figure 8 Sun degrees winter

The sun comes up in the east and sets in the west. The radius of the sun in summer is 270 degrees
with an angle of 68 degrees from the ground, shown in Figure 7, and the radius in winter is 180 degrees
with an angle of 28 degrees from the ground, shown in Figure 8.

Labastide-Chalosse

Figure 9 France irradiation map
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The map in Figure 9 shows the irradiation in France. Four zones are defined on the map, each zone
representing a new level of irradiation. Zone 1 has the least amount of irradiation and zone 4 has the
most amount of irradiation. Irradiation means the amount of kWh/m2/year that the land is exposed to
the sun for. Labastide-Chalosse can be found in zone 3, which means the sun irradiation is between 1530
and 1610 kWh/m2/year.

Figure 10 Weather condition [1]

In winter it will not be colder than -5 degrees Celsius (in the night) and in summer the temperatures
can rise up to 35 degrees Celsius. In Figure 10 the average temperatures of Labastide-Chalosse can be
found. These temperatures have been calculated with data from the past 30 years. In the graph the
mean daily maximum is indicated with a red line, and the mean daily minimum is indicated with a blue
line. The hot days are indicated with a red stripes and the cold nights with blue stripes. The blue bars
show the millimetres of rain that will approximately fall in every month of the year.
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Figure 11 Weather condition wind speed [1]

In Figure 11 the wind speed is included in the graph. The green line indicates the average wind speed
and the top of the green box indicates the maximum wind speed and the bottom of the green box
indicates the minimum wind speed. The graph shows that the wind speed in winter (with a maximum of
approximately 22 km/h) is higher than it is in summer (with a maximum of approximately 17 km/h). [1]
It is necessary to include protection for the walls in the north against the wind during winter and to
take the sun between 4 and 9 PM into account during summer when designing a terrace.
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2.5 Conclusions land visit
With the information that can be found in this report, it is possible for the team to make a rough
draft of the house. The land visit was useful and the team managed to gather important and useful
information considering the situation of the land, public networks, weather condition and the possible
orientation of the house.
The land visit made it easier to visualize and think about the house and it’s orientation. The team
could see where the shadows would fall, where north, west, south and east was situated and where the
sun would be throughout the day.
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3. 2D house plans
The aim of this chapter is to explain the two different designs of the 2D house plans that the team
has designed, then compare these and choose the better option. The document starts off with general
information which is used in the designing phase of the project. Information such as the dimensions for
regularly used furniture and some designing decisions made by the team for the layout of the house.
After this is known the concepts will be presented and the method used on achieving these
concepts. Then are the differences between the different concepts and the conclusion on which concept
will be chosen to present to the client.

3.1 General information
In this chapter the team explain the dimensions and the steps for designing a house applicable in
every design. It is necessary to know this information before any designs are made. First, the dimensions
are explained about the house and the furniture. The second part consist of the steps to design any
house plans and more specific choices in this house that the team used to make the two following
designs.

3.1.1 Dimensions
3.1.1.1 House Dimensions
The client provided the house dimensions at the beginning of the project, called technical
requirements. These dimensions are fixed and have a small margin of ±1%. The house dimensions are as
follows:
○
○
○
○
○
○
○
○
○

The living space of the house is 115 m2
The area of the garage is 50 m2 and it should be linked to the house
50 m2 – Kitchen, living room, dining room
7,2 m2 – Technical room (should be linked to the kitchen)
24 m2 – 2 Rooms (12 m2/Room)
16 m2 – Parental room
5 m2 – Walk-in-closet
7 m2 – Bathroom (shower)
3 m2 – Toilet

3.1.1.2 Furniture dimensions
The team was given general dimensions for often used furniture within the house by the technical
supervisor Also some additional information about dimensions has been given regarding some rooms in
the house, for instance the kitchen. The furniture dimensions are as follows:



Table: 180 by 90 centimetres.
Sofa: 200 by 100 centimetres.
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Kitchen: Cupboards in kitchen have a width of 60 centimetres the height of the kitchen should be
less than 2 meters, otherwise some items might be outside the reach of the client.
Bathtub: 50 by 170 centimetres.
Shower: 100 by 100 centimetres.
Bed: 160 by 200 centimetres. The space between the wall and the bed should at least be 170
centimetres on both sides. The advised width of the bedroom is 3 meters.
Walk-in closet: The size depends on the storage options within the closet. If only the wall side is
chosen then the width can be smaller (at least 60 centimetres) , but if the clothes are hanging on
both sides of a corridor within the closet the width has to be extended (At least 2,4 meters).
The wardrobe, for hanging up coats, should be drawn as a box with an “X” on it. the width
should be 60 centimetres and the length can be the following sizes:
o 120 cm
o 150 cm
o 180 cm
o 240 cm
o 300 cm
o 360 cm
People have to be able to circulate between furniture with at least 1 meter of space.
The distance from the sofa to the television can be calculated using the formula:
Distance sofa to tv=Screen diagonal of the TV·2,5

In conclusion, these are the general dimensions for the furniture (Table 1):
Furniture

Width [cm]

Length [cm]

Table

180

90

Sofa

200

100

Kitchen cupboard

60

65

Bathtub

70

170

Shower

100

100

Bed

160

200

Wardrobe

60

120-360

Table 1 Furniture dimensions

15

DRAFT 2D HOUSE PLANS
3.2 General design choices
3.2.1 House design plans
In general to design house plans, the land plans and the directions of north and south are necessary
to define the orientation of the house .
The first step while designing the house is to look at the technical requirements and make the
different rooms with the right dimensions. When that is done the first priority is to locate the entrance
of the house with respect to the entrance of the land. This is the an important part of the house and also
difficult to situate, since it is necessary to think about the way people will navigate the land when
walking towards the house.
With the location of the entrance of the house, the location of the garage is then easily determined,
since the entrance of the house and the entrance of the garage should be opposite each other. This to
create a dry passing in case of bad weather, since the house and the garage are connected by a roof.
The next step is to situate the house on the land. This means looking at how far the house is placed
from the road and how close to the neighbouring house.
The third step is to establish priorities to situate each room of the house, for instance the living room
needs to have the best view, which means placing it on the south side of the land as well as the master
bedroom. It is important to have a nice view from there as well.
The technical room is then placed closest to the electricity pole to reduce the costs on the needed
connection. The bathroom and toilet are situated next to each other, this to reduce cost and make it
easier to have a connection for the water. The two spare rooms were then moved in a way that the living
room, dining room and kitchen would have an open “American” style.
And the last step is to think about what kind of vegetation to put around the house. This step
depends on the location of the house.

3.2.2 Specific choices
In the design phase some general design choices are made by the team. This is to make everyday life
for the client better and more comfortable.


The technical room located in the north-west corner of the house.

This to save cost, because the electricity connection to the house costs € 1.300,- if the connection
between the electricity pole (“poteau EDF” in Figure 12) and the house is between 0 and 35 metres. If
the connection is more than 35 metres away from the pole the cost will go up substantially.
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The shower and toilet are connected to one another and placed in the north side of the house.

There is less time spent in the bathroom and the toilet in everyday life, so it would be a waste if these
rooms were placed in the south side of the house thus blocking this space for a room which would enjoy
the south view better. It also saves costs because the water pipes have a shorter distance going from the
technical room to both rooms.


Parental room located in the south-east corner.

The parental room will be in the south-east, because of the view in the south side and the building of a
neighbour in the west.


Living room, dining room and kitchen located in the south.

This combination of rooms will be facing towards the south because most of the client’s time will either
be spent in this set of rooms or in the bedroom.
The designer’s responsibility in the AutoCAD software is to design the following elements of the house:


Exterior walls



Interior walls



Rooms



Doors



Windows
Furniture, the team obtained the basic furniture from a 2D model warehouse and incorporated
them in the design [2].



The designer can also make use of some automatic tools provided by the AutoCAD software. If the
exterior wall is drawn it is possible to draw a second shape which can be scaled by the designer.
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3.3 Concept 1
In Figure 12 the layout of the land is shown with the first concept of the house located on the land.
The client’s land can be found on the left side of the picture. The choice to put it in the north of the land
is that the cost for the electricity connection will not increase above € 1300,- because it remains within
35 metres of the electricity pole (“poteau EDF”). The program used to design the concept is AutoCAD™ [1
].

N

Figure 12 Land layout with concept 1
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Figure 13 2D plans for concept 1
In this design, (shown in Figure 13) Concept 1, the garage is located between the house and the road
to have better access to the house. The garage is linked to the house by a roof. The dimensions shown in
the picture are in millimetres.
The consequences of this design are as follows: there is an excess of space near the entrance,
therefore surface is wasted in the living area. The team also has two different orientations for the roof,
one on the house which is aligned with the road and one on the garage. That is turned 90°, which
increases the costs, and the budget doesn’t allow the team to design these two separate roofs.
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3.4 Concept 2
In Figure the layout of the land is shown with the second concept of the house placed on the land.
The house is placed towards the north, with the garage in the western direction to mask the
neighbouring building from the view from inside the house. The program used to design the concept is
AutoCAD™ [1 ].

N

Figure 14 Land layout with concept 2

Figure 14 Land layout with concept 2
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Figure 15 2D plans for concept 2
As is shown in Concept 2, shown in Figure 15 , this design has the house and the garage in one line in
order to have a single roof covering the house, the garage and the space in between them. This space
could be used as a terrace with the garage protecting it from the sun in winter. This is the most
economical design because there is only one roof and solar panels can be placed on this roof, oriented to
the south, receiving as much sun as possible during the duration of the day.
Due to this location of the garage, the entrance of the house has appropriate dimensions and the
living space area has more surface available than in the previous design, so the kitchen, dining room and
living room are better situated.
In this design all of the rooms are located in the east, except for the technical room. The dining and
living room are towards the south to generate the best view possible in the client's everyday life.
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3.5 Differences
DIFFERENCES
Garage location

CONCEPT 1
Between the house and the road

Dining
room
location
Kitchen location

Between the kitchen and the living
room
South side of the house next to the
technical room
South side, between the spare room
and the dining room
North side next to the technical room

Living
room
location
Entrance location

CONCEPT 2
In line with the house between it and the
limit of the land
Between the spare room and the living
room, in front of the kitchen
North side, between the technical room and
the bathroom
South side, next to the dining room

West side, between the living room and the
technical room
Table 2 Differences between the concepts
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3.6 Conclusion
Taking into account the aforementioned concepts, the team has decided to choose concept 2
because of the following reasons:





Concept 2 has only one roof and this fact allows the team to reduce the costs of the house.
The entrance of the house in concept 2 has the proper surface, this makes living there more
comfortable.
The living space area (living room, dining room and kitchen) has a bigger surface according to the
concept 2, so staying there will be more pleasant.
Due to the surface available in concept 2 it can include a cooking island in the kitchen.
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1. Introduction
As part of the technical aspect of the project, a thermal simulation has been done for the chosen
house design. First of all the material choice is discussed, because to be able to perform the thermal
simulations of the house the materials have to be included within the final design.
After all of the materials are studied the thermal simulations take place. With the results presented
within these simulations it is possible to see if the heating system and the power consumption are within
the boundaries set by the Passive House Institute.

2. Materials Choice
The aim of this chapter is to study and select suitable materials to apply in the construction of the
house. The team also explains what methods are used during the study of each part of the house.
At first there will be a short explanation about the properties of the materials and what criteria are
taken in mind for the selection process. For the amount of materials needed the team has a draft design
ready to calculate the surface area of the house. The walls, roof and floor are the elements of the
envelope of the house. These dimensions are of importance if a cost analysis has to be done for every
structure element.
The team has decided that the exterior envelope of the house would be of interest to study what
materials are going to be used and if there are already useable building methods. Within the envelope of
the house there are certain categories which are studied. These categories are: the walls, the roof, the
floor and the windows.
The conclusion to the chapter contains two scenarios the house could be built with to use in the
thermal simulation.

2.1 Material properties
The criteria which have been chosen are the U-value, also known as the U-factor or heat transfer
coefficient, this factor is used to show the heat transfer, whether it is heat gain or loss, through the
elements. It is expressed in watts per square meter kelvin [W/m²K]. The lower this number is, the less
heat is going to be lost or gained through the material.
The R-value is also of importance, this is also known as the R-factor and it is for the heat resistance
per inch of the different materials used as insulation in the walls, roof and floor. The higher the R-value
the more a material prevents heat transfer, thus the better the material is to use as an insulation
material.
Thermal conductivity is also a very important property in materials. It shows the rate at which heat
can move through the material. If the thermal conductivity is high, the heat can pass through the
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material at a faster rate than if the thermal conductivity is low. If the value of thermal conductivity is low
the material can be used as a thermal insulator. The symbol used to show thermal conductivity is lambda
[λ] and the units in which it is measured is in watts per meter-kelvin [W/m K].
According to the requirements of the passive house, the house has to have a high thermal comfort
and a maximum heating demand of 15 [kWh/m2/year]. This can be easily realised if the envelope of the
house is properly insulated. To know if the house is properly insulated the Passive House Institute has set
limits on the U-values. These U-values are 0,15 [W/m²K] for the wall, 0,10 [W/m²K] for the roof, 0,15
[W/m²K] for the floor slab and 0,80 [W/m²K] for the windows. These values are limits which should not
be exceeded. The lower these values can be the better it is for the thermal comfort of the house and also
to save cost on the heating cost.

2.2 Dimensions of the house
For the cost analysis of the materials used in the different structure elements some dimensions
have been defined. The house has a length of 16,5 meters and a width of 7 meters. The walls have a
height of 3 meters. To save cost in the project only the cost of the insulation of the house and not the
garage are calculated. The dimensions are:
Total wall area:
2·(Length·Wall height)+2·(Width·Wall height )=2·(16,5·3)+2·(7·3)=141 m2
2·(Width·Roof height)=2·(7·2,02) =2·14,14 = 28,28 m2
141 + 28,28 = 169,28 m2
Total floor slab area:
(Length·Width ) = (16,5·7)=115,5 m2
The roof has a total width of 7 meters and a slope of 30 degrees.
Height= tan-1 (30°)·(12 ·length)= tan-1 (30°)·(12 ·7) = 2,02 m
Slope = cos-1 (30°)·( 12·length)= tan-1 (30°)·(12 ·7) = 4,04 m
This means that the height of the roof is 2,02 meters and the slope of the roof is 4,04 meters.
2·[(Length)·(Slope )]=2·(16,5)·(4,04)=133,32 m2
If the dimensions of the garage are taken into account the sloped roof area becomes:
2·[(House length+Link+Garage length)·(Slope )]=2·(16,5+3+7)·(4,04)= 214,12 m2
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2.3 List of Materials
In this chapter the different which can be chosen for the different elements of the house are
explained. In Table 1 the different masonry materials are described with all of the important properties
which can influence the final choice.
Masonry materials

R-value [m2 K /w]

U-value [W/m2K]

λ [W/m K]

Brick

0,80

1,25

0,6-1,0

Stone (granite)

0,05

20,0

1,7-4,0

Concrete block (10-20 cm thick)

0,8-1,28

1,25-0,78

1,70

Table 1. Masonry materials [3]

In Table 2 the different materials for insulating the different elements in the house are shown. These
are the most common materials used in insulating the elements nowadays.
Insulation material

R-value [m2K/w]

U-value [W/m2K]

λ [W/m K]

Fibreglass

3,10

0,323

0,040

Mineral wool

3,10

0,323

0,044

Glass wool

2,25

0,444

0,044

Cellulose

3,70

0,270

0,040

Polyurethane foam

6,30

0,159

0,030

Expandable polystyrene
(EPS)

4,00

0,250

0,030

Plastics, foamed
(insulation materials)

3,80

0,263

0,030

Natural fiber (cotton)

3,50

0,286

0,040

Natural fiber
(sheep’s wool)

3,50

0,286

0,029

Porous bricks, porous
concrete

5,00

0,200

0,110

Table 2. Insulation materials [3]
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2.4 Structure elements
Following now are the different elements of the structure which have been studied during this phase
of the project. The team tries to have two different solutions in each element.
The criteria for choosing the materials have the following priorities:
1. U-value
The most important criteria which the team has to consider for insulation materials, is the U-value of the
materials. If the material has a low U-value, less of it could be used to insulate the house in a proper way,
thus saving space and cost.
2. Regulations
The regulations of the city have to be followed as well. The most important one being that the exterior of
the house cannot contain wood.
3. Properties
Each material has different properties. The property taken in mind for the materials is the thermal
conductivity [λ]. The lower it is the better it could be used as an insulation material.
4. Cost
Some materials are very expensive, sometimes it is better to find a cheaper alternative than to put a
really expensive material in the different elements.
5. Thickness
The land does not have unlimited space, so the thickness of the different elements have to be taken into
consideration.
With the U-value, cost and thickness the team can set up a decision matrix. If the choices are difficult
to make between certain materials the team can put these in a decision matrix to show what materials,
or construction methods, are better used in the different elements of the house. Within the matrix the
methods can score between 1 and 5, with 1 being the worst for this criterion and 5 being the best. This is
to generate a good overview on which method is the best for that element of the house.
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2.4.1 Walls
There are already some suitable techniques to insulate the walls in a proper way, as can be seen in
Figure 1. These wall constructions have a very low heat loss which means that the heating system needs
to generate less heat because of well applied insulation in the walls.

Figure 1. Passive House walls [1]

a) Masonry with EIFS(External Insulation and Finish Systems)
First the wall is built with the insulation and the masonry after this the EIFS is applied. As the name
suggests on the outside of the walls to generate an additional protection to contain heat inside, or
outside, the building and as a moisture protection. It is also known as synthetic stucco.
EIFS is available in two basic types: a barrier wall system or a wall drainage system. The barrier system
relies primarily on the base coat protecting the structure from water penetration. So the underlying
layers must be well protected if some water does come through. The other system has a separate
drainage layer which will block any water from coming through the EIFS.
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b) Formwork elements made of rigid polystyrol foam
Formwork explains the way how the concrete is filled in the wall. First the construction team creates a
shape for the outer wall. After this is done the concrete will be poured in the shape. When the concrete
is set the formwork will be removed and a concrete wall will be left behind. Then the insulation can be
installed to properly insulate the envelope of the house.
c) Light weight element
The timber protects the insulation elements from the weather and provide extra structural integrity to
the building.
However this wall construction is not allowed in the structure. The city regulations state that it is not
allowed to use wood on the exterior of the structure.
d) Formwork element on expanded clay basis
The insulation material is being enclosed on both sides by clay. First the clay balls are burned in an oven
and after that the bricks can be manufactured around the insulation material.
e) Prefabricated porous concrete element
Porous concrete provides insulation, fire resistance and mold protection for the structure. Because of
prefabrication the wall are easier to build up.
f) Thick timber board wall
This idea is almost the same as the light weight element, but because the outer timber layer is thicker
than the other concept this method provides more strength to the structure.
This wall construction is also not allowed because it uses wood on the exterior.
g) Prefabricated polyurethane sandwich elements
These elements are fixed directly to the slab. If they are properly installed the wall is capable of fulfilling
all of the functions of the envelope of the building (airtightness, thermal insulation etc.)
h) Hightech VIP (Vacuum Insulated Panels)
Vacuum is the best way to insulate any building. It has the lowest heat conductivity of every material and
thus can reach a better thermal comfort with the same thickness as any other material. With this a much
slimmer wall could be realised. However it is a much more expensive material to use as an insulation.
i) Porous concrete blocks with mineral foam insulation
There are a lot of similarities between this and the prefabricated porous concrete elements. The main
difference is that these blocks are not prefabricated and thus take a longer while to install.
Ultimately there has been chosen for two types of construction methods, each of these methods has
one type of insulation material. These methods are:
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1. Masonry with EIFS (External Insulation and Finish Systems)
The team has chosen the first method because of the EIFS that is applied in this option. With the external
finish it is easier to take the city regulations in mind, because the EIFS can be painted in a wide range of
colors and can be made by a wide range of materials. In this first method the team needs to use two
insulation materials, external and internal insulation. The first one being EIFS and the second one being
glass wool or EPS 100, because if not the house does not comply with the U-value requirement in the
walls, as the team checked in the calculation of the U-values.
2. Prefabricated porous concrete element
Because of the prefabricated parts in this method the labour cost will remain on the low side. That is
why this method is a viable option for the team.

2.4.1.1 Masonry with EIFS (External Insulation and Finish Systems) using EPS 100

Figure 2. EIFS (External Insulation and Finish Systems) [5]
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Table 3. Wall option1 [2]

Construction materials

λ
[W/m·K]

Thickness
[cm]

Cost
[€ / m2]

1

EIFS (External Insulation and Finish Systems)1

0,097

1,73

24,30

2

Brick2

0,600

11,50

0,25
per brick

3

EPS 100 (Expandable polystyrene)3

0,030

20

27,50

4

Plastering system (BA13)4

0,170

1,25

2,15

34,50

53,95
excl. brick

Total:
Table 4. Construction wall option1 with the cost
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To calculate the cost for the wall, the team needs to calculate the number of bricks, because all the
costs are expressed in m2 except for the brick (Table 4):
The brick dimensions are: 24 x 11,5 x 5 cm, to calculate the area of the bricks: 24 ·5 = 120 cm2 = 0,12 m2
Now, it is necessary to know the area of the long wall of the house: 16,5 · 3 = 49,5 m2
To know the number of bricks necessary in one long wall the calculation below is performed, but the
house has two long walls so the end result has to be multiplied by two:
49,5 𝑚2
= 412,5 ≅ 420 → 420 · 2 = 840 bricks
0,12 𝑚2
The short walls of the house are: 7 · 3 = 21 m2, and the roof walls of the house are: 7 · 2,02 = 14,14 m2,
with these areas, the amount of bricks can be calculated:
21 + 14,14 = 35,14 →

35,14 𝑚2
= 292, 83 ≅ 300 → 300 · 2 = 600 bricks
0,12 𝑚2

Total cost bricks:
840 + 600 = 1440 ≅ 1500 [𝑏𝑟𝑖𝑐𝑘𝑠] · 0,25 [

€
] = 375 €
𝑏𝑟𝑖𝑐𝑘

Total cost for the option 1 wall construction:
(24,3 + 27,5 + 2,15 ) · 169,28 + 375 = 9507,66 € ≅ 9508 €
To know the details about the prices and properties of the materials see Appendix A: Information
materials.
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2.4.1.2 Masonry with EIFS (External Insulation and Finish Systems) using glass wool

Table 5. Wall option2 [2]

Construction materials

λ
[W/m·K]

Thickness
[cm]

Cost
[€ / m2]

1

EIFS (External Insulation and Finish Systems)1

0,097

1,73

24,30

2

Brick2

0,600

11,50

0,25
per brick

3

Glass wool5

0,044

35
(10 /layer)

11,69

4

Plastering system (BA13)4

0,170

1,25

2,15

49,50

38,14
excl. brick

Total:
Table 6. Construction wall option2 with the cost
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The calculation for this construction method is the same except for the insulation material. This
cost is decreased from € 27,50 to € 11,69. The total cost for option 2 wall construction (Table 6):
(24,3 + 11,69 + 2,15 ) · 169,28 + 375 = € 6831,34 ≅ € 6832

2.4.1.3 Porous concrete element using EPS 100

Figure 3. Glass Wool [4]
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Table 7. Wall option3 [2]

Construction materials

λ
[W/mK]

Thickness
[cm]

Cost
[€ / m2]

1

Porous concrete6

0,110

20

0,38

2

EPS 100 (Expandable polystyrene)3

0,030

20

27,50

3

Plastering system (BA13)4

0,170

1,25

2,15

41,30

30,03

Total:

Table 8. Construction wall option3 with the cost

The total exterior area of the walls is 169,28 m2 this can be multiplied with the cost per m2. Total
cost for the option 3 wall construction:
(0,38 + 27,50 + 2,15 ) · 169,28 = € 5083,48 ≅ € 5084
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2.4.1.4 Porous concrete element using glass wool

Table 9. Wall option4 [2]

Construction materials

λ
[W/mK]

Thickness
[cm]

Cost
[€ / m2]

1

Porous concrete6

0,110

10

0,38

2

Glass wool5

0,044

30
(10/layer)

30,06

3

Plastering system (BA13)4

0,170

1,25

2,15

41,30

12,55

Total:

Table 10. Construction wall option4 with the cost

The total exterior area of the walls is 169,28 m2 this can be multiplied with the cost per m2. Total
cost for the option 4 wall construction:
(0,38 + 30,06 + 2,15 ) · 169,28 = € 5516,84 ≅ € 5517
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2.4.1.5 Decision matrix of the walls
With the matrix shown in Table 11, a decision could be made with the important criteria taken in mind.
The U-value is the most important criteria that is why the U-value is on a scale from 1 through 10. If this
criteria is not met then it will become difficult to achieve the passive house standard.
After this comes the cost, this is also an important criteria for the team as it could mean that the client
could save money if a certain option is chosen.
The third criteria which is taken in mind is the thickness of the different options, because the land has a
certain size it is important to not choose the thickest of the options. Partly because if, for instance, the
walls are very thick then this could diminish the total liveable area within the house for the client.
Walls

U-value
[1-10]

Cost
[1-5]

Thickness
[1-5]

Total
[3-20]

1. Masonry with EIFS using
EPS 100

4

1

5

10

2. Masonry with EIFS using
glass wool

8

2

1

11

3. Porous concrete element
using EPS 100

10

3

3

16

4. Porous concrete element
using glass wool

6

3

3

12

Table 11. Decision matrix of the walls

Using this matrix (Table 11) provides the team with a good overview of the different options
available for the walls.
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2.4.2 Roof
Shown in Figure 4 is the cross section of the roof. The numbers shown correspond with the numbers
in Table 12 through Table 15 . The technique used in isolating the roof is a blanket insulation on the floor
of the attic. Because the client does not want to use this space it is possible to only insulate the floor
instead of the sloped sides of the roof. It is also the cheaper solution because this type of insulation is
easier to install and uses an overall cheaper material.

Figure 4. Cross section of the roof

Figure 5. Glass Wool Sprayed Insulation
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2.4.2.1 Glass Wool Sprayed Insulation

Table 12. Roof option1 [2]

Construction materials

λ
[W/m·K]

Thickness
[cm]

Cost
[€ / m2]

1

Roof covering7

1,200

16

0,25
per tile

2

Wind proofing

0,170

0,05

-

3

Cross Wood beam8

0,130

20

50

4

Glass Wool Sprayed Insulation9

0,040

30

11,30

5

Plastering system (BA13)4

0,170

1,25

2,15

67,30

63,45 excl. tiles

Total:

Table 13. Construction roof option1 with the cost
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To calculate the cost for the roof, the team needs to calculate the number of tiles, because all the cost
are expressed in m2 except the tiles (Table 13):
The tiles dimensions are: 40 x 19 x 16 cm, to calculate the area of tiles: 40 ·19 = 760 cm 2 = 0,076 m2
To know the number of tiles in the roof are necessary in the house:
Roof Area
133,32 𝑚2
=
= 1754,21 ≅ 1800 𝑡𝑖𝑙𝑒𝑠
Tile Area
0,076 𝑚2
Total cost tiles:
1800 [𝑏𝑟𝑖𝑐𝑘𝑠] · 0,25 [

€
] = € 450
𝑡𝑖𝑙𝑒

Total cost for the option 1 roof construction:
(50 + 11,30 + 2,15 ) · 133,32 + 450 = € 8909,154 ≅ € 8910
If there is one more layer of insulation material, 40 cm instead of 30 cm, the total cost will change:
(50 + 12,92 + 2,15 ) · 133,32 + 450 = € 9125,13 ≅ € 9125

Figure 6. Wood Roof Frame (Fermette Industrielle)
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2.4.2.2 Cellulose Sprayed Insulation

Table 14. Roof option2 [2]

Construction materials

λ
[W/m·K]

Thickness
[cm]

Cost
[€ / m2]

1

Roof covering7

1,200

16

0,25
per tile

2

Wind proofing

0,170

0,05

-

3

Cross Wood beam8

0,130

20

50

4

Cellulose Sprayed Insulation10

0,040

30

9,64

5

Plastering system (BA13)4

0,170

1,25

2,15

67,30

61,79 excl. tiles

Total:

Table 15. Construction roof option2 with the cost

Total cost for the option 2 roof construction:
(50 + 9,64 + 2,15 ) · 133,32 + 450 = € 8687,84 ≅ € 8688
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If an extra layer of insulation is added, 40 cm instead of 30 cm then the total cost changes as well:
(50 + 13,98 + 2,15 ) · 133,32 + 450 = € 9266,45 ≅ € 9266

2.4.3 Floor
2.4.3.1 Floor slab with insulated upper side
The floor slab can be insulated in two different ways. One of the ways is by an outside perimeter
insulation. This can decrease the risk on moisture related construction damage and is able to provide a
complete envelope of the house
It is also possible to insulate from the inside by applying the insulation materials on the room side. This is
also known as upper side insulation.
A combination of these two insulation methods is also possible. Generally the following two points have
to be taken in mind:
●
●

Perimeter insulation makes it easier to make the building thermal bridge free
Internal insulation increases the risk of moisture related construction damage at the connections
between the floor slab and the walls

Figure 7. Floor slab with insulated upper side [6]
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Table 16. Floor option1 [2]

Construction materials

λ
[W/mK]

Thickness
[cm]

Cost
[€/m2]

1

Cement screed16

1,400

5

13,00

2

PE soft foam, seal joints20

0,040

1

5,02

3

EPS (Expanded polystyrene)3

0,040

22

32,66

4

Bitumen22-aluminium14 layer

0,170

0,4

4,71

5

Reinforced12 concrete11

2,500

25

Concrete:0,64
Reinforcement: 0,99

6

Construction paper24

0,170

-

0,54

7

Drainage layer13

0,700

15

22,46

8

Filter fabric23

0,500

-

0,68

9

Soil

-

-

-

Total

68,4
Table 17. Construction floor option1 with the cost [6]
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Total cost for the option 1 floor construction:
(13,00 + 5,02 + 32,66 + 4,71 + 0,64 + 0,99 + 0,54 + 22,46 + 0,68 ) · 115,5 = € 9320,85 ≅ € 9321

2.4.3.2 Floor slab with insulated underside

Figure 8. Floors slab with insulated underside [6]

Table 18. Floor option2 [2]
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Construction materials

λ
[W/mK]

Thickness
[cm]

Cost
[€/m2]

1

Cement screed16

1,400

5

13,00

2

PE film, overlapping joints19

0,230

0,02

0,19

3

Mineral wool20 – impact sound
insulation

0,035

3

2,43

4

Reinforced12 concrete11

2,500

20

Concrete:0,64
Reinforcement: 0,99

5

PE film (2-layer)19

0,230

0,04

0,19

6

Foam glass21
bitumen22

0,045

24

7,80

7

Polymer bitumen22(2-layer)

0,170

0,8

0,21

8

Lean concrete11
subbase

1,200

5

7,87

9

Construction paper24

0,170

-

0,54

10

Drainage layer13

0,700

15

22,46

11

Filter fabric23

0,500

-

0,68

12

Soil

-

-

-

in

/

polymer

granular

Total

72,90
Table 19. Construction floor option2 with the cost [6]

Total cost for the option 2 floor construction:
(13,00 + 0,19 + 2,43 + 0,64 + 0,99 + 0,19 + 7,80 + 0,21 + 7,87 + 0,54 + 22,46 + 0,68 ) · 115,5
= € 6583,50 ≅ € 6584

2.4.3.3 Supergrund
The supergrund idea is a swedish design that works on the concept of insulating the whole slab
instead of only the upper- or underside. This design has a very low U-value, between 0,100 and 0,155,
which minimises the heat loss through the ground. Along the perimeter of the foundation is a high
strength “F-profile” ring beam, with the enclosed area being insulated with several layers of EPS 100
insulation. This eliminates any chance of thermal bridges occurring and protects the structure from
moisture.
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Following in Figure 9 is a cross section of the supergrund:

Figure 9. Cross-section of Supergrund [7]
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Table 20. Floor option3 [2]

In this table a small summarization of the materials used within supergrund can be found along with
the estimated cost for each of the materials.
Construction material

λ
[W/mK]

Thickness
[cm]

Cost
[€]

1

Reinforced12 concrete slab11

2,500

10

2

EPS 100 (Expandable polystyrene)3

0,030

10/layer,
layers

3

Sand binding25

0,710

3

11,75 /tonne

4

Radon barrier17

0,200

-

0,94 /m2

5

Hardcore (concrete, brick or gravel)18

0,150

min. 15

40,77 /tonne

28
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6

EPS3 300*

0,030

10

27,50 /m

7

Reinforced12 concrete11 ring beam†

0,710

20

Concrete: 13,02
/m
Reinforcement:
0,99 /m

Total

98
Table 21. Construction floor option3 with the cost

The total cost per square meter for the inner slab is: € 30,07. This makes the total cost for the inner slab:
(0,64 + 0,99 + 27,5 + 0,94 ) · 115,5 = € 3473,09
According to calculations from the webpage of the hardcore the building needs 32 tonnes and for the
sand binding the floor slab needs 6 tonnes‡. The price for all the bags needed will be:
(11,75 · 32) + (40,77 · 6) = € 620,62
The ring beam has a cost of € 41,51 per meter. The ring beams dimensions are 7 meters by 16,5 meters
which totals to 47 surrounding meters. With these linear meters the total cost of the ring beam will be:
(27,5 + 13,02 + 0,99 ) · 47 = € 1950,97
With all these calculations the total cost of the ”Supergrund” floor slab will be:
3473,09 + 620,62 + 1950,97 = € 6044,68 ≅ € 6045

*

Used in the ring beam of the slab
Used in the ring beam of the slab
‡3
Length(m)*Width(m)*Height(m)*1,6
†
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2.4.4 Windows
The house needs the windows to have two uses:
- Light
- Thermal use
Also, the team should take the heat losses into account.
Ideally, windows would provide wonderful views and abundant daylight, whilst at the same time losing
very little heat and providing just the right amount of solar heat gain.
Views and daylight depend on the site and the design rather than the specific windows. While heat
losses and gains do depend on the site and the design, the window specification has more impact.
The requirements in the windows are:
●

The window U-value as a measure of the heat losses; above all, because the window is not to
have an unpleasantly cold surface during the winter. The U-value should be as small as possible,
but at least smaller than 0.8 W/(m²K).
● The glazing g-value as a measure for the possible solar heat gain. The g-value should be
reasonably high; values around 0.5 are now typical.
(The climate conditions are based on Central Europe)
The method to calculate the window U-value Uw , EN 10077 uses:
●
●
●
●

The glazing U-value Ug and the surface area of the glazing Ag,
The U-value of the frame Uf and the surface area of the frame Af
The thermal bridge coefficient at the edge of glass Ψg (essentially determined by the spacer) and
the glass edge length lg
also included is the thermal bridge due to the installation of the window in the exterior wall
ΨInstand the length lIns where the window meets the wall.

In order not to have accurate window characteristics it is crucial to account for all heat losses specified
above. This is accomplished using the formula:

𝑈𝑤 =

Ag Ug + Af Uf + lg Ψg + lInstΨInst
Ag + Af
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Figure 10. Window properties

The design of the windows consists of:
1. Glass double and triple
2. Spacer (swisspacer, thermix…)
3. Cavity gas (air, argon, krypton, xenon)
4. Glass coating (low emissivity coatings, solar control coatings…)
Now follows an explanation on the different points.
The glass can consist of two or three panes. This means that the window has either two or three glass
sections. Shown in Table 22 is the comparison between the double- and triple glazed units.
Double

Triple

Advantages

Disadvantages

Advantages

Disadvantages

Cost less than triple pane units

Less durable

Lower U-value

Expensive

Weigh less than triple pane units

Less energy efficient

Extremely durable

Table 22. Comparison double- and triple pane windows [8]
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Although the triple glazed window has a lot of good characteristics the team has finally decided that it
would use double glazed window units to save cost on the house, and in Labastide-Chalosse (Landes,
France (40700)) there is no need for triple glazed windows according to the climate.
To design the frame of the windows the team have to decide between three materials: aluminium, steel
or PVC. In Table 23, the main characteristics of the materials are compared to each
other:http://www.zarges.com/en/company/jobs-and-careers/job-offers/
Aluminum

Steel

PVC

Durability

Very good

Very good

Moderate

Deformation

Ideal for lowtemperature
conditions in that it
retains its toughness
and its hardness
even increases.

The melting point is
much higher than
that of aluminium.
Also stable at low
temperatures

Regular plastics are not
fireproof, melt and burn
quickly. Plastics quickly
become brittle at low
temperatures.

Heat
conduction

Very good,
therefore suitable
for applications in
which heat has to be
removed.

Moderate

Very low, thus good
insulating property

Table 23. Comparison aluminum, steel and PVC frame windows [9]

The team decides to choose PVC because of the low heat conduction and also because the PVC is
affordable.
The window glazing U-values can be 2,7 [W/(m²K)] or 1,3 [W/(m²K)]. The first U-value is found for a
glazing with two layers of glass which thickness is 4 mm, without low emissivity coatings and argon in the
cavities which thickness is 12 mm. The configuration name is 4-12-4 , shown in Table 24.
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Figure 11. Cross-section of the window

The second U-value, 1,3 [W/(m²K)] is found for a glazing with two layers of glass which thickness is 4 mm,
one low emissivity coatings and argon in the cavities which thickness is 12 mm. The configuration name
is 4-12-E4-, as you can see in the Table 24.
In both designs the spacer is Swiss spacer.

2

Table 24. Glazing U-Value [W/(m k)]

The cost for the window is
Double layered glass26: 60,22

€
m2

· 2 m2 = € 120,44 𝑝𝑒𝑟 𝑤𝑖𝑛𝑑𝑜𝑤 ≅ € 121 per window

Window frame27: € 316,92 per window ≅ € 317 per window
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2.5 Conclusion
After the team has considered the many different materials and comparing them with the selected
criteria, some materials have been chosen to insulate the house with. Following now are the conclusions
for each of the structure elements within the envelope of the house.
Walls
Scenarios

Thickness
[cm]

Cost
[€]

Utotal-value
[W/m2K]

1. Masonry with EIFS
(External Insulation and
Finish Systems) using
EPS 100

34,50

9508

0,136

2. Masonry with EIFS
(External Insulation and
Finish Systems) using
glass wool

49,50

6832

0,116

3. Porous concrete
element using EPS 100

41,30

5084

0,113

4. Porous concrete
element using glass
wool

41,30

5517

0,124

Table 25. Scenarios for the wall

To decide what kind of wall the team will use in the house, the team made a decision matrix because the
walls were the most difficult to compare with each other. Looking back at Table 11 (chapter 5.1.5) the
best method that can be used is the third scenario, this due to the fact that the U-value is low. This will
save money on the heating bill every year.
The second best option is the fourth scenario. This scenario, in comparison with the other scenarios, is
average on all criteria. This is why it is a good scenario, because the thickness is just as big as the best
solution, the price does not increase that much and the U-value is still within the boundaries of the
Passive House Institute.
As for the other options, the first scenario is not chosen because of the price. In comparison with the
other scenarios, this is the most expensive scenario of the lot and has the worst U-value. The second
scenario has a very good U-value, but its price is on the expensive side and the wall itself is to thick.

34

THERMAL SIMULATION REPORT
Roof
Scenarios

Thickness
[cm]

Cost
[€]

Utotal-value
[W/m2K]

1. Glass Wool Sprayed
Insulation

67,30

8910

0,106

2. Cellulose Sprayed
Insulation

67,30

8688

0,106

Table 26. Scenarios for the roof

The first choice is the glass wool sprayed insulation because the U-value is within the boundary. The Uvalue will improve to 0,084 [W/m2K] but the cost will increase from € 8910 to € 9125.
In the second option, with the cellulose sprayed insulation, the cost is less. In this case, the U-value and
thickness have the same value. It is also possible to reduce the U-Value if the thickness of the insulation
material is increased by 10 [cm], the U-Value then becomes 0,084 [W/m2K], but the cost will increase
from € 8688 to € 9266.
Floor
Thickness
[cm]

Cost
[€]

Utotal-value
[W/m2K]

1. Floor slab with
insulated upper side

68,40

9321

0,158

2. Floor slab with
insulated underside

72,90

6584

0,147

68

6045

0,068

Scenarios

3. Supergrund

Table 27. Scenarios for the floor

The first choice is Supergrund because the U-value is less than the others. Also the thickness is the
smaller value in comparison with the others. The cost can be decreased because of the thickness of the
insulation material and also the U-value is within the limits. If the thickness changes to 58 [cm], by
removing one layer of EPS, the U-value becomes 0,088 [W/m2K] so it is still within the boundary.
The second choice is the floor slab with insulated underside because the U-value is within the
requirements and the cost is lower in comparison with the others.
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Windows
Thickness
[cm]

Cost
[€]

Utotal-value
[W/m2K]

1. No low emissivity
coating with argon (412-4)

48

438

0,80

2. Low emissivity
coating with argon (412-E4)

48

438

0,80

Scenarios

Table 28. Scenarios for the windows

Total house
Scenario A:
The team chooses in scenario A to have the U-value as low as possible. It costs a little bit more to
construct, but in the long run the client will save money from the good insulation. This due to the heating
system performing at a lower rate because it needs to heat the house up less.
Thickness [cm]

Cost [€]

Utotal-value [W/m2K]

Walls:
Porous concrete
element using EPS 100

41,30

5084

0,113

Roof:
Glass Wool Sprayed
Insulation

67,30

8910

0,106

Floor:
Supergrund

68

6045

0,068

Windows:
Low emissivity coating
with argon (4-12-E4)

48

438

0,80

Scenarios

Table 29. Scenario A in the total house

The total cost of scenario A is:
5084 + 8910 + 6045 + (438 · 7) = € 23.105
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Scenario B:
In this scenario most elements are chosen because of the price to pay for them. This scenario contains
the cheapest options for the envelope of the house. All of the U-values are within the boundaries set by
the Passive House Institute.
Scenarios

Thickness [cm]

Utotal-value [W/m2K]

Cost [€]

Walls:
Porous concrete
element using glass
wool

41,30

5517

0,124

Roof:
Cellulose Sprayed
Insulation

67,30

8688

0,106

Floor:
Floor slab with
insulated underside

72,90

6584

0,150

48

438

0,80

Windows:
No low emissivity
coating with argon (412-4)

Table 30. Scenario B in the total house

The total cost of scenario B is:
5517 + 8688 + 6584 + (438 · 7) = € 23.855
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3. Thermal Results
With the thermal simulations the team achieved these results using the software Clima-Win™. The
results show that the materials chosen for the house have achieved the Passive House requirements and
are in compliance with the regulations of the city. In Figure 12 , the final results of the final design can be
found.

Figure 12 Thermal Simulation result 1

In Figure 12 the consumption of the different house systems is shown. The consumption of the
house systems are as follows:
The heating system consumes 34,00 kWh/m2/year, the “ECS” 10,30 kWh/m2/year, the “éclairage”
5,30 kWh/m2/year and the “auxilaires” 6,80 kWh/m2/year.
The total consumption of the house is 56,4 kWh/m2/year, but the generated power from the solar
panels is 57,4 kWh/m2/year. In total it generates 1 kWh/m2/year more. Turning the house from a passive
house into a positive house. A positive house is a house that generates more energy than it consumes.
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Appendix A: Information materials
1.

Walls:

1

EIFS (External Insulation and Finish Systems):
http://www.generadordeprecios.info/obra_nueva/Fachadas_y_particiones/Fachadas_ventiladas/FAY_Si
stemas_de_placas_de_yeso_lam/FAY020_Sistema_Placotherm_V_EGRG__PLACO__d.html
2
Brick:
http://www.generadordeprecios.info/obra_nueva/calculaprecio.asp?Valor=1|0_0_0_1|1|FEF010|fef_0
10:c3_0_50c7_0_1c5_0_1_0_0
3

EPS100:

http://insulationcart.com/product/eps-boards/basements-189/100mm-jablite-jabfloor-eps100polystyrene-insulation-board-2400x1200-pack-of-3/
http://spsenvirowall.co.uk/assets/technical-resources/315-SPS-Envirowall-Price-List-2016.pdf
4

Plastering system (BA13):

https://www.leroymerlin.fr/v3/p/produits/plaque-de-platre-nf-2-5-x-1-2-m-ba13-entraxe-60-cme155877
5

Glass wool:

http://www.generadordeprecios.info/obra_nueva/Aislamientos_e_impermeabilizaciones/Aislamientos_
termicos/Fachadas_y_medianerias/NAF070_Aislamiento_termico_para_cerramient.html
6

Porous concrete:

https://passipedia.org/planning/thermal_protection/integrated_thermal_protection
2.

Roof:

7

Roof covering (tiles):

http://www.generadordeprecios.info/obra_nueva/calculaprecio.asp?Valor=0_0_1_2_3|0_0_0_0_1|0
|QTT020|qtt_020:_0_15c6_0_10_0_0_1c4_0_13c15_0
8

Cross Wood beam:

http://www.renovationettravaux.fr/prix-charpentes-au-m2-traditionnelle-fermette
9
Glass Wool Sprayed Insulation:
https://www.leroymerlin.fr/v3/p/produits/laine-de-verre-a-souffler-knauf-insulation-16-6kg-r-variableselon-l-epaisseur-e1400003830
10
Cellulose Sprayed Insulation:
http://shop.planete-isolation.com/26-ouate-de-cellulose#/epaisseur-30_cm/pose-non/quantite-115
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3.

Floor:

11

Concrete:
http://oceanconcrete.com/price-list
12
Reinforcement for the concrete:
http://www.remodelingexpense.com/costs/cost-of-concrete-reinforcement/
13
Drainage:
http://www.growinggreenguide.org/technical-guide/design-and-planning/cost/
14
Aluminium plate:
https://www.mcb.eu/nl/metaal/aluminium/platen/vlak/diversen/aluminium-plaat-band-en-aw-5754h22/p/2800-0020?thickness=4.0
15
PE soft foam:
http://www.usafoam.com/closedcellfoam/polyethylene.html
16
Cement screed:
http://www.constructionrates.co.uk/Rate_Gen/Screeding@constructionrates.co.uk.html
17
Radon barrier:
https://www.build4less.ie/building-products/dpm-radon-barrier-geo-textile/radon-barrier/radonbarrier-4m-x-20m-iab.html
18
Hardcore:
http://www.sandandgraveldirect.co.uk/index.php/aggregates/hardcore/type-1.html
19
PE film:
https://wholesaler.alibaba.com/product-detail/PE-Protective-film-for-hard-floor_1898902014.html
20
Mineral wool:
http://c.ymcdn.com/sites/www.polyiso.org/resource/resmgr/cptg_2013/mineral_wool_residential_and.
pdf
21
Foam glass:
http://www.bpindex.co.uk/res/pdfs/b56b88b2532dde.pdf
22
Polymer bitumen:
http://www.costowl.com/home-improvement/roof-bitumen-cost.html
23
Filter fabric:
http://www.homedepot.com/p/3-ft-x-300-ft-Black-Polypropylene-Non-Woven-Filter-Fabric-35-3300/204277155
24
Construction paper:
http://www.homedepot.com/p/Fortifiber-500-sq-ft-Aquabar-B-Tile-Underlayment-Roll-70195/202592567
25

Sand BInding:
https://www.cardigansand.co.uk/products/blinding-sand
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4.
26

Windows:

Window glass:

http://www.generadordeprecios.info/rehabilitacion/calculaprecio.asp?Valor=1|0_0_0_0|0|LVC020|lvc_
020:_0_0_1c5_0_1_1_0_0_2_1_0_0
27

Window frame:

http://www.safechoice.co.uk/double-glazing-price-calculator.aspx
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1. Introduction
In this document the 3D model of the house is described. The team uses the program SketchUp™ to
realise the 3D model of the house. First in the document, the final 2D house plans are shown on which
the 3D model is based.
Following that is the methodology on how the 3D model has taken shape, what phases are part of
designing this model and what choices have been made during the modelling of the house.

2. 2D House Plans

Figure 1 2D house plans

In Figure 1 is the final 2D design of the house shown. With this design in mind the 3D model has been
made. As can be found in the design, the house is in line with the garage. This makes it easier to build a
3D model, because the building does not have any weird shapes and angles.
In the following chapter how the model has been made is explained step by step. This to create an
overview of the progress of designing the 3D model of the house.
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3. 3D CAD design methodology
The software used to carry out this 3D CAD model is SketchUp™, which is free and based on drawing
lines and shapes that can be pushed and pulled in order to turn them into 3D forms. Within this 3D
model some furniture- and other models, for instance the cars, have been used. These are available for
free on: [https://3dwarehouse.sketchup.com][1].
All the elements used from [https://3dwarehouse.sketchup.com] are listed in the check list below:













Cars in the garage
All the doors including the one in the garage
All the windows
Couch
The kitchen
All the chairs
All the beds
All the tables including the terrace one
All the wardrobes
TV
Toilet
Shower
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3.1 Different stages
In this chapter the method used in every stage will be explained as well as the reasons why these
methods have been chosen.

Stage 1: Land design
Within this stage the land has been designed including the client’s sister’s land as is shown Figure 2.

Figure 2 Land plan

The straight line in the middle of the land represents how the land is divided and in the side where
the walls of the house are shows the land that belongs to the client.
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Stage 2: Exterior walls and holes for windows and doors
During the second stage the exterior walls of the house and the garage have been designed, shown
in Figure 3, with a thickness of 40 cm in order to reach an excellent insulation of the house, the lines
inside the house represent the interior walls that separate the rooms and the holes where all the
windows and doors will be located are also represented in this stage.

Figure 3 Exterior walls

As is shown in the picture, the hole in the north side of the garage is the biggest because the door
must allow the client to park the car. The garage is big enough for two cars to be parked there.
The main entrance of the house is located in front of the east garage door.
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Stage 3: Doors and windows
In stage 3 all the windows, shown in Figure 4, have been chosen from the database provided by
SketchUp™ mentioned in the introduction of this chapter.

Figure 4 Doors and windows

The window surface in the north wall is 17,3 m2 and the total wall surface on the north side is 75,72
m2, including the garage, consequently the requirement of having at least 1/6th (16,7%) of the surface
with windows is achieved because 22,83% of the wall is windows.
The garage door is also set in this stage, the dimensions are 5,27 by 2,30 metres.
The biggest window on the south side is also a door which works as a link between the terrace and
the living space area.
The colours of the exterior walls have also been modified.
Only the doors of the garage and the door of the main entrance have been set in this stage.
Furthermore, the interior walls of the technical room have been designed in order to begin the
furniture choice in the following stage.
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Stage 4: Living space area furniture
Once all the exterior walls were designed as well as the interior walls of the technical room, the
furniture for the living space area, that includes the kitchen, dining room and living room, were chosen
and resized with the aim of obtaining a comfortable living space area with at least 1 metre between any
pieces of furniture.

Figure 5 Living space area furniture

The couch has been placed in the South West corner, this way the best view can be seen from the
couch.
Just behind the couch is the dining room, as is shown in Figure 5, and next to the dining room is the
kitchen located. The kitchen consists of main devices like a refrigerator, freezer, dishwasher, oven,
electric stove and cooking island. The kitchen is on the north side, since it is not extremely important to
have the best view from the kitchen window.
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Stage 5: Spare room
The next step is to design the spare room next to the dining room, shown in Figure 6. The team has
chosen to portray this room as an office as a possibility for this room. By placing the desk at the window,
the client can enjoy a nice view of the south side of the land while working. He can also store some
books or movies in this room by using a closet.

Figure 6 Spare room

Stage 6: Master bedroom
The room next to the spare room, also located in the south, is the master bedroom as is shown in the
Figure 7. Due to one of the client’s requirements the master bedroom has a walk-in-closet directly next
to it. The window of 2 by 2 metres in the room will allow the client to enjoy the south view and have
natural light as well.

Figure 7 Master bedroom
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Stage 7: Spare bedroom
The only single bedroom of the house, shown in Figure 8, is next to the master bedroom and consists
of a bed, desk and wardrobe in this design. The client can choose himself what he wants to do with this
room, he can make the room an office for example and the other spare room an extra bedroom.

Figure 8 Spare bedroom

Stage 8: Toilet and bathroom
The toilet and the bathroom, shown in Figure 9, have been designed at the same time on the north
side of the house. One of the client’s requirements is not to have the toilet in one of the corners in order
to make it easily accessible from any point of the house. The bathroom and toilet are as far as possible
away from the master bedroom, this to reduce the noise of the shower and the flushing of the toilet.

Figure 9 Toilet and bathroom
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Stage 9: Technical room and exterior walls colour
In the technical room the following devices can be found:
 Washing machine
 Dryer
 Interior unit of the heat pump
 Photovoltaic energy storage
 Closet
 Distribution panel

Figure 10 Technical room

The technical room, shown in Figure 10, is located in the far west corner for the reason that the
distance between the technical room and the electricity network post must be less than 28 metres,
otherwise the cost of the cabling from the post to the house would be much more expensive.
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Stage 10: All furniture
After having done the previously mentioned stages, the rest of the furniture has been placed and are
shown in the Figure 11 and Figure 12.

Figure 12 All furniture 2

Figure 11 All furniture 1

Stage 11: Wall colours
In this stage the exterior wall colour has been modified in order to meet the city regulations, since
this colour must be in the range from white to orange. The interior walls have been designed and
painted in white.

Figure 13 Wall colours 1

Figure 14 Wall colours 2
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Stage 12: Roof design and ventilation heat recovery (VHR)
In this stage the roof, the ventilation heat recovery device, the holes to supply and extract the air
and the door in the roof of the technical room have been designed, shown in Figure 15.

Figure 15 VHR attic

The holes for the fresh air suppliers are located between the couch and the dining room, in the
master bedroom and in the bedroom. The holes for the exhaust air extractors are in the kitchen and the
bathroom, because the air in these places is warmer than in any other place of the house. Due to this
heat the VHR (located on the kitchen) is able to transfer the heat to the fresh air that enters the house.
In the roof of the technical room a door can be found, which is a requirement from the client. This door
is the access to the attic.
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Stage 13: Roof design and terrace
In this stage the roof is finished and the terrace is designed, shown in Figure 16. The terrace consists
of one table, some chairs around the table, one umbrella and a barbecue.

Figure 16 Roof design and terrace

The slope of the roof is 30° because it is one of the city regulations. With this slope photovoltaic
panels are capable of taking the maximum solar energy.
As is shown in the picture, the roof is further extended from the exterior walls in order to protect the
windows from the sun because in this way the house will not be overheated and the cooling system is
not going to work as much as when the extended roof was not there.
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Stage 14: Photovoltaic panels
15 photovoltaic panels have been placed on the south side of the roof, shown in Figure 17, to catch
the necessary energy to make the house passive according to the passive house institute standards.

Figure 17 Photovoltaic panels

The total surface of photovoltaic panels is 24,45 m2, which is the proper surface that allows the
house to use 75kWh/m2 /year from the GRID and the rest of the needed energy is provided by the solar
energy.

Stage 15: Entrances
To conclude the 3D model the two entrances, one for cars and the other for people, are located in
the North West corner of the land, shown in Figure 18. A road has been designed to go straight from the
land’s entrance to the garage and a path of stones leads from the land’s entrance to the main entrance
of the house.

Figure 18 Entrances
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4. Conclusions
With the 3D model finished the team can provide a global and furnished overview of the house.
As is mentioned before the software used to design the 3D model has been SketchUp™ which has a
database where all the needed furniture can be found, due to this fact 3D modelling has become easier
and has reduced the time needed to make the 3D CAD model.
Some of the city regulations, Passiv’ Haus requirements and client requirements are represented in
this 3D model.
Regarding the city regulations:
Requirement
The exterior wall colour is between white and orange
Windows are higher than their width
Wood is not used on the exterior sides of the house
Beginning of the house is 3 metres away from the road
Less than 7,5 metres of height
Tile roof covering

Status
Yes
Yes
Yes
Yes
Yes
Yes

Table 1 City regulations checklist

The Passiv’ Haus requirements represented in this 3D model are as follows:
Requirement
Well insulated
No thermal bridges
Well insulated windows
Ventilation heat recovery

Status
Yes
Yes
Yes
Yes

Table 2 Passiv' Haus requirements checklist

The client’s requirements represented in this 3D model are as follows:
Requirement
Only ground floor
Door in the technical room ceiling
Size of the rooms and the house
Table 3 Client's requirements checklist
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1. Introduction
The aim of this document is to explain all the technical aspects done by the team during the project
in order to provide a clear overview of the steps followed to reach the final design of the house.

2. City regulation Introduction
The aim of this chapter is to define the city regulations of Labastide-Chalosse (Landes, France
(40700)) [1], where the passive house might be built, and the passive house requirements are also
explained [4].
The city regulations of Labastide-Chalosse explain what is allowed in this village. Greenit&Co has
studied these regulations in order to design the house according to these regulations.
The passive house requirements are explained in this document because the team has to respect
these requirements to achieve that the house is classified as a passive house.

3. City Regulation
3.1 Architectural Style
The city has a specific architectural style as the team has seen during the visit to the land. The
colours for the walls should be light, between white and orange (shown in Figure 1 and Figure 2). The
height of the building has a maximum of 7,5 meters. Next to the city regulations the team also takes
the requirements from the end client into account during the designing of the house. The end client
added the requirement of having only one floor: the ground floor.
It is forbidden to use wood in the house design, because it is not allowed by the city regulation.
Consequently other materials must be considered to make the design.

Figure 1. Architectural style in the village
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Figure 2. Architectural style in the village

3.2 Roof
The roof covering must be tile, which in French is called “tuile
provençale” (shown in Figure 3).
The slope of the roof has to be 30° and due to this slope the solar
panels will have a higher efficiency.
Figure 3. Detail for the
"tuile provençale" [2]

3.3 Windows
There is a city regulation regarding the windows, it states that the height of the window should
be bigger than the width.

3.4 House Situation
According to the city regulations it is not allowed to have the beginning of the house between 0
to 3 metres from the road. It is only allowed to build the beginning of the house in line with the road
and otherwise 3 metres or further away from the road.
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4. Passive House Requirements
4.1 Introduction
For this project the Passiv’ Haus concept is the main subject concerning the design of the house.
The three most important points within the Passiv’ Haus concept is that a passive house should be
energy efficient, comfortable and affordable.
In 1991, Dr. Feist was the first person to build a passive house. In late 2008 there were
approximately 15.000 to 20.000 passive houses around the world and in August 2010 there were
approximately 25.000 passive houses around the world. The amount of passive houses has been fast
increasing the past couple of years and the concept has become more popular over the years. This is
due to the increasing interest in energy efficiency and environmentally friendly products and
services.
To build a house according to the Passiv’ Haus concept, also shown in Figure 4, the following is
needed:
1. Proper insulation
2. No air leakages
3. No thermal bridges
To achieve the above three points the following can be done:
1. Proper windows
2. Proper orientation and shading
3. HRV (Heat Recovery Ventilation)

Figure 4. Passiv' Haus concept [3]
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4.2 Requirements
There are four main requirements which have to be considered:
1.
2.
3.
4.

Heating and cooling
Primary Energy Demand
Airtightness
Thermal comfort

Following now is a short description on every requirement. A passive house must meet all of
these to receive the certificate of: “Passiv’ Haus.”
4.2.1 Heating and cooling
There are limitations on heating up the house and there are different ways to heat up a house.
For a house to consider itself a passive house the Space Heating Energy Demand cannot exceed 15
kWh/m2/year.
There is also a limitation on the amount of electricity that can be supplied to the cooling system,
like the heating the Space Cooling Energy Demand may not exceed 15 kWh/m2/year. This includes a
dehumidification system as well. A dehumidification system is needed because cold air is a bit more
wet than warmer air. This can result in mold forming inside the house.
It is allowed to use wood as a heating method, if the total livable surface of the house is less
than 100 m .
2

4.2.2 Primary Energy Demand
The Primary Energy Demand or PER is the energy used by all the domestic applications (heating,
hot water and domestic electricity) this demand cannot exceed 60 kWh/m2/year.
4.2.3 Airtightness
To retain thermal comfort it is important to have a high level of airtightness. If there are air
leakages inside the house the heating or cooling systems need to work overtime to retain the
comfortable temperature. To achieve passive house standards there is only allowed to be 0,6 air
changes per hour at 50 Pascals.
4.2.4 Thermal comfort
Thermal comfort concerns the range of the temperature in a house. It’s important to have
thermal comfort, this to make living in the house more pleasurable. The temperature may not
exceed 25°C for 10% of the hours in a full year. [4]
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4.3 Method of verification
These main requirements need to be verified by a Passive House Certifier. Certifiers can only be
trained and certified by the Passive House Institute.
“For certification, the building plans, regional climate data set for the building’s location, and
performance values of the components used (windows, ventilation, etc ) must be entered into the
PHPP. The certifier then checks this completed PHPP for correctness. If data is missing or cannot be
supported with evidence, the certifier is obligated to request this information. With the PHPP, the
certifier can see if the building, as planned and with the values provided, is a certifiable Passive
House. If not, the certifier may offer suggestions for how to improve the design while still in the
planning phase, which is a great advantage – both heightening quality assurance and helping to avoid
costly errors. The only aspect of certification that must actually be done on-site is the airtightness
test, but this must be carried out by an independent third party (not the certifier).”
(International Passive House Association (n.d.), Passive House Certification. Retrieved from
https://passivehouse-international.org/index.php?page_id=290#Certification).

4.4

Conclusions

The regulation study makes clear what Greenit&Co has to take into account during the designing
phase of the house. The regulation study consists of the city regulations and the Passiv’ Haus
requirements.
The city regulations cover the architectural part of the house. In the city regulations the style of
the house is described concerning what kind of house is allowed to be built on the client’s land in
Labastide-Chalosse. The city regulations were created by the village department.
The Passiv’ Haus requirements cover the energy consumption part and how to achieve the right
consumption level with energy sufficient mediums. The Passiv’ Haus requirements were created by
the Passive House Institute. This institute can also give a house the “Passiv’ Haus” certificate if the
house meets the Passiv’ Haus requirement points.
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5. House systems introduction
The aim of this chapter is to describe the chosen house systems for the Passiv’ Haus that has
been designed for the client. These systems include power generation, heating, ventilation and
lighting.
Greenit&Co has studied these systems to make the best choice possible for the Passiv’ Haus
within the given budget.

5.1

Usage

The first step was to calculate the estimated needed power for the house. With these values the
rest of the systems could be chosen. The needed usage is as follows:
“Annual consumption of electrical appliances in the kitchen
Type of appliance

Capacity

Length of use

Consumption/
year

Combi fridge-freezer A+

150 to 200 W

365 days-continuously

201 kWh

Dishwasher

1200 W

48 weeks - 5x per week

288 kWh

Coffee machine

500 to 1000 W

335 days - 10 mins./day

42 kWh

Cooker hood

70 to 150 W

335 days - 40 mins./day

25 kWh

Microwave oven

1000 to 1500 W

48 weeks - 1,5 h/week

90 kWh

Conventional electric oven

2000 to 2500 W

48 weeks - 1,5 h/week

162 kWh

Total (Capacity average
for each one)

5735 W

808 kWh

Table 1 Annual consumption of electrical appliances in the kitchen

Annual consumption of electrical appliances in the living room
Type of appliance

Capacity

Length of use

Consumption/
year

LCD TV (On)

90 to 250 W

335 days - 4 hours per day

241 kWh

LCD TV (In sleep mode)

3W

365 days - continuously

22 kWh

Low-energy light bulbs

12 W

335 days - 5 hours per day

20 kWh

365 days - continuously

277 kWh + 112
kWh = 389
kWh

TVD/ADSEL decoder

Total (Capacity average
for each one)

185 W

672 kWh
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Table 2 Annual consumption of electrical appliances in the living room

Annual consumption of electrical appliances in the laundry room
Type of appliance

Capacity

Length of use

Consumption/
year

Tumble dryer C

2500 to 3000 W

32 weeks - 2x per week

192 kWh

Washing machine A+++

2500 to 3000 W

48 weeks - 4x per week (0,9
kWh/cycle)

173 kWh

Iron

750 to 1100 W

48 weeks - 5 hours per week

260 kWh

Vacuum cleaner

650 to 800 W

48 weeks - 2 hours per week

70 kWh

Total (Capacity average
for each one)

7150 W

695 kWh

Table 3 Annual consumption of electrical appliances in the laundry room

Annual consumption of electrical appliances at the office
Type of appliance

Capacity

Length of use

Consumption/
year

Computer with flat screen
(on)

70 to 80 W

240 days - 4 hours per day

72 kWh

Computer with flat screen
(In sleep mode)

3W

365 days - continuously

25 kWh

Low-energy light bulbs

15 to 25 W

365 days - 5 hours per day

34 kWh

Mobile phone charger

5W

365 days - 1 hour per day

1,85 kWh

Total (Capacity average
for each one)

103 W

132,85 kWh

Table 4 Annual consumption of electrical appliances at the office

Annual consumption of electrical appliances in the bedroom
Type of appliance

Capacity

Length of use

Consumption/
year

Computer with cathode
monitor (on)

100 to 120 W 110

240 days - 4 hours per day

106 kWh

Computer with cathode
monitor (In sleep mode)

40 to 60 W 50

365 days - continuously

400 kWh

Radio alarm

3 to 6 W 4,5

365 days - continuously

20 kWh
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Total (Capacity average
for each one)

164,5 W

526 kWh

Table 5 Annual consumption of electrical appliances in the bedroom

Annual consumption of electrical appliances in the bathroom
Type of appliance

Capacity

Length of use

Consumption/
year

Electrical shaver

8 to 12 W

335 days - 5 mins./day

0,3 kWh

Hairdryer

300 to 600 W

48 weeks - 30 mins./day

11kWh

Total (Capacity average
for each one)

1960 W

191,3 kWh

Table 6 Annual consumption of electrical appliances in the bathroom

“ Energuide.be, How much energy do my household appliances use?, retrieved from
https://www.energuide.be/en/questions-answers/how-much-energy-do-my-household-appliancesuse/71/
The heating of the house and domestic hot water production will need 4,4 kW. The VHR will need
80 W. Both capacities can be found in Chapter 4 Heating and ventilation.
The total capacity has been calculated by adding up the different capacities of the different
electrical systems in the house that will need power. When there was a range given, the average has
been taken for those values. The total capacity 13.797,5 W (13,8 kW), but with the heating system
included this comes to a total of 17.877,5 W (17,9 kW).
Once the total capacity is calculated, a coefficient of 0,3 is applied to this number since not all
the appliances are working at the same time:
17877,5 𝑊 ∗ 0,3 = 5363,25 𝑊
The power that can be used from the GRID (75 kWh/m2/year) must be subtracted from 5363,25
W because the calculation in order to obtain the number of solar panels did not take into account the
power used from the GRID:
75 𝑘𝑊ℎ/𝑚2/𝑦𝑒𝑎𝑟 ∗ 115 𝑚2 = 8625 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟
Now we transform this consumption into a capacity to subtract it from the total capacity:
8625 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟
= 984,6 𝑊
8760 ℎ/𝑦𝑒𝑎𝑟
5363,25 𝑊 − 984,6 𝑊 = 4378,7 𝑊
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5.2

Power generation

There are multiple green power generation options. Think of power generation by water, wind or
sun, where sun is the most common used for residential purposes. Since power generation by water
or wind is not possible for this project, photovoltaic solar panels have been chosen for this task. This
due to the fact that the client’s land has a high amount of sun irradiation.

5.2.1 Working principle PV solar panels
The working principle of photovoltaic (PV) solar panels is as follows:
These panels are made up of many solar cells, which are made of silicon, like semiconductors.
The solar cells are constructed with both a positive and negative layer, that together create an
electric field. The moment photons hit a solar cell, the photons will knock the electrons loose from
their atoms. An electric circuit is formed if the conductors are attached to both the positive and
negative sides of a cell. Energy is generated when electrons flow through that kind of circuit. Multiple
cells, as mentioned before, make up a solar panel and multiple panels, also known as modules, can
be wired together to form a solar array. The more panels, the more energy will be generated.

Figure 5 PV solar panels working principle [1]

Photovoltaic solar panels generate DC electricity (Direct Current), as is shown in Figure 5. In the
circuit, the electrons flow around in one direction. With AC electricity (Alternating Current) electrons
reverse direction and are pushed and pulled. Because the photovoltaic solar panels generate DC
electricity and AC electricity is used in the house, an inverter is needed to transform the electricity
from DC to AC. In case the Powerwall of Tesla is used a separate inverter is not needed, since this is
already in the Powerwall. [1]
An important aspect of solar panels is to minimize the shading on the panels. Solar panels will
have the best output when the whole surface is exposed to sunlight, but even in shading the solar
panels are still able to produce energy, it is in that case only less. [2]
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Because of the fact that the client’s land does not have any shading on the south side, the solar
panels will be able to generate an optimal output.

5.2.2 Different PV solar panel types
To make it possible to make a good decision regarding what type of PV solar panel would be the
best for the Passiv’ Haus, there has been looked at different PV solar panel types, of which there are
currently three main ones:
1. Monocrystalline panels
2. Polycrystalline panels
3. Thin Film panels
Monocrystalline has the oldest and most developed technology of the three PV solar panels
mentioned above. It also has the highest energy efficiency compared with the other two. Thin Film is
considered as the “worst” PV solar panel, this due to the fact that they have the lowest efficiency.
The energy output is low and more space is needed to get the same amount of energy generated by
the other two PV panels and to satisfy your energy needs. With this information the Thin Film will not
be further looked into.

Figure 6 Monocrystalline panel [3]

Figure 7 Polycrystalline panel [3]

The difference between monocrystalline panel, shown in Figure 6, and polycrystalline panels,
shown in Figure 7, are the way they are processed. Mostly the same materials are used, but where
the silicon for the monocrystalline panels are formed into bars and cut into wafers, fragments of
silicon are melted together to form the wafers for the polycrystalline panels.
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Table 7 Difference mono and poly [4]

Because of the fact that the cell of the monocrystalline panels are composed of a single crystal,
the electrons (that produce the electricity flow) have more room to move. This is the reason why
these panels are more efficient in comparison with polycrystalline panels. In the polycrystalline
panels there are many crystals in each cell, which means there is less freedom for the electrons to
move around.
To make a choice between monocrystalline solar panels and polycrystalline solar panels, the
advantages and disadvantages of both will be discussed in Table 8.
Monocrystalline
Advantages
Have the highest
efficiency rate (1520%), this due to the
fact that they are
made out of the
highest-grade silicon
Are space efficient*

Have a long lifetime,
can last up to 25 years
or perhaps even
longer

Polycrystalline
Advantages
Process to make
polycrystalline silicon
costs less and is
simpler

Monocrystalline
Disadvantages
Are the most
expensive option of
the two

Polycrystalline
Disadvantages
Efficiency is typically
14-16%

Are more efficient in
warm weather

Need more space to
have the same output
as the monocrystalline
panels
Have lower heat
tolerance, which
means that the
performance is worse
in high temperatures
than the
monocrystalline solar
panels
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Degradation of output
is less severe for
monocrystalline in
comparison with
polycrystalline panels.
Table 8 Mono- Polycrystalline panel comparison [3][5]
*However monocrystalline solar panels generate more energy when used in an array.

According to Table 8 and the research that has been done, the monocrystalline panels are the
better option. They are more energy efficient, are more space efficient, have a long lifetime and are
better resistant against heat and degradation. The only downside is that they are also the most
expensive according to the articles.
But more polycrystalline panels would be needed to have the same power generation as the
monocrystalline, which means the total cost might not be very different between the mono- and
polycrystalline. This will be further looked into in Chapter 3.3 PV solar panel comparison.
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5.2.3 PV solar panel comparison
In this chapter two comparison tables are discussed, showing the comparison between
monocrystalline solar panels and their prices and the comparison between polycrystalline solar
panels and their prices.
In Table 9 a comparison of different monocrystalline solar panels is shown.
Solar panel
BISOL BMO-300
[6]

BISOL Solar
panel BMO350 XL [7]

LG Solar panel
NeON®2 320W
Black [8]

LG Solar panel
NeON ®2 330W
[9]

Voltage (Voc)
Current (Ioc)
LengthxHeightxDe
pth
Max. efficiency
Power
Cells

39,9V
9,8A
1649x991x40mm

40,8V
10,19A
1686x1016x40m
m
18,6%
320W
Monocrystalline

40,9V
9,8A
1686x1016x40m
m
19,2%
330W
Monocrystalline

Tolerance
Frame colour
Background colour
Panel brand
Efficiency
Product warranty
Place of
manufacture
Price

-3%/+3%
Black
White
BISOL
17-19%
10 years
Europe

47,2V
9,65A
1966x991x40m
m
17,96%
350W
Monocrystallin
e
0/5W
Black
White
BISOL
17-19%
10 years
Europe

0/3%
Black
Black
LG SOLAR
17-19%
12 years
Asia

0/3%
Black
White
LG SOLAR
19-21%
12 years
Asia

€279

€295

18,35%
300W
Monocrystalline

Discounted: €189 €279
Normal: €219

Table 9 Monocrystalline solar panel comparison

In Table 10 a comparison of different polycrystalline solar panels is shown.
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Voltage (Voc)
Current (Ioc)
LengthxHeightxDep
th
Max. efficiency
Power
Cells
Tolerance
Frame colour
Background colour
Panel brand
Efficiency
Product warranty
Place of
manufacture
Price

I’M CONNECTED
Solar panel
260p [10]

BENQ AUO
Solar panel
265W [11]

ViaSolis PRIME
Solar panel
60P250 [12]

Solar panel
BISOL BSU270SW Solrif
[13]

38,60V
8,64A
1640x992x40m
m
16,05%
260W
Polycrystalline
0/3%
Grey aluminium
White
I’M.SOLAR
15-17%
12 years
Europe

37,7V
8,83A
1639x983x40m
m
16,4%
265W
Polycrystalline
0/3%
Grey aluminium
White
BENQ
15-17%
10 years
Europe

37,9V
8,60A
1682x1000x41m
m
14,86%
250W
Polycrystalline
0/3%
Black
Transparent
SOLITEK
13-15%
30 years
Europe

38,4V
8,75A
1692x1016x29m
m
15%
270W
Polycrystalline
0/5W
Solrif alu
White
BISOL
10 years
Europe

€199

€190

€229

€229

Table 10 Polycrystalline solar panel comparison

As is shown in the two tables, the polycrystalline solar panels can be a cheaper option, but since
they generate less power than the monocrystalline, there will be more needed to generate an equal
amount of energy. Since the quantity would have to be higher, the cost price will also be higher.
The efficiency of the monocrystalline is higher and as is mentioned in the previous chapter, they
will therefore need less space. Because of the aforementioned two points the monocrystalline has
been chosen as the solar panel type for this project.
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Comparison
The team has compared the final pricing and quantity of two monocrystalline panels from Table
9. The Solar panel BISOL BMO-300 and the BISOL Solar panel BMO-350. These two solar panels have
been chosen from the four, since they are the cheapest option out of the four and they are both
manufactured in Europe while the other two are manufactured in Asia, which means a higher
shipment cost.
Solar panel BISOL BMO-300:
The surface of the panel is:
1,649𝑚 ∗ 0,991𝑚 = 1,63 𝑚2
First the W/m2 are calculated according to Table 9:
300 𝑊
= 184,05 𝑊/𝑚2
1,63 𝑚2
The total surface that will be needed for the needed power to be generated by the solar panels,
calculated in Chapter 2 Usage, is calculated as follows:
4378,7 𝑊
= 23,8 𝑚2
184,05 𝑊/𝑚2
With this value the needed amount of solar panels can be calculated:
23,8 𝑚2
= 14,6 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙𝑠
1,63 𝑚2
This means that 15 solar panels are needed to generate the needed power for the house. This
means the total price for the solar panels is:
15 ∗ 219 = €3.285
BISOL Solar panel BMO-350 XL:
The surface of the panel is:
1,966𝑚 ∗ 0,991𝑚 = 1,95 𝑚2
The same calculation process as is shown above is used to calculate the quantity and pricing for this
solar panel.
350 𝑊
= 179,49 𝑊/𝑚2
1,95 𝑚2
4378,8 𝑊
= 24,4 𝑚2
179,49 𝑊/𝑚2
24,4 𝑚2
= 12,5 𝑠𝑜𝑙𝑎𝑟 𝑝𝑎𝑛𝑒𝑙𝑠
1,95 𝑚2
Which means that 13 solar panels will be needed in case this one is chosen. Which means the
price will be:
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13 ∗ 279 = €3.627
With the above calculations it has become clear that the cheapest option would be the Solar
panel BISOL BMO-300. This is why this PV solar panel has been chosen for this project, since the
cheapest option would be the best option according to the available budget.
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5.3

Heating and ventilation

The team has evaluated two different options for the heating and ventilation of the house. The
first option was a compact system, which is a combined system only using fresh air. The other option
was to have two separate systems instead of everything in the same system.
In this chapter both options are discussed as well as a calculation to calculate how much energy
is needed to heat the fresh air entering the house.

5.3.1 Calculation
According to the DIN 1946, the minimum air rate per person is 30 m3/h, the heat capacity of this
air is 0.33 Wh/mK and the maximum temperature, that the air coming in the house, can be is at 30K.
With these parameters the maximum heat capacity needed can be calculated as follows:
30 (

𝑚3
𝑊∗ℎ
𝑊
) ∗ 30 𝐾 = 300 (
)
) ∗ 0.33 ( 3
ℎ ∗ 𝑝𝑒𝑟𝑠𝑜𝑛
𝑚 ∗𝐾
𝑝𝑒𝑟𝑠𝑜𝑛

[14]

5.3.2 Compact system
In this chapter four ideas are described as well as a compact system model. These ideas are
recommended by the Passive House Institute in order to have a good indoor air quality, a
comfortable temperature and at the same time a good use of the space.

5.3.3 Ideas
The following ideas regard the different ways to set the compact system:[15]
1.
2.
3.
4.

Use the fresh air required for indoor air quality also for heating the building
Heating with the remnant energy of the exhaust air: Compact unit with heat pump
Heating using biomass: The pellet compact unit
Heating with condensing units: A compact unit using natural gas

Idea 1: Use the fresh air required for indoor air quality also for heating the building
To make the house energy efficient, ventilation heat recovery is really needed. This to use the
hot exhaust air to warm up the fresh air from outside that the ventilation system then heats up for
inside the house. If a heater for the supply air and domestic hot water boiler is added, a compact unit
is obtained.
For heat generation, many solutions can be chosen:




Use of a small heat pump (Compact unit with heat pump, see figure at left hand side)
Use of a small condensing burner (natural gas compact unit)
Use of a small combustion unit for biomass fuel (e.g. straw-pellets).

Idea 2: Heating with the remnant energy of the exhaust air: Compact unit with heat pump
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The heat in the exhaust air after the heat exchanger doesn’t yield very much heat because the
enthalpy is delivered by the humidity in the air which condensates. The heat requirement is very low,
so it can be realised almost completely by the remnant exhaust air enthalpy.

Figure 8 Compact unit with heat pump

There is only a small heat pump needed to provide enough energy to have a comfortable
temperature inside and all the hot water that is needed.

Idea 3: Heating using biomass: The pellet compact unit
By using biomass as a heat generation a high efficiency is reached but there is also one problem
of using biomass; the handling of the fuel.
There are many advantages of using this system:





The biomass oven ("fireplace") will run fully automatically as one is used to with modern
heating systems.
The place needed to store the fuel is quite small.
The combustion air required for the oven could be supplied by the ventilation system, too.
And the fuel gas could be discharged via the exhaust duct of the ventilation, too - no additional
chimney or fuel pipe would be needed.

All these advantages are available if and only if the peak load demand is very low.

Idea 4: Heating with condensing units: A compact unit using natural gas
The main advantage of using a gas stove is that a clean heat generator is used with natural gas.
The rest of the advantages are as follows:


Low combustion air volume is required. The ventilation system can easily supply this
combustion air.
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In the condensing combustion unit there will be condensation that has to be disposed to the
sink. But in a ventilation system with a heat recovery there already is a sewer pipe for the
condensation that may occur at the heat exchanger.
The fuel gas from the condensing combustion will need a fuel pipe. Again, this is already
available with the exhaust duct of the ventilation system: A precondition to use that is,
however, that the peak load is very small and there is only a small amount of fuel gas - and, of
course, there has to be a concept for security against back drafts.
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Summary
Heat pump [16]










Up to 50% reduction in CO2 emissions
For every 1kW of electricity fed into the heat pump we could get 3kW of heating energy.
Easy to install - self-contained unit only requiring water and electric connections
No gas supply, fuels or ventilation required
No need for groundwork or external pumps
3 phase option available (14kW)
Low maintenance
Designed for domestic use
Low noise - market leading 45dBA at 1 𝑚2

Biomass



Neutral source of heat because the CO2 realized in this process is equal to CO2 absorbed
during the tree’s growth.
Client has to buy the biomass once per week.

Natural gas


This is the less respectful option regarding to the environment

Because all of the aforementioned reasons the team would choose the heat pump as a heating
generation. A compact system model is explained in the following chapter.

5.3.3.1 Compact system model: GE Premium 1 RH(8270)
This chapter describes the main features of this model according to the datasheet that Genvex
Company has available on their website.

Description
As is explained in Idea 2 of the compact systems, this appliance consists of a heat exchanger, a
heat pump that is able to warm up and cool down the air, supply and extract air fans.
Energy from the extract air is transferred to the fresh air by a heat exchanger and then further
heat is provided to the air by the heat pump.

Product specification







Width - 1,373mm
Height - 601mm
Depth - 492mm
Weight - 105kg
Duct Spigot Size - 160mm
Duct Spigot Position - right hand side

The living space area is calculated as follows according to the data sheet:
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𝑚3
)
ℎ
𝑙𝑖𝑣𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 =
𝑅𝑜𝑜𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚) ∗ 𝐴𝑖𝑟 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒
𝑀𝑎𝑥 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (

According to the dimensions of our house we have obtained the following air flow by fixing the
dimension of the house:
𝑚3
172 ( )
ℎ
115 =
3 𝑚 ∗ 0,5/ℎ
The air flow provided by this model will be 172

m3
,
h

then looking into the table we define how the

system works:

Figure 9 Airflow compact system

Working with 50 Pa the system provides 172

m3
h

of fresh and good temperature air, working at

50%.
The price of this combined system is €9.140,74 [17]
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5.3.4 Ventilation Heat Recovery and heat pump
The option of having two separate systems instead of everything in one system is described in
this chapter. This option has been considered since the team also has to take the available budget
into account when looking at systems.
The system that was previously studied is more suitable for bigger houses with at least 260 m2,
therefore the system is oversized for the house of this project.
The following option consists of a Ventilation Heat Recovery (VHR) system to provide good
indoor air quality and to also keep a comfortable temperature. A heat pump is also needed because
the VHR does not provide enough heat itself for the house.

5.3.4.1 VHR
GES Energy 1 (Horizontal) (Z010339)
This system is suitable for houses where high temperature efficiency and low energy
consumption are required in our project.

Dimensions
The dimensions of this VHR are shown in the following picture in mm:

Figure 10 Dimensions VHR
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Capacity
With the help of analysing the graphs that have been provided by the company in the datasheet,
the team has been able to define how the ventilation heat recovery will work.
The blue line shows the consumption of energy for both fans and controller according to Passiv’
Haus regulations (0,45 W/m³/h = 1.620 J/m3).
The living space area is calculated as follows according to the data sheet:
𝑚3
𝑀𝑎𝑥 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ( )
ℎ
𝐿𝑖𝑣𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 =
𝑅𝑜𝑜𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚) ∗ 𝐴𝑖𝑟 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒
𝑀𝑎𝑥 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (

𝑚3
) = 𝑙𝑖𝑣𝑖𝑛𝑔 𝑎𝑟𝑒𝑎 (𝑚2 ) ∗ 𝑅𝑜𝑜𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑚) ∗ 𝐴𝑖𝑟 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒
ℎ

Fixing the dimensions of our house and air change defined by the datasheet we have obtained
the following air flow:
𝑀𝑎𝑥 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (

𝑚3
0,5
𝑚3
= 172 ( )
) = 115 (𝑚2 ) ∗ 3 (𝑚) ∗
ℎ
ℎ
ℎ

Figure 11 Airflow VHR

The VHR will work at 85% providing 172 m3/h of fresh air (as a maximum capacity) inside the
house which meets the requirement of having more than 30 m3/h.
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Figure 12 VHR power consumption

Once the parameters of the airflow (172 m3/h) and the performance (85%) are set, the power
consumption is calculated as is shown in the graph above. The power consumption is 80 W.

Figure 13 VHR heat recovery rate

Thanks to the VHR at the maximum capacity of 172 m3/h the heat recovery rate is 90%.

The price of this VHR is €2.652,13. [18]
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5.3.4.2 Heat pump
ALTHERMA MURAL 4 TO 8 KW
The air-water heat pump chosen by the team in order to warm up the water that will be in
charge to heat the floor and to provide domestic hot water consists of four main elements: outdoor
heat exchanger, indoor heat exchanger, compressor and expansion device. In this case the
refrigerant used is the R-410A, this refrigerant is capable of evaporating itself when it is outdoors
then the vapor is compressed by the compressor to raise the temperature and give this energy to the
water due to the indoor heat exchanger, once the heat is transferred into the water to warm the
house up, the refrigerant exists in a high pressure liquid, so finally thanks to the expansion device the
temperature and the pressure of the refrigerant is lower and the process starts again. An example of
how the air-water heat pump works is shown in Figure 14.

Figure 14 Air-water heat pump
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Specifications
COP
Maximum outdoor temperature
Range of powers that can be chosen
Weight
Alimentation
Current
Water temperature
Thermal power at 7oC (outdoor)
Weight
Refrigerant used
Current at 50Hz

5,04
-25oC
4/6/8kW
INDOOR UNIT
46 kg
230V, 50Hz
13A
15/55
OUTDOOR UNIT
6kW
56kg
R-410A
16A

Table 11 Specifications heat pump

The option of 4,4 kW has been chosen because it has the lowest consumption available on the
market and in this way the heat pump provides 38,26 kW/m2. This is more than what the passive
house standards require, but this consumption can be afforded due to the power provided by the
photovoltaic solar panels, located on the roof, so the energy to heat the house is renewable.
The price of the heat pump is €2.959,74. [19]

5.3.5 Conclusion
At this point of the project the team thinks that the best option to have a proper indoor air
quality and comfortable temperature inside the house would be the compact system. However these
kind of systems are specified to work in houses that have a living area of 260 m2. This means that it
would be oversized for the house that has been designed for this project.
The option that the team has chosen for heating and ventilation is the VHR and heat pump,
separately, because this is not oversized and it’s also the best economical option (with this option the
team saves €3.528,97 in comparison with the compact system).
The VHR produces 172 m3/h of fresh air, having a heat recovery rate of 90% which provides a
good indoor air quality to the house and also helps to reach a high thermal comfort level.
To complete the heating system the team has decided to have an air-water heat pump heating
the house by warming up the water and making it pass through tubes in the floor, the domestic hot
water is provided by this heat pump as well.
The total price of the heating system will be €5.611,77.
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5.3.6 Lighting
For lighting there are different options. Back in the day incandescent lighting, shown in Figure 15,
was most often used in homes, but this is not an energy efficient option due to the fact that they lose
a lot of energy through warmth instead of the actual lighting. Throughout the years the market has
developed and have brought energy efficient options for lighting. These energy efficient options are
CFL bulbs (Compact Fluorescent Lamps) and LED bulbs (Light Emitting Diode). These two kinds will be
further looked into in this chapter. [20]

Figure 15 Incandescent lightbulb
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5.3.6.1 Compact Fluorescent Lamps
If this name does not sound familiar, TL lights might. CFL bulbs, shown in Figure 16, are actually
compact TL lights.

Figure 16 CFL bulb

The process for CFL bulbs to be completely lit up can take 30 seconds to 3 minutes. This is why it
can seem to take the CFL bulbs a while for them to be completely lit.
CFL bulbs use 25-35% less energy and lasts 10 times longer than incandescent lights, and typically
CFLs have recovered their cost price within nine months, on which point they start to save money
each month.
These lights are available in a range of light colours, including white to yellow tones. [21]
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5.3.6.2 Light Emitting Diode
CFLs are a good energy efficient option, but LEDs are even better, shown in Figure 17.

Figure 17 LED bulb

LEDs, especially those that have been rated by ENERGY STAR, use 75% less energy and last
approximately 25 times longer than incandescent lighting. They produce far less heat in comparison
with the traditional incandescent lighting, which means the efficiency of LEDs are very good. It is also
possible to switch them on and off often, since they will light up immediately, while for example CFLs
need a certain amount of time to be completely lit and can therefore not be switched on and off as
often. [22]

5.3.6.3 Conclusion
It has become clear that the LED bulb is the better option concerning the lighting of the house.
LED bulbs have a high efficiency, especially when compared to other types of lighting, lasts a long
time and can be often switched on and off without having to wait for it to be completely lit.
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5.3.7 Conclusion
The different possibilities for the power generation, heating, ventilation and lighting systems
have been presented and discussed in the previous chapters, followed by a choice for the different
house systems. In this conclusion the final choices are presented.
For the PV solar panels the Solar panel BISOL BMO-300 has been chosen, this due to the fact that
it’s efficient and has the lowest cost compared to the other options. It is also manufactured in
Europe, which means lower shipment expenses when compared to other options that are
manufactured in Asia. For this PV solar panel option the needed quantity is 15. Normally a passive
house has between 15 to 25 solar panels on the roof. The price of this PV solar panel option is also
the cheapest, compared to the other BISOL option.
The heating system will heat the house as well as the hot domestic water due to the air-water
heat pump chosen by the team. This heat pump is the ALTHERMA MURAL 4 TO 8 KW heat pump and
it will have a consumption of 0,87 kW and will provide 4,4 kW to the house.
The ventilation system consists of a ventilation heat recovery that will allow the house to have a
good indoor air quality and will also use the heat in the exhaust air to transfer it to the fresh air going
into the house. The chosen ventilation system is GES Energy 1 (Horizontal) (Z010339). The
consumption of this ventilation is 80 W and works with the maximum air flow of 172 m3/h the heat
recovery rate will be 90%.
For the lighting there has been chosen for LED bulbs, since these are the most efficient, have a
long durability and can be switched on and off more often and faster compared to the other option;
CFL.
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6. Land visit report introduction
The aim of this report is to explain all the information about the land on which the house will be
build. The house is situated in Labastide-Chalosse (Landes, France (40700)). The team has visited the
land in order to see the situation of the public networks, the environmental parameters, the
orientation of the plot and to take measurements of the land. In this report the land’s register plans
are also included.

6.1

Description of the land

In this chapter the land that concerns this project is described and shown through pictures that
were taken during the land visit. These pictures show the east, south, west and north view of the
land and give an overview of the environment and surroundings. The entrance of the land is only on
one part of the land, towards the west. The entrance is situated closely to the main electric
connection.
The team only needs to take a classic fence limitation into account, but does not have to design a
fence or include this in the design plans.

Figure 18 East view

The east view of the land, shown in Figure 18, is at the moment free of buildings close to the
client’s land (except for one house slightly further away), but there might be a house build on the
land next to it in a few years, since the land is divided into two sections. One section for the client
and one section for the client’s sister. This is something the team will have to take into account when
designing the house.
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Figure 19 South view

The south view of the land, shown in Figure 19, is interesting to design the main living area on,
since this side has the best view because of the mountains that are visible from the land. The south
view is also interesting according to the Passiv’ Haus requirements, because the house will need to
be oriented to the south.

Figure 20 West view

On the west side of the land, shown in Figure 20, a house is situated. The team agreed that this is
not the ideal view and thus the team will take limited visibility of this view into account during the
designing phase of the project.
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Figure 21 North view

On the north side, shown in Figure 21, there is a small road on which cars pass by, and a little
further to the left there is a house. The entrance of the house and garage will most probably be
designed on the north-west side, since this has easy access to the road.
During the land visit it was clear that the level of the ground is not the same in the whole land.
The land in front of the client’s land is askew, which would have formed a problem concerning the
water on the ground during a rainy day. But because the actual ground on which the house will be
build is higher than the road in front of it, this will not be a problem. Since the client’s land itself is
also slightly askew the best option is to build the house in the north-west side of the land. This way
preventing water problems in case of heavy rainfall.
According to the city regulations it is not allowed to have the beginning of the house between 0
to 3 metres from the road. It is only allowed to build the beginning of the house in line with the road
and otherwise 3 metres or further away from the road. It is allowed to build the house at the far
south side of the land, but this is discouraged due to the costs of the electricity wire.

HOUSE DESIGN REPORT

6.2 Plans of the land

N

Figure 22 Land drawing

The team went on the land and took measurements. The land has an area of 5625 m2 in total
(this was measured), but this area is not completely for the client. The client has half of the land,
these measures are 37,5 m for the width and 75 m for the length, and his sister has the other half of
the land to build a house on. The full land is shown in Figure 22, the middle is indicated with a dotted
line and north is indicated with the letter “N”. The left side of the land is for the end client and the
right side is for his sister.
In Erreur ! Source du renvoi introuvable. the official land plan can be found. This document says
that the area is 5500m2 in total.
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6.3

Public Networks

The public networks consist of the following five points:
●
●
●
●
●

Gas
Water
Electricity
Sanitation
Phone and internet network

Gas is not available in the area, but gas might not be needed for the house. Gas is usually used
for cooking and heating, but both can also be done with electricity.
Water is available in the area, but unfortunately this is not close to the house. According to the
surrounding buildings there is a water connection available. At this point it’s not clear yet where this
water connection is situated.
Electricity is available in the area. A post of 8 metres high stands on the corner in the north-west
side of the land. The best situation would be to need no more than 35 metres of wire from the top of
the post to the house. In case a wire with a measurement of 35 metres to 50 metres is needed the
price will be doubled in comparison with a wire with a measurement between 0 to 35 metres.
Because of the 8 metre high pole the margin the team has from the pole to the house is 27 metres. It
is necessary for the electricity post to be connected to the technical room for this house.
Sanitation is not available in the area, which means this has to be designed. The sanitation basin
will be situated in the ground and will be 2 to 3 m3 big. There is no connection to extract the dirty
water. That’s why a water purification system has to be designed by the team.

Figure 23 Network cable attached to house

The phone and internet network is available in the area. It is possible to connect the network for
phone and internet from the public network to the house by a wire. This wire will then be attached
to the house, an example of this is shown on Figure 23.
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6.4

Weather conditions

In this chapter the weather conditions in Labastide-Chalosse will be discussed. The weather
conditions are important since this will have an influence on the design and orientation of the house.
The coordinates of Labastide-Chalosse are N 43°36′48″ W 0°36′39″.

Figure 24 Sun degrees summer

Figure 25 Sun degrees winter

The sun comes up in the east and sets in the west. The radius of the sun in summer is 270
degrees with an angle of 68 degrees from the ground, shown in Figure 24, and the radius in winter is
180 degrees with an angle of 28 degrees from the ground, shown in Figure 25.

Labastide-Chalosse

Figure 26 France irradiation map

The map in Figure 26 shows the irradiation in France. Four zones are defined on the map, each
zone representing a new level of irradiation. Zone 1 has the least amount of irradiation and zone 4
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has the most amount of irradiation. Irradiation means the amount of kWh/m2/year that the land is
exposed to the sun for. Labastide-Chalosse can be found in zone 3, which means the sun irradiation is
between 1530 and 1610 kWh/m2/year.

Figure 27 Weather condition [1]

In winter it will not be colder than -5 degrees Celsius (in the night) and in summer the
temperatures can rise up to 35 degrees Celsius. In Figure 27 the average temperatures of LabastideChalosse can be found. These temperatures have been calculated with data from the past 30 years.
In the graph the mean daily maximum is indicated with a red line, and the mean daily minimum is
indicated with a blue line. The hot days are indicated with a red stripes and the cold nights with blue
stripes. The blue bars show the millimetres of rain that will approximately fall in every month of the
year.
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Figure 28 Weather condition wind speed [1]

In Figure 28 the wind speed is included in the graph. The green line indicates the average wind
speed and the top of the green box indicates the maximum wind speed and the bottom of the green
box indicates the minimum wind speed. The graph shows that the wind speed in winter (with a
maximum of approximately 22 km/h) is higher than it is in summer (with a maximum of
approximately 17 km/h). [1]
It is necessary to include protection for the walls in the north against the wind during winter and
to take the sun between 4 and 9 PM into account during summer when designing a terrace.
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6.5 Conclusions
With the information that can be found in this report, it is possible for the team to make a rough
draft of the house. The land visit was useful and the team managed to gather important and useful
information considering the situation of the land, public networks, weather condition and the
possible orientation of the house.
The land visit made it easier to visualize and think about the house and it’s orientation. The team
could see where the shadows would fall, where north, west, south and east was situated and where
the sun would be throughout the day.
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7 2D house plans
The aim of this chapter is to explain the two different designs of the 2D house plans that the
team has designed, then compare these and choose the better option. The document starts off with
general information which is used in the designing phase of the project. Information such as the
dimensions for regularly used furniture and some designing decisions made by the team for the
layout of the house.
After this is known the concepts will be presented and the method used on achieving these
concepts. Then are the differences between the different concepts and the conclusion on which
concept will be chosen to present to the client.

7.1 General information
In this chapter the team explain the dimensions and the steps for designing a house applicable in
every design. It is necessary to know this information before any designs are made. First, the
dimensions are explained about the house and the furniture. The second part consist of the steps to
design any house plans and more specific choices in this house that the team used to make the two
following designs.

7.1.1 Dimensions
7.1.1.1 House Dimensions
The client provided the house dimensions at the beginning of the project, called technical
requirements. These dimensions are fixed and have a small margin of ±1%. The house dimensions are
as follows:
○
○
○
○
○
○
○
○
○

The living space of the house is 115 m2
The area of the garage is 50 m2 and it should be linked to the house
50 m2 – Kitchen, living room, dining room
7,2 m2 – Technical room (should be linked to the kitchen)
24 m2 – 2 Rooms (12 m2/Room)
16 m2 – Parental room
5 m2 – Walk-in-closet
7 m2 – Bathroom (shower)
3 m2 – Toilet

7.1.1.2 Furniture dimensions
The team was given general dimensions for often used furniture within the house by the
technical supervisor Also some additional information about dimensions has been given regarding
some rooms in the house, for instance the kitchen. The furniture dimensions are as follows:




Table: 180 by 90 centimetres.
Sofa: 200 by 100 centimetres.
Kitchen: Cupboards in kitchen have a width of 60 centimetres the height of the kitchen should
be less than 2 meters, otherwise some items might be outside the reach of the client.
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Bathtub: 50 by 170 centimetres.
Shower: 100 by 100 centimetres.
Bed: 160 by 200 centimetres. The space between the wall and the bed should at least be 170
centimetres on both sides. The advised width of the bedroom is 3 meters.
Walk-in closet: The size depends on the storage options within the closet. If only the wall side
is chosen then the width can be smaller (at least 60 centimetres) , but if the clothes are hanging
on both sides of a corridor within the closet the width has to be extended (At least 2,4 meters).
The wardrobe, for hanging up coats, should be drawn as a box with an “X” on it. the width
should be 60 centimetres and the length can be the following sizes:
o 120 cm
o 150 cm
o 180 cm
o 240 cm
o 300 cm
o 360 cm
People have to be able to circulate between furniture with at least 1 meter of space.
The distance from the sofa to the television can be calculated using the formula:
Distance sofa to tv=Screen diagonal of the TV·2,5

In conclusion, these are the general dimensions for the furniture (Table 12):
Furniture

Width [cm]

Length [cm]

Table

180

90

Sofa

200

100

Kitchen cupboard

60

65

Bathtub

70

170

Shower

100

100

Bed

160

200

Wardrobe

60

120-360

Table 12 Furniture dimensions

7.2 General design choices
7.2.1 House design plans
In general to design house plans, the land plans and the directions of north and south are necessary
to define the orientation of the house .
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The first step while designing the house is to look at the technical requirements and make the
different rooms with the right dimensions. When that is done the first priority is to locate the entrance
of the house with respect to the entrance of the land. This is the an important part of the house and
also difficult to situate, since it is necessary to think about the way people will navigate the land when
walking towards the house.
With the location of the entrance of the house, the location of the garage is then easily
determined, since the entrance of the house and the entrance of the garage should be opposite each
other. This to create a dry passing in case of bad weather, since the house and the garage are
connected by a roof.
The next step is to situate the house on the land. This means looking at how far the house is placed
from the road and how close to the neighbouring house.
The third step is to establish priorities to situate each room of the house, for instance the living
room needs to have the best view, which means placing it on the south side of the land as well as the
master bedroom. It is important to have a nice view from there as well.
The technical room is then placed closest to the electricity pole to reduce the costs on the needed
connection. The bathroom and toilet are situated next to each other, this to reduce cost and make it
easier to have a connection for the water. The two spare rooms were then moved in a way that the
living room, dining room and kitchen would have an open “American” style.
And the last step is to think about what kind of vegetation to put around the house. This step
depends on the location of the house.

7.2.2 Specific choices
In the design phase some general design choices are made by the team. This is to make everyday
life for the client better and more comfortable.


The technical room located in the north-west corner of the house.

This to save cost, because the electricity connection to the house costs € 1.300,- if the connection
between the electricity pole (“poteau EDF” in Figure 29) and the house is between 0 and 35 metres. If
the connection is more than 35 metres away from the pole the cost will go up substantially.


The shower and toilet are connected to one another and placed in the north side of the house.

There is less time spent in the bathroom and the toilet in everyday life, so it would be a waste if these
rooms were placed in the south side of the house thus blocking this space for a room which would
enjoy the south view better. It also saves costs because the water pipes have a shorter distance going
from the technical room to both rooms.


Parental room located in the south-east corner.
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The parental room will be in the south-east, because of the view in the south side and the building of
a neighbour in the west.


Living room, dining room and kitchen located in the south.

This combination of rooms will be facing towards the south because most of the client’s time will either
be spent in this set of rooms or in the bedroom.
The designer’s responsibility in the AutoCAD software is to design the following elements of the
house:


Exterior walls



Interior walls



Rooms



Doors



Windows
Furniture, the team obtained the basic furniture from a 2D model warehouse and incorporated
them in the design [2].



The designer can also make use of some automatic tools provided by the AutoCAD software. If the
exterior wall is drawn it is possible to draw a second shape which can be scaled by the designer.
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7.3 Concept 1
In Figure 29 the layout of the land is shown with the first concept of the house located on the
land. The client’s land can be found on the left side of the picture. The choice to put it in the north of
the land is that the cost for the electricity connection will not increase above € 1300,- because it
remains within 35 metres of the electricity pole (“poteau EDF”). The program used to design the
concept is AutoCAD™ [1 ].

N

Figure 29 Land layout with concept 1
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Figure 30 2D plans for concept 1
In this design, (shown in Figure 30) Concept 1, the garage is located between the house and the
road to have better access to the house. The garage is linked to the house by a roof. The dimensions
shown in the picture are in millimetres.
The consequences of this design are as follows: there is an excess of space near the entrance,
therefore surface is wasted in the living area. The team also has two different orientations for the roof,
one on the house which is aligned with the road and one on the garage. That is turned 90°, which
increases the costs, and the budget doesn’t allow the team to design these two separate roofs.

HOUSE DESIGN REPORT

7.4 Concept 2
In Figure the layout of the land is shown with the second concept of the house placed on the
land. The house is placed towards the north, with the garage in the western direction to mask the
neighbouring building from the view from inside the house. The program used to design the concept
is AutoCAD™ [1 ].

N

Figure 31 Land layout with concept 2

Figure 14 Land layout with concept 2
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Figure 32 2D plans for concept 2
As is shown in Concept 2, shown in Figure 32 , this design has the house and the garage in one line
in order to have a single roof covering the house, the garage and the space in between them. This
space could be used as a terrace with the garage protecting it from the sun in winter. This is the most
economical design because there is only one roof and solar panels can be placed on this roof, oriented
to the south, receiving as much sun as possible during the duration of the day.
Due to this location of the garage, the entrance of the house has appropriate dimensions and the
living space area has more surface available than in the previous design, so the kitchen, dining room
and living room are better situated.
In this design all of the rooms are located in the east, except for the technical room. The dining
and living room are towards the south to generate the best view possible in the client's everyday life.
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7.5 Differences
DIFFERENCES
Garage location

CONCEPT 1
Between the house and the road

Dining room
location
Kitchen location

Between the kitchen and the living
room
South side of the house next to the
technical room
South side, between the spare
room and the dining room
North side next to the technical
West side, between the living room and
room
the technical room
Table 13 Differences between the concepts

Living room
location
Entrance
location

CONCEPT 2
In line with the house between it and
the limit of the land
Between the spare room and the living
room, in front of the kitchen
North side, between the technical room
and the bathroom
South side, next to the dining room
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7.6 Conclusion
Taking into account the aforementioned concepts, the team has decided to choose concept 2
because of the following reasons:





Concept 2 has only one roof and this fact allows the team to reduce the costs of the house.
The entrance of the house in concept 2 has the proper surface, this makes living there more
comfortable.
The living space area (living room, dining room and kitchen) has a bigger surface according to
the concept 2, so staying there will be more pleasant.
Due to the surface available in concept 2 it can include a cooking island in the kitchen.
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8 3D CAD design methodology
The software used to carry out this 3D CAD model is SketchUp™, which is free and based on
drawing lines and shapes that can be pushed and pulled in order to turn them into 3D forms. Within
this 3D model some furniture- and other models, for instance the cars, have been used. These are
available for free on: [https://3dwarehouse.sketchup.com][1].
All the elements used from [https://3dwarehouse.sketchup.com] are listed in the check list
below:













Cars in the garage
All the doors including the one in the garage
All the windows
Couch
The kitchen
All the chairs
All the beds
All the tables including the terrace one
All the wardrobes
TV
Toilet
Shower
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8.1 Different stages
In this chapter the method used in every stage will be explained as well as the reasons why these
methods have been chosen.

Stage 1: Land design
Within this stage the land has been designed including the client’s sister’s land as is shown Figure
33.

Figure 33 Land plan

The straight line in the middle of the land represents how the land is divided and in the side where
the walls of the house are shows the land that belongs to the client.
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Stage 2: Exterior walls and holes for windows and doors
During the second stage the exterior walls of the house and the garage have been designed, shown
in Figure 34, with a thickness of 40 cm in order to reach an excellent insulation of the house, the lines
inside the house represent the interior walls that separate the rooms and the holes where all the
windows and doors will be located are also represented in this stage.

Figure 34 Exterior walls

As is shown in the picture, the hole in the north side of the garage is the biggest because the door
must allow the client to park the car. The garage is big enough for two cars to be parked there.
The main entrance of the house is located in front of the east garage door.
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Stage 3: Doors and windows
In stage 3 all the windows, shown in Figure 35, have been chosen from the database provided by
SketchUp™ mentioned in the introduction of this chapter.

Figure 35 Doors and windows

The window surface in the north wall is 17,3 m2 and the total wall surface on the north side is
75,72 m2, including the garage, consequently the requirement of having at least 1/6th (16,7%) of the
surface with windows is achieved because 22,83% of the wall is windows.
The garage door is also set in this stage, the dimensions are 5,27 by 2,30 metres.
The biggest window on the south side is also a door which works as a link between the terrace and
the living space area.
The colours of the exterior walls have also been modified.
Only the doors of the garage and the door of the main entrance have been set in this stage.
Furthermore, the interior walls of the technical room have been designed in order to begin the
furniture choice in the following stage.
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Stage 4: Living space area furniture
Once all the exterior walls were designed as well as the interior walls of the technical room, the
furniture for the living space area, that includes the kitchen, dining room and living room, were chosen
and resized with the aim of obtaining a comfortable living space area with at least 1 metre between
any pieces of furniture.

Figure 36 Living space area furniture

The couch has been placed in the South West corner, this way the best view can be seen from the
couch.
Just behind the couch is the dining room, as is shown in Figure 36, and next to the dining room is
the kitchen located. The kitchen consists of main devices like a refrigerator, freezer, dishwasher, oven,
electric stove and cooking island. The kitchen is on the north side, since it is not extremely important
to have the best view from the kitchen window.
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Stage 5: Spare room
The next step is to design the spare room next to the dining room, shown in Figure 37. The team
has chosen to portray this room as an office as a possibility for this room. By placing the desk at the
window, the client can enjoy a nice view of the south side of the land while working. He can also store
some books or movies in this room by using a closet.

Figure 37 Spare room

Stage 6: Master bedroom
The room next to the spare room, also located in the south, is the master bedroom as is shown in
the Figure 38. Due to one of the client’s requirements the master bedroom has a walk-in-closet directly
next to it. The window of 2 by 2 metres in the room will allow the client to enjoy the south view and
have natural light as well.

Figure 38 Master bedroom

Stage 7: Spare bedroom
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The only single bedroom of the house, shown in Figure 39, is next to the master bedroom and
consists of a bed, desk and wardrobe in this design. The client can choose himself what he wants to do
with this room, he can make the room an office for example and the other spare room an extra
bedroom.

Figure 39 Spare bedroom

Stage 8: Toilet and bathroom
The toilet and the bathroom, shown in Figure 40, have been designed at the same time on the
north side of the house. One of the client’s requirements is not to have the toilet in one of the corners
in order to make it easily accessible from any point of the house. The bathroom and toilet are as far as
possible away from the master bedroom, this to reduce the noise of the shower and the flushing of
the toilet.

Figure 40 Toilet and bathroom

Stage 9: Technical room and exterior walls colour
In the technical room the following devices can be found:
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Washing machine
Dryer
Interior unit of the heat pump
Photovoltaic energy storage
Closet
Distribution panel

Figure 41 Technical room

The technical room, shown in Figure 41, is located in the far west corner for the reason that the
distance between the technical room and the electricity network post must be less than 28 metres,
otherwise the cost of the cabling from the post to the house would be much more expensive.
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Stage 10: All furniture
After having done the previously mentioned stages, the rest of the furniture has been placed and
are shown in the Figure 42 and Figure 43.

Figure 42 All furniture 1

Figure 43 All furniture 2

Stage 11: Wall colours
In this stage the exterior wall colour has been modified in order to meet the city regulations, since
this colour must be in the range from white to orange. The interior walls have been designed and
painted in white.

Figure 44 Wall colours 1

Figure 45 Wall colours 2

Stage 12: Roof design and ventilation heat recovery (VHR)
In this stage the roof, the ventilation heat recovery device, the holes to supply and extract the air
and the door in the roof of the technical room have been designed, shown in Figure 46.
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Figure 46 VHR attic

The holes for the fresh air suppliers are located between the couch and the dining room, in the
master bedroom and in the bedroom. The holes for the exhaust air extractors are in the kitchen and
the bathroom, because the air in these places is warmer than in any other place of the house. Due to
this heat the VHR (located on the kitchen) is able to transfer the heat to the fresh air that enters the
house. In the roof of the technical room a door can be found, which is a requirement from the client.
This door is the access to the attic.

HOUSE DESIGN REPORT

Stage 13: Roof design and terrace
In this stage the roof is finished and the terrace is designed, shown in Figure 47. The terrace
consists of one table, some chairs around the table, one umbrella and a barbecue.

Figure 47 Roof design and terrace

The slope of the roof is 30° because it is one of the city regulations. With this slope photovoltaic
panels are capable of taking the maximum solar energy.
As is shown in the picture, the roof is further extended from the exterior walls in order to protect
the windows from the sun because in this way the house will not be overheated and the cooling system
is not going to work as much as when the extended roof was not there.
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Stage 14: Photovoltaic panels
15 photovoltaic panels have been placed on the south side of the roof, shown in Figure 48, to catch
the necessary energy to make the house passive according to the passive house institute standards.

Figure 48 Photovoltaic panels

The total surface of photovoltaic panels is 24,45 m2, which is the proper surface that allows the
house to use 75kWh/m2 /year from the GRID and the rest of the needed energy is provided by the
solar energy.

Stage 15: Entrances
To conclude the 3D model the two entrances, one for cars and the other for people, are located in
the North West corner of the land, shown in Figure 49. A road has been designed to go straight from
the land’s entrance to the garage and a path of stones leads from the land’s entrance to the main
entrance of the house.

Figure 49 Entrances
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8.2 Conclusions
With the 3D model finished the team can provide a global and furnished overview of the house.
As is mentioned before the software used to design the 3D model has been SketchUp™ which has
a database where all the needed furniture can be found, due to this fact 3D modelling has become
easier and has reduced the time needed to make the 3D CAD model.
Some of the city regulations, Passiv’ Haus requirements and client requirements are represented
in this 3D model.
Regarding the city regulations:
Requirement
The exterior wall colour is between white and orange
Windows are higher than their width
Wood is not used on the exterior sides of the house
Beginning of the house is 3 metres away from the road
Less than 7,5 metres of height
Tile roof covering

Status
Yes
Yes
Yes
Yes
Yes
Yes

Table 14 City regulations checklist

The Passiv’ Haus requirements represented in this 3D model are as follows:
Requirement
Status
Well insulated
Yes
No thermal bridges
Yes
Well insulated windows
Yes
Ventilation heat recovery
Yes
Table 15 Passiv' Haus requirements checklist

The client’s requirements represented in this 3D model are as follows:
Requirement
Only ground floor
Door in the technical room ceiling
Size of the rooms and the house
Table 16 Client's requirements checklist

Status
Yes
Yes
Yes
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5. Introduction
As part of the technical aspect of the project, a thermal simulation has been done for the chosen
house design. First of all the material choice is discussed, because to be able to perform the thermal
simulations of the house the materials have to be included within the final design.
After all of the materials are studied the thermal simulations take place. With the results
presented within these simulations it is possible to see if the heating system and the power
consumption are within the boundaries set by the Passive House Institute.

9.1

Materials Choice

The aim of this chapter is to study and select suitable materials to apply in the construction of
the house. The team also explains what methods are used during the study of each part of the house.
At first there will be a short explanation about the properties of the materials and what criteria
are taken in mind for the selection process. For the amount of materials needed the team has a draft
design ready to calculate the surface area of the house. The walls, roof and floor are the elements of
the envelope of the house. These dimensions are of importance if a cost analysis has to be done for
every structure element.
The team has decided that the exterior envelope of the house would be of interest to study what
materials are going to be used and if there are already useable building methods. Within the
envelope of the house there are certain categories which are studied. These categories are: the walls,
the roof, the floor and the windows.
The conclusion to the chapter contains two scenarios the house could be built with to use in the
thermal simulation.

9.1.2 Material properties
The criteria which have been chosen are the U-value, also known as the U-factor or heat transfer
coefficient, this factor is used to show the heat transfer, whether it is heat gain or loss, through the
elements. It is expressed in watts per square meter kelvin [W/m²K]. The lower this number is, the
less heat is going to be lost or gained through the material.
The R-value is also of importance, this is also known as the R-factor and it is for the heat
resistance per inch of the different materials used as insulation in the walls, roof and floor. The
higher the R-value the more a material prevents heat transfer, thus the better the material is to use
as an insulation material.
Thermal conductivity is also a very important property in materials. It shows the rate at which
heat can move through the material. If the thermal conductivity is high, the heat can pass through
the material at a faster rate than if the thermal conductivity is low. If the value of thermal
conductivity is low the material can be used as a thermal insulator. The symbol used to show thermal
conductivity is lambda [λ] and the units in which it is measured is in watts per meter-kelvin [W/m K].
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According to the requirements of the passive house, the house has to have a high thermal
comfort and a maximum heating demand of 15 [kWh/m2/year]. This can be easily realised if the
envelope of the house is properly insulated. To know if the house is properly insulated the Passive
House Institute has set limits on the U-values. These U-values are 0,15 [W/m²K] for the wall, 0,10
[W/m²K] for the roof, 0,15 [W/m²K] for the floor slab and 0,80 [W/m²K] for the windows. These
values are limits which should not be exceeded. The lower these values can be the better it is for the
thermal comfort of the house and also to save cost on the heating cost.

9.1.3 Dimensions of the house
For the cost analysis of the materials used in the different structure elements some dimensions
have been defined. The house has a length of 16,5 meters and a width of 7 meters. The walls have a
height of 3 meters. To save cost in the project only the cost of the insulation of the house and not the
garage are calculated. The dimensions are:
Total wall area:
2·(Length·Wall height)+2·(Width·Wall height )=2·(16,5·3)+2·(7·3)=141 m2
2·(Width·Roof height)=2·(7·2,02) =2·14,14 = 28,28 m2
141 + 28,28 = 169,28 m2
Total floor slab area:
(Length·Width ) = (16,5·7)=115,5 m2
The roof has a total width of 7 meters and a slope of 30 degrees.
Height= tan-1 (30°)·(12 ·length)= tan-1 (30°)·(12 ·7) = 2,02 m
Slope = cos-1 (30°)·( 12·length)= tan-1 (30°)·(12 ·7) = 4,04 m
This means that the height of the roof is 2,02 meters and the slope of the roof is 4,04 meters.
2·[(Length)·(Slope )]=2·(16,5)·(4,04)=133,32 m2
If the dimensions of the garage are taken into account the sloped roof area becomes:
2·[(House length+Link+Garage length)·(Slope )]=2·(16,5+3+7)·(4,04)= 214,12 m2

9.1.4 List of Materials
In this chapter the different which can be chosen for the different elements of the house are
explained. In Table 17 the different masonry materials are described with all of the important
properties which can influence the final choice.
Masonry materials

R-value [m2 K /w]

U-value [W/m2K]

λ [W/m K]
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Brick

0,80

1,25

0,6-1,0

Stone (granite)

0,05

20,0

1,7-4,0

Concrete block (10-20 cm thick)

0,8-1,28

1,25-0,78

1,70

Table 17. Masonry materials [3]

In Table 18 the different materials for insulating the different elements in the house are shown.
These are the most common materials used in insulating the elements nowadays.
Insulation material

R-value [m2K/w]

U-value [W/m2K]

λ [W/m K]

Fibreglass

3,10

0,323

0,040

Mineral wool

3,10

0,323

0,044

Glass wool

2,25

0,444

0,044

Cellulose

3,70

0,270

0,040

Polyurethane foam

6,30

0,159

0,030

Expandable polystyrene
(EPS)

4,00

0,250

0,030

Plastics, foamed
(insulation materials)

3,80

0,263

0,030

Natural fiber (cotton)

3,50

0,286

0,040

Natural fiber
(sheep’s wool)

3,50

0,286

0,029

Porous bricks, porous
concrete

5,00

0,200

0,110

Table 18. Insulation materials [3]

9.1.5 Structure elements
Following now are the different elements of the structure which have been studied during this
phase of the project. The team tries to have two different solutions in each element.
The criteria for choosing the materials have the following priorities:
1. U-value
The most important criteria which the team has to consider for insulation materials, is the U-value of
the materials. If the material has a low U-value, less of it could be used to insulate the house in a
proper way, thus saving space and cost.
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2. Regulations
The regulations of the city have to be followed as well. The most important one being that the
exterior of the house cannot contain wood.
3. Properties
Each material has different properties. The property taken in mind for the materials is the thermal
conductivity [λ]. The lower it is the better it could be used as an insulation material.
4. Cost
Some materials are very expensive, sometimes it is better to find a cheaper alternative than to put a
really expensive material in the different elements.
5. Thickness
The land does not have unlimited space, so the thickness of the different elements have to be taken
into consideration.
With the U-value, cost and thickness the team can set up a decision matrix. If the choices are
difficult to make between certain materials the team can put these in a decision matrix to show what
materials, or construction methods, are better used in the different elements of the house. Within
the matrix the methods can score between 1 and 5, with 1 being the worst for this criterion and 5
being the best. This is to generate a good overview on which method is the best for that element of
the house.
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9.1.5.1 Walls
There are already some suitable techniques to insulate the walls in a proper way, as can be seen
in Figure 50. These wall constructions have a very low heat loss which means that the heating system
needs to generate less heat because of well applied insulation in the walls.

Figure 50. Passive House walls [1]

a) Masonry with EIFS(External Insulation and Finish Systems)
First the wall is built with the insulation and the masonry after this the EIFS is applied. As the name
suggests on the outside of the walls to generate an additional protection to contain heat inside, or
outside, the building and as a moisture protection. It is also known as synthetic stucco.
EIFS is available in two basic types: a barrier wall system or a wall drainage system. The barrier
system relies primarily on the base coat protecting the structure from water penetration. So the
underlying layers must be well protected if some water does come through. The other system has a
separate drainage layer which will block any water from coming through the EIFS.

b) Formwork elements made of rigid polystyrol foam
Formwork explains the way how the concrete is filled in the wall. First the construction team creates
a shape for the outer wall. After this is done the concrete will be poured in the shape. When the
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concrete is set the formwork will be removed and a concrete wall will be left behind. Then the
insulation can be installed to properly insulate the envelope of the house.
c) Light weight element
The timber protects the insulation elements from the weather and provide extra structural integrity
to the building.
However this wall construction is not allowed in the structure. The city regulations state that it is not
allowed to use wood on the exterior of the structure.
d) Formwork element on expanded clay basis
The insulation material is being enclosed on both sides by clay. First the clay balls are burned in an
oven and after that the bricks can be manufactured around the insulation material.
e) Prefabricated porous concrete element
Porous concrete provides insulation, fire resistance and mold protection for the structure. Because of
prefabrication the wall are easier to build up.
f) Thick timber board wall
This idea is almost the same as the light weight element, but because the outer timber layer is
thicker than the other concept this method provides more strength to the structure.
This wall construction is also not allowed because it uses wood on the exterior.
g) Prefabricated polyurethane sandwich elements
These elements are fixed directly to the slab. If they are properly installed the wall is capable of
fulfilling all of the functions of the envelope of the building (airtightness, thermal insulation etc.)
h) Hightech VIP (Vacuum Insulated Panels)
Vacuum is the best way to insulate any building. It has the lowest heat conductivity of every material
and thus can reach a better thermal comfort with the same thickness as any other material. With this
a much slimmer wall could be realised. However it is a much more expensive material to use as an
insulation.
i) Porous concrete blocks with mineral foam insulation
There are a lot of similarities between this and the prefabricated porous concrete elements. The
main difference is that these blocks are not prefabricated and thus take a longer while to install.
Ultimately there has been chosen for two types of construction methods, each of these methods
has one type of insulation material. These methods are:

1. Masonry with EIFS (External Insulation and Finish Systems)
The team has chosen the first method because of the EIFS that is applied in this option. With the
external finish it is easier to take the city regulations in mind, because the EIFS can be painted in a
wide range of colors and can be made by a wide range of materials. In this first method the team
needs to use two insulation materials, external and internal insulation. The first one being EIFS and
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the second one being glass wool or EPS 100, because if not the house does not comply with the Uvalue requirement in the walls, as the team checked in the calculation of the U-values.
2. Prefabricated porous concrete element
Because of the prefabricated parts in this method the labour cost will remain on the low side. That is
why this method is a viable option for the team.

9.1.5.1.1 Masonry with EIFS (External Insulation and Finish Systems) using EPS 100

Figure 51. EIFS (External Insulation and Finish Systems) [5]
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Table 19. Wall option1 [2]

Construction materials

λ
[W/m·K]

Thickness
[cm]

Cost
[€ / m2]

1

EIFS (External Insulation and Finish Systems)1

0,097

1,73

24,30

2

Brick2

0,600

11,50

0,25
per brick

3

EPS 100 (Expandable polystyrene)3

0,030

20

27,50

4

Plastering system (BA13)4

0,170

1,25

2,15

34,50

53,95
excl. brick

Total:
Table 20. Construction wall option1 with the cost

To calculate the cost for the wall, the team needs to calculate the number of bricks, because all
the costs are expressed in m2 except for the brick (Table 20):
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The brick dimensions are: 24 x 11,5 x 5 cm, to calculate the area of the bricks: 24 ·5 = 120 cm2 = 0,12
m2
Now, it is necessary to know the area of the long wall of the house: 16,5 · 3 = 49,5 m2
To know the number of bricks necessary in one long wall the calculation below is performed, but the
house has two long walls so the end result has to be multiplied by two:
49,5 𝑚2
= 412,5 ≅ 420 → 420 · 2 = 840 bricks
0,12 𝑚2
The short walls of the house are: 7 · 3 = 21 m2, and the roof walls of the house are: 7 · 2,02 = 14,14
m2, with these areas, the amount of bricks can be calculated:
21 + 14,14 = 35,14 →

35,14 𝑚2
= 292, 83 ≅ 300 → 300 · 2 = 600 bricks
0,12 𝑚2

Total cost bricks:
840 + 600 = 1440 ≅ 1500 [𝑏𝑟𝑖𝑐𝑘𝑠] · 0,25 [

€
] = 375 €
𝑏𝑟𝑖𝑐𝑘

Total cost for the option 1 wall construction:
(24,3 + 27,5 + 2,15 ) · 169,28 + 375 = 9507,66 € ≅ 9508 €
To know the details about the prices and properties of the materials see Erreur ! Source du renvoi
introuvable..
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9.1.5.1.2 Masonry with EIFS (External Insulation and Finish Systems) using glass wool

Table 21. Wall option2 [2]

Construction materials

λ
[W/m·K]

Thickness
[cm]

Cost
[€ / m2]

1

EIFS (External Insulation and Finish Systems)1

0,097

1,73

24,30

2

Brick2

0,600

11,50

0,25
per brick

3

Glass wool5

0,044

35
(10 /layer)

11,69

4

Plastering system (BA13)4

0,170

1,25

2,15

49,50

38,14
excl. brick

Total:
Table 22. Construction wall option2 with the cost

The calculation for this construction method is the same except for the insulation material.
This cost is decreased from € 27,50 to € 11,69. The total cost for option 2 wall construction (Table
22):
(24,3 + 11,69 + 2,15 ) · 169,28 + 375 = € 6831,34 ≅ € 6832
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9.1.5.1.3 Porous concrete element using EPS 100

Figure 52. Glass Wool [4]
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Table 23. Wall option3 [2]

Construction materials

λ
[W/mK]

Thickness
[cm]

Cost
[€ / m2]

1

Porous concrete6

0,110

20

0,38

2

EPS 100 (Expandable
polystyrene)3

0,030

20

27,50

3

Plastering system (BA13)4

0,170

1,25

2,15

41,30

30,03

Total:

Table 24. Construction wall option3 with the cost

The total exterior area of the walls is 169,28 m2 this can be multiplied with the cost per m2.
Total cost for the option 3 wall construction:
(0,38 + 27,50 + 2,15 ) · 169,28 = € 5083,48 ≅ € 5084
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9.1.5.1.4 Porous concrete element using glass wool

Table 25. Wall option4 [2]

Construction materials

λ
[W/mK]

Thickness
[cm]

Cost
[€ / m2]

1

Porous concrete6

0,110

10

0,38

2

Glass wool5

0,044

30
(10/layer)

30,06

3

Plastering system (BA13)4

0,170

1,25

2,15

41,30

12,55

Total:

Table 26. Construction wall option4 with the cost

The total exterior area of the walls is 169,28 m2 this can be multiplied with the cost per m2.
Total cost for the option 4 wall construction:
(0,38 + 30,06 + 2,15 ) · 169,28 = € 5516,84 ≅ € 5517
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9.1.5.1.4.1 Decision matrix of the walls
With the matrix shown in Table 27, a decision could be made with the important criteria taken in
mind. The U-value is the most important criteria that is why the U-value is on a scale from 1 through
10. If this criteria is not met then it will become difficult to achieve the passive house standard.
After this comes the cost, this is also an important criteria for the team as it could mean that the
client could save money if a certain option is chosen.
The third criteria which is taken in mind is the thickness of the different options, because the land
has a certain size it is important to not choose the thickest of the options. Partly because if, for
instance, the walls are very thick then this could diminish the total liveable area within the house for
the client.
Walls

U-value
[1-10]

Cost
[1-5]

Thickness
[1-5]

Total
[3-20]

1. Masonry with EIFS using
EPS 100

4

1

5

10

2. Masonry with EIFS using
glass wool

8

2

1

11

3. Porous concrete element
using EPS 100

10

3

3

16

4. Porous concrete element
using glass wool

6

3

3

12

Table 27. Decision matrix of the walls

Using this matrix (Table 27) provides the team with a good overview of the different options
available for the walls.
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9.1.5.2 Roof
Shown in Figure 53 is the cross section of the roof. The numbers shown correspond with the
numbers in Table 28 through Table 31 . The technique used in isolating the roof is a blanket
insulation on the floor of the attic. Because the client does not want to use this space it is possible to
only insulate the floor instead of the sloped sides of the roof. It is also the cheaper solution because
this type of insulation is easier to install and uses an overall cheaper material.

Figure 53. Cross section of the roof

Figure 54. Glass Wool Sprayed Insulation
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9.1.5.2.1 Glass Wool Sprayed Insulation

Table 28. Roof option1 [2]

λ
[W/m·K]

Thickness
[cm]

Cost
[€ / m2]

Roof covering7

1,200

16

0,25
per tile

2

Wind proofing

0,170

0,05

-

3

Cross Wood beam8

0,130

20

50

4

Glass Wool Sprayed Insulation9

0,040

30

11,30

5

Plastering system (BA13)4

0,170

1,25

2,15

67,30

63,45 excl. tiles

Construction materials
1

Total:

Table 29. Construction roof option1 with the cost

To calculate the cost for the roof, the team needs to calculate the number of tiles, because all the
cost are expressed in m2 except the tiles (Table 29):
The tiles dimensions are: 40 x 19 x 16 cm, to calculate the area of tiles: 40 ·19 = 760 cm 2 = 0,076 m2
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To know the number of tiles in the roof are necessary in the house:
Roof Area
133,32 𝑚2
=
= 1754,21 ≅ 1800 𝑡𝑖𝑙𝑒𝑠
Tile Area
0,076 𝑚2
Total cost tiles:
1800 [𝑏𝑟𝑖𝑐𝑘𝑠] · 0,25 [

€
] = € 450
𝑡𝑖𝑙𝑒

Total cost for the option 1 roof construction:
(50 + 11,30 + 2,15 ) · 133,32 + 450 = € 8909,154 ≅ € 8910
If there is one more layer of insulation material, 40 cm instead of 30 cm, the total cost will change:
(50 + 12,92 + 2,15 ) · 133,32 + 450 = € 9125,13 ≅ € 9125

Figure 55. Wood Roof Frame (Fermette Industrielle)
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9.1.5.2.2 Cellulose Sprayed Insulation

Table 30. Roof option2 [2]

λ
[W/m·K]

Thickness
[cm]

Cost
[€ / m2]

Roof covering7

1,200

16

0,25
per tile

2

Wind proofing

0,170

0,05

-

3

Cross Wood beam8

0,130

20

50

4

Cellulose Sprayed Insulation10

0,040

30

9,64

5

Plastering system (BA13)4

0,170

1,25

2,15

67,30

61,79 excl. tiles

Construction materials
1

Total:

Table 31. Construction roof option2 with the cost

Total cost for the option 2 roof construction:
(50 + 9,64 + 2,15 ) · 133,32 + 450 = € 8687,84 ≅ € 8688
If an extra layer of insulation is added, 40 cm instead of 30 cm then the total cost changes as well:
(50 + 13,98 + 2,15 ) · 133,32 + 450 = € 9266,45 ≅ € 9266
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9.1.5.3 Floor
9.1.5.3.1 Floor slab with insulated upper side
The floor slab can be insulated in two different ways. One of the ways is by an outside perimeter
insulation. This can decrease the risk on moisture related construction damage and is able to provide
a complete envelope of the house
It is also possible to insulate from the inside by applying the insulation materials on the room side.
This is also known as upper side insulation.
A combination of these two insulation methods is also possible. Generally the following two points
have to be taken in mind:
●
●

Perimeter insulation makes it easier to make the building thermal bridge free
Internal insulation increases the risk of moisture related construction damage at the
connections between the floor slab and the walls

Figure 56. Floor slab with insulated upper side [6]
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Table 32. Floor option1 [2]

Construction materials

λ
[W/mK]

Thickness
[cm]

Cost
[€/m2]

1

Cement screed16

1,400

5

13,00

2

PE soft foam, seal joints20

0,040

1

5,02

3

EPS (Expanded polystyrene)3

0,040

22

32,66

4

Bitumen22-aluminium14 layer

0,170

0,4

4,71

5

Reinforced12 concrete11

2,500

25

Concrete:0,64
Reinforcement: 0,99

6

Construction paper24

0,170

-

0,54

7

Drainage layer13

0,700

15

22,46

8

Filter fabric23

0,500

-

0,68

9

Soil

-

-

-

Total

68,4
Table 33. Construction floor option1 with the cost [6]

Total cost for the option 1 floor construction:
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(13,00 + 5,02 + 32,66 + 4,71 + 0,64 + 0,99 + 0,54 + 22,46 + 0,68 ) · 115,5 = € 9320,85
≅ € 9321
2.4.3.2 Floor slab with insulated underside

Figure 57. Floors slab with insulated underside [6]

Table 34. Floor option2 [2]

Construction materials

λ
[W/mK]

Thickness
[cm]

Cost
[€/m2]
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1

Cement screed16

1,400

5

13,00

2

PE film, overlapping joints19

0,230

0,02

0,19

3

Mineral wool20 – impact sound
insulation

0,035

3

2,43

4

Reinforced12 concrete11

2,500

20

Concrete:0,64
Reinforcement: 0,99

5

PE film (2-layer)19

0,230

0,04

0,19

6

Foam glass21 in polymer
bitumen22

0,045

24

7,80

7

Polymer bitumen22(2-layer)

0,170

0,8

0,21

8

Lean concrete11 / granular
subbase

1,200

5

7,87

9

Construction paper24

0,170

-

0,54

10

Drainage layer13

0,700

15

22,46

11

Filter fabric23

0,500

-

0,68

12

Soil

-

-

-

Total

72,90
Table 35. Construction floor option2 with the cost [6]

Total cost for the option 2 floor construction:
(13,00 + 0,19 + 2,43 + 0,64 + 0,99 + 0,19 + 7,80 + 0,21 + 7,87 + 0,54 + 22,46 + 0,68 ) · 115,5
= € 6583,50 ≅ € 6584
2.4.3.3 Supergrund
The supergrund idea is a swedish design that works on the concept of insulating the whole slab
instead of only the upper- or underside. This design has a very low U-value, between 0,100 and
0,155, which minimises the heat loss through the ground. Along the perimeter of the foundation is a
high strength “F-profile” ring beam, with the enclosed area being insulated with several layers of EPS
100 insulation. This eliminates any chance of thermal bridges occurring and protects the structure
from moisture.
Following in Figure 58 is a cross section of the supergrund:
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Figure 58. Cross-section of Supergrund [7]

Table 36. Floor option3 [2]
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In this table a small summarization of the materials used within supergrund can be found along
with the estimated cost for each of the materials.
Construction material

λ
[W/mK]

Thickness
[cm]

Cost
[€]

1

Reinforced12 concrete slab11

2,500

10

Concrete: 0,64
/m2
Reinforcement:
0,99 /m2

2

EPS 100 (Expandable polystyrene)3

0,030

10/layer, 3-4
layers

27,50 /m2

3

Sand binding25

0,710

3

11,75 /tonne

4

Radon barrier17

0,200

-

0,94 /m2

5

Hardcore (concrete, brick or gravel)18

0,150

min. 15

40,77 /tonne

6

EPS3 3001

0,030

10

27,50 /m

7

Reinforced12 concrete11 ring beam2

0,710

20

Concrete:
13,02 /m
Reinforcement:
0,99 /m

Total

98
Table 37. Construction floor option3 with the cost

The total cost per square meter for the inner slab is: € 30,07. This makes the total cost for the inner
slab:
(0,64 + 0,99 + 27,5 + 0,94 ) · 115,5 = € 3473,09
According to calculations from the webpage of the hardcore the building needs 32 tonnes and for the
sand binding the floor slab needs 6 tonnes3. The price for all the bags needed will be:
(11,75 · 32) + (40,77 · 6) = € 620,62
The ring beam has a cost of € 41,51 per meter. The ring beams dimensions are 7 meters by 16,5
meters which totals to 47 surrounding meters. With these linear meters the total cost of the ring
beam will be:
1

Used in the ring beam of the slab
Used in the ring beam of the slab
33
Length(m)*Width(m)*Height(m)*1,6
2
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(27,5 + 13,02 + 0,99 ) · 47 = € 1950,97
With all these calculations the total cost of the ”Supergrund” floor slab will be:
3473,09 + 620,62 + 1950,97 = € 6044,68 ≅ € 6045
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9.1.5.4 Windows
The house needs the windows to have two uses:
- Light
- Thermal use
Also, the team should take the heat losses into account.
Ideally, windows would provide wonderful views and abundant daylight, whilst at the same time
losing very little heat and providing just the right amount of solar heat gain.
Views and daylight depend on the site and the design rather than the specific windows. While heat
losses and gains do depend on the site and the design, the window specification has more impact.
The requirements in the windows are:
●

The window U-value as a measure of the heat losses; above all, because the window is not to
have an unpleasantly cold surface during the winter. The U-value should be as small as
possible, but at least smaller than 0.8 W/(m²K).
● The glazing g-value as a measure for the possible solar heat gain. The g-value should be
reasonably high; values around 0.5 are now typical.
(The climate conditions are based on Central Europe)
The method to calculate the window U-value Uw , EN 10077 uses:
●
●
●
●

The glazing U-value Ug and the surface area of the glazing Ag,
The U-value of the frame Uf and the surface area of the frame Af
The thermal bridge coefficient at the edge of glass Ψg (essentially determined by the spacer)
and the glass edge length lg
also included is the thermal bridge due to the installation of the window in the exterior wall
ΨInstand the length lIns where the window meets the wall.

In order not to have accurate window characteristics it is crucial to account for all heat losses
specified above. This is accomplished using the formula:

𝑈𝑤 =

Ag Ug + Af Uf + lg Ψg + lInstΨInst
Ag + Af
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Figure 59. Window properties

The design of the windows consists of:
1. Glass double and triple
2. Spacer (swisspacer, thermix…)
3. Cavity gas (air, argon, krypton, xenon)
4. Glass coating (low emissivity coatings, solar control coatings…)
Now follows an explanation on the different points.
The glass can consist of two or three panes. This means that the window has either two or three glass
sections. Shown in Table 38 is the comparison between the double- and triple glazed units.
Double

Triple

Advantages

Disadvantages

Advantages

Disadvantages

Cost less than triple pane units

Less durable

Lower U-value

Expensive

Weigh less than triple pane units

Less energy efficient

Extremely durable

Table 38. Comparison double- and triple pane windows [8]

Although the triple glazed window has a lot of good characteristics the team has finally decided that
it would use double glazed window units to save cost on the house, and in Labastide-Chalosse
(Landes, France (40700)) there is no need for triple glazed windows according to the climate.
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To design the frame of the windows the team have to decide between three materials: aluminium,
steel or PVC. In Table 39, the main characteristics of the materials are compared to each
other:http://www.zarges.com/en/company/jobs-and-careers/job-offers/
Aluminum

Steel

PVC

Durability

Very good

Very good

Moderate

Deformation

Ideal for lowtemperature
conditions in that it
retains its toughness
and its hardness
even increases.

The melting point is
much higher than
that of aluminium.
Also stable at low
temperatures

Regular plastics are not
fireproof, melt and burn
quickly. Plastics quickly
become brittle at low
temperatures.

Heat
conduction

Very good,
therefore suitable
for applications in
which heat has to be
removed.

Moderate

Very low, thus good
insulating property

Table 39. Comparison aluminum, steel and PVC frame windows [9]

The team decides to choose PVC because of the low heat conduction and also because the PVC is
affordable.
The window glazing U-values can be 2,7 [W/(m²K)] or 1,3 [W/(m²K)]. The first U-value is found for a
glazing with two layers of glass which thickness is 4 mm, without low emissivity coatings and argon in
the cavities which thickness is 12 mm. The configuration name is 4-12-4 , shown in Table 40.

Figure 60. Cross-section of the window
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The second U-value, 1,3 [W/(m²K)] is found for a glazing with two layers of glass which thickness is 4
mm, one low emissivity coatings and argon in the cavities which thickness is 12 mm. The
configuration name is 4-12-E4-, as you can see in the Table 40.
In both designs the spacer is Swiss spacer.

Table 40. Glazing U-Value [W/(m2 k)]

The cost for the window is
Double layered glass26: 60,22

€
m2

· 2 m2 = € 120,44 𝑝𝑒𝑟 𝑤𝑖𝑛𝑑𝑜𝑤 ≅ € 121 per window

Window frame27: € 316,92 per window ≅ € 317 per window

9.1.6 Conclusion
After the team has considered the many different materials and comparing them with the selected
criteria, some materials have been chosen to insulate the house with. Following now are the
conclusions for each of the structure elements within the envelope of the house.
Walls
Scenarios

Thickness
[cm]

Cost
[€]

Utotal-value
[W/m2K]

1. Masonry with EIFS
(External Insulation and
Finish Systems) using
EPS 100

34,50

9508

0,136

2. Masonry with EIFS
(External Insulation and

49,50

6832

0,116

HOUSE DESIGN REPORT

Finish Systems) using
glass wool
3. Porous concrete
element using EPS 100

41,30

5084

0,113

4. Porous concrete
element using glass
wool

41,30

5517

0,124

Table 41. Scenarios for the wall

To decide what kind of wall the team will use in the house, the team made a decision matrix because
the walls were the most difficult to compare with each other. Looking back at Table 11 (chapter 5.1.5)
the best method that can be used is the third scenario, this due to the fact that the U-value is low. This
will save money on the heating bill every year.
The second best option is the fourth scenario. This scenario, in comparison with the other scenarios,
is average on all criteria. This is why it is a good scenario, because the thickness is just as big as the
best solution, the price does not increase that much and the U-value is still within the boundaries of
the Passive House Institute.
As for the other options, the first scenario is not chosen because of the price. In comparison with the
other scenarios, this is the most expensive scenario of the lot and has the worst U-value. The second
scenario has a very good U-value, but its price is on the expensive side and the wall itself is to thick.
Roof
Thickness
[cm]

Cost
[€]

Utotal-value
[W/m2K]

1. Glass Wool Sprayed
Insulation

67,30

8910

0,106

2. Cellulose Sprayed
Insulation

67,30

8688

0,106

Scenarios

Table 42. Scenarios for the roof

The first choice is the glass wool sprayed insulation because the U-value is within the boundary. The
U-value will improve to 0,084 [W/m2K] but the cost will increase from € 8910 to € 9125.
In the second option, with the cellulose sprayed insulation, the cost is less. In this case, the U-value
and thickness have the same value. It is also possible to reduce the U-Value if the thickness of the
insulation material is increased by 10 [cm], the U-Value then becomes 0,084 [W/m2K], but the cost
will increase from € 8688 to € 9266.
Floor
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Thickness
[cm]

Cost
[€]

Utotal-value
[W/m2K]

1. Floor slab with
insulated upper side

68,40

9321

0,158

2. Floor slab with
insulated underside

72,90

6584

0,147

68

6045

0,068

Scenarios

3. Supergrund

Table 43. Scenarios for the floor

The first choice is Supergrund because the U-value is less than the others. Also the thickness is the
smaller value in comparison with the others. The cost can be decreased because of the thickness of
the insulation material and also the U-value is within the limits. If the thickness changes to 58 [cm],
by removing one layer of EPS, the U-value becomes 0,088 [W/m2K] so it is still within the boundary.
The second choice is the floor slab with insulated underside because the U-value is within the
requirements and the cost is lower in comparison with the others.
Windows
Thickness
[cm]

Cost
[€]

Utotal-value
[W/m2K]

1. No low emissivity
coating with argon (412-4)

48

438

0,80

2. Low emissivity
coating with argon (412-E4)

48

438

0,80

Scenarios

Table 44. Scenarios for the windows

Total house
Scenario A:
The team chooses in scenario A to have the U-value as low as possible. It costs a little bit more to
construct, but in the long run the client will save money from the good insulation. This due to the
heating system performing at a lower rate because it needs to heat the house up less.
Scenarios

Thickness [cm]

Cost [€]

Utotal-value [W/m2K]
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Walls:
Porous concrete
element using EPS 100

41,30

5084

0,113

Roof:
Glass Wool Sprayed
Insulation

67,30

8910

0,106

Floor:
Supergrund

68

6045

0,068

Windows:
Low emissivity coating
with argon (4-12-E4)

48

438

0,80

Table 45. Scenario A in the total house

The total cost of scenario A is:
5084 + 8910 + 6045 + (438 · 7) = € 23.105

Scenario B:
In this scenario most elements are chosen because of the price to pay for them. This scenario
contains the cheapest options for the envelope of the house. All of the U-values are within the
boundaries set by the Passive House Institute.
Scenarios

Thickness [cm]

Utotal-value [W/m2K]

Cost [€]

Walls:
Porous concrete
element using glass
wool

41,30

5517

0,124

Roof:
Cellulose Sprayed
Insulation

67,30

8688

0,106

Floor:
Floor slab with
insulated underside

72,90

6584

0,150

48

438

0,80

Windows:
No low emissivity
coating with argon (412-4)
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Table 46. Scenario B in the total house

The total cost of scenario B is:
5517 + 8688 + 6584 + (438 · 7) = € 23.855
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9.2

Thermal Results

With the thermal simulations the team achieved these results using the software Clima-Win™.
The results show that the materials chosen for the house have achieved the Passive House
requirements and are in compliance with the regulations of the city. In Figure 61 , the final results of
the final design can be found.

Figure 61 Thermal Simulation result 1

In Figure 61 the consumption of the different house systems is shown. The consumption of the
house systems are as follows:
The heating system consumes 34,00 kWh/m2/year, the “ECS” 10,30 kWh/m2/year, the
“éclairage” 5,30 kWh/m2/year and the “auxilaires” 6,80 kWh/m2/year.
The total consumption of the house is 56,4 kWh/m2/year, but the generated power from the
solar panels is 57,4 kWh/m2/year. In total it generates 1 kWh/m2/year more. Turning the house from
a passive house into a positive house. A positive house is a house that generates more energy than it
consumes.
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1. Introduction
1.1 Context
This project is developed at ENIT (École Nationale d’Ingénieurs de Tarbes) during the EPS (European
Project Semester) that takes place from 3rd March to 29th of June 2017. This semester is a European
student program that consists of working on projects, with every project having a multidisciplinary and
multicultural team. The aim of this project is to design a bio-climatic Passiv’ Haus in Labastide-Chalosse
(Landes, France (40700)) for an end client named Mr. Brouca, the project is done by the Greenit&Co
team that consists of four students:
●
●
●
●

Elia Díaz Vázquez (Industrial Engineer from Spain)
Víctor Guijarro Monforte (Mechanical Engineering student from Spain)
Cézanne de Heus (Electrical Engineering student from the Netherlands)
Geordi Zuiderveld (Electrical Engineering student from the Netherlands)

1.2 Objectives
The main objective of designing a Passiv’ Haus is to design a house that respects the environment by
using renewable energy according to the area where the house might be build, instead of only using
energy from the grid (15 kWh/m2/year). Also the house needs to be affordable, comfortable and
ecological.
The objectives have been defined by the technical supervisor, the client and the team. These
objectives have to be realised to end the project in a satisfactory manner, with a deadline for the final
document on the 22nd of June 2017. The Passiv’ Haus that is going to be designed should be a singlefamily house with a living space of 115 m2. The land where the house will eventually be build has an area
of approximately 2812m2 and is located in Labastide-Chalosse (Landes, France (40700)). The objectives
are as follows:
● To study:
○ City regulations (Labastide-Chalosse (40700)) [1]
○ Passiv’ Haus requirements [2]
● To optimize the orientation of the house
● To draw the 2D plans of the house
● To design the following systems:
○ Power generation
○ Heating
○ Lighting
○ Air-conditioning
● Window surface area and placement (16, 67% of the total area of the wall on the south
side of the wall should be window)
● To choose the adapted insulation (floor, walls, roof base)
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● Cost analysis
To achieve the objectives the team is able to count on the support of one technical supervisor (Mr.
Fabien Duco) and one project management supervisor (Mr. Philippe Fillatreau).

1.3 Applicable Documents
The applicable documents are the documents that are taken into account during this project. The
applicable documents are as follows:
● Minutes of the meetings:
○ [AD1] Technical Meeting 13/03
○ [AD2] Project Management Meeting 14/03
○ [AD3] Technical Meeting 20/03
○ [AD4] Project Management Meeting 20/03
○ [AD5] Kick-off Minutes 29/03
● Regulations:
○ City regulations (Labastide-Chalosse (40700)) [1]
○ Passiv’ Haus requirements [2]

2. Time and Budget
The project has a set runtime from the 3rd of March until the 29nd of June 2017 (final presentation
day). At the 12th of May 2017 the intermediate review will take place to evaluate the state of the project
at that moment. The project was chosen by the team and approved by the EPS coordinator on the 3 rd of
March.
The budget that is available for this project is set to be €170.000. The team should use this money as
a reference for the design of the house. This includes the materials, technical equipment, manpower etc.
The team will ask for an estimate for the materials after researching the different options from the
suppliers when the project has advanced more.

3. Stakeholders
This project has one end client (Mr. Sylvain Brouca), one representative of said client, who at the
same time is the technical supervisor (Mr. Fabien Duco) and one management supervisor (Mr. Philippe
Fillatreau). The team can only contact Mr. Sylvain Brouca if it is strictly necessary and contacting Mr.
Sylvain Brouca is only allowed through Mr. Fabien Duco.
Apart from the project team themselves Mr. Fabien Duco’s collaboration is required for the
necessary skills, knowledge, training and communication with the end user, Mr. Sylvain Brouca. Mr.
Philippe Fillatreau’s contribution is required for advice on the different project management aspects.
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Mr. Fabien Duco, Mr. Philippe Fillatreau and Mr. Sylvain Brouca’s approval is required. Mr. Fabien Duco
is also in power to oppose or stop the project. Mr. Fabien Duco, Mr. Philippe Fillatreau and Mr. Sylvain
Brouca will all receive progress reports.

4. Deliverables
The main deliverables can be divided into two separate groups; deliverables mainly for EPS
Supervisors and deliverables for the End Client.

4.1 Main Deliverables
The main deliverables are as follows:
EPS Supervisors
●
●
●
●
●
●
●
●
●

Study report (D1.1)
2D House plans (D2.1)
Thermal simulation report (D2.2)
3D CAD Model of the house (D2.3)
Requirements document (D3.1)
Planning documents (D3.2)
Monitoring Documents (D3.3)
Intermediate Review (D4.1)
Final Review (D4.2)

End Client
●
●
●
●
●

2D house plans (D2.1)
Thermal simulation report (D2.2)
3D CAD Model of the house (D2.3)
House Design report (D2.4)
Requirements document (D3.1)

4.2 Sub Deliverables
The sub deliverables are as follows:
●
●
●
●
●
●
●
●

Regulation study report (D1.1.1)
Land Visiting Report (D2.1.1)
Draft 2D House Plans (D2.1.2)
Final 2D House Plans (D2.1.3)
Materials Choice Report (D2.2.1)
WBS (D3.2.1)
Gantt chart (D3.2.2)
Intermediate Report (D4.1.1)
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●
●
●

Intermediate Presentation (D4.1.2)
Final Report (D4.2.1)
Final Presentation (D4.2.2)

5. Milestones
The milestones for the biggest part consist of the deliverables that can also be found in the WBS. The
milestones can be found in Table 1:
N°

DEADLINE

DELIVERABLE

M1

21/04

Requirements document (D3.1)

M2

24/04

Land Visiting Report (D2.1.1)

M3

03/05

Regulation study report (D1.1.1)

M4

05/05

Intermediate Report (D4.1.1)

M5

12/05

Intermediate Presentation (D4.1.2)

M6

18/05

Draft 2D House Plans (D2.1.2)

M7

23/05

Study report (D1.1)

M8

23/05

Materials Choice Report (D2.2.1)

M9

02/06

Thermal simulation report (D2.2)

M10

08/06

Final 2D House Plans (D2.1.3)

M11

15/06

3D CAD Model of the house (D2.3)

M12

20/06

Final Report (D4.2.1)

M13

23/06

House Design report (D2.4)

M14

29/06

Final Presentation (D4.2.2)
Table 1. Milestones

6. Technical Requirements
To make sure the expectations of the end client are met, technical requirements were defined.
These technical requirements include the dimensions of the house. These dimensions have a small
margin of ±1%. The technical requirements are as follows:
●
●
●

The energy consumption cannot exceed 15 kWh/m2/year
Only one floor: the ground floor.
The dimensions for each part of the house
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●

○ The living space of the house is 115 m2
○ The area of the garage is 50 m2 and it should be link to the house.
○ 50 m2 – Kitchen, living room, dining room
○ 10 m2 – Technical room (it should be link to the kitchen)
○ 24 m2 – 2 Rooms (12 m2/Room)
○ 16 m2 – Parental room
○ 5 m2 – Walk-in-closet
○ 7 m2 – Bathroom (shower)
○ 3 m2 – Toilet
Present the results of the simulations that can be used for analysis or simulation

6.1 Plans of the land
The team went on the land and took measurements. The land has an area of 5625 m2 in total (this
was measured), but this area is not completely for the client. The client has half of the land, these
measures are 37,5 m for the width and 75 m for the length, and his sister has the other half of the land
to build a house on. The full land is shown in Figure 1 , the middle is indicated with a dotted line and
north is indicated with the letter “N”. The left side of the land is for the end client and the right side is for
his sister.
In Appendix A: Land Plan document the official land plan can be found. This document says that the
area is 5500m2 in total.
N

Figure 1. Land drawing
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7. Limitations and Exclusions
In this part of the contract the limitations and exclusions are described. The limitations consist of
tasks that will be done until a certain point (for example the team will decide the materials of the house
and estimate the price of each material, however deciding on the provider will not be done) and the
exclusions consist of tasks that will not be done and are excluded from the objectives and requirements
of this project.
The limitations for this project are as follows:
● Not choosing furniture in detail, this means that only basic furniture will be chosen for
simulation purposes so we will only take care of the dimensions but not the exact model of
each object.
● Designing dimensions for the house, the dimensions are set by the client during the first
technical meeting, but the dimensions have a small margin of ±1%.
● Contacting the providers to ask for an estimation of the cost for some of the materials,
without assigning them to the actual project and asking them for a real offer. The contacting
will only be done to obtain information concerning the product and a possible cost analysis.
The exclusions of the project are as follows:
● Structural calculations of the house.
● Physical construction of the house, the house will not be constructed by the team on the
land itself.
● Connection between the different systems which are listed in the objectives chapter (for
example the connection between the heating system and the power generation system), it is
not part of the project for the team to research and establish the connections between the
systems.
● Electrical cabling; length, thickness, material of the cables etc. will not be calculated or
studied in this project.
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8. Risks
This chapter describes the risks identified for this project. For every risk there is a probability and an
impact. Probability means a measure of degree on the occurrence of a risk, measured on a scale from 0,1
(very low chance) to 0,9 (very high chance) and the impact is a number that considers how big the
damage for the end result of the project is. Should that risk happen, measured on a scale from 0,1 (small
effect on the end result) to 0,9 (large effect on the end result). The risk rating can be calculated by
multiplying the probability and the impact:
𝑅𝑖𝑠𝑘 𝑟𝑎𝑡𝑖𝑛𝑔 = 𝑟𝑖𝑠𝑘 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∗ 𝑟𝑖𝑠𝑘 𝑖𝑚𝑝𝑎𝑐𝑡 [3]
The higher the risk rating the worse the risk will be for the project. Looking at Table 2, there are
different colours which correspond to different levels of risks; Green for minor risks, yellow for medium
risks, and red for major risks.

Probability
0,9
0,7
0,5
0,3
0,1
Impact

0,09
0,07
0,05
0,03
0,01
0,1

0,27
0,21
0,15
0,09
0,03
0,3

0,45
0,35
0,25
0,15
0,05
0,5

0,63
0,49
0,35
0,21
0,07
0,7

0,81
0,63
0,45
0,27
0,09
0,9

Table 2. Probability and impact matrix [3]

With Table 2 taken in mind the team has identified certain risks that can be encountered further on
in the project. Following now is Table 3, in this table the following can be found: the description of the
risks, with the probability and the impact regarding that risk, these numbers come from a brainstorming
session performed by the team and solutions that can be applied on that risk if the team would
encounter it.
The team has qualified two risks as major risks. The risk rating is 0,45, it shows the probability which
is 0,5. The first risk, House Design, depends on a lot of parameters and it is very difficult to know and
apply them all in the first drafts. The team will learn from these mistakes and apply feedback given on
the first few drafts to improve their qualities. The team will need to iterate through the drafts to get an
acceptable concept. The other risk is 2D plans of the house, it has a 0,5 probability because the team
does not have the skills to make architectural plans yet and needs to take three different constraints into
account.
The impact of both of the above mentioned risks is 0,9 because these risks are objectives in this
project, if the team encounters these risks, the project has a higher chance of not achieving the wanted
end result.
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Impact

Risk
rating

House design does not comply 0,5
with Passiv’ Haus requirements

0,9

0,45

Test or simulate before finalising
the design and redesign where
necessary, use Passiv’ Haus
requirements checklist.

2D plans of the house do not 0,5
comply with city regulations
(Labastide-Chalosse (40700))

0,9

0,45

Consult
specialist
before
presenting final plans to the client,
redesign if necessary

Client changing requirements 0,3
throughout the project

0,9

0,27

Implement the new requirement
as quickly as possible

Not enough training time for the 0,3
team

0,5

0,15

Schedule an extra training session

Oversight in duration of tasks

0,5

0,7

0,35

Have a plan B ready, reschedule
other tasks

Not understanding questions 0,5
within the team because of
language barrier

0,1

0,05

Explain things differently, find
translators to translate struggles

The team does not have the 0,7
knowledge of the software used

0,5

0,35

Schedule training days with the
technical supervisor

Software
acquired

be 0,5

0,5

0,25

Find replacement software

Software (for example: simulation 0,1
programs, text editing programs
etc.) are not installed on the
computers

0,7

0,07

Inspect the computers for missing
software, if software is missing
alert supervisors

Saved files become corrupted

0,3

0,9

0,27

Keep backup files on different
computers, usb-sticks or on Google
Drive.

Software crashes

0,3

0,7

0,21

Save regularly and keep back-up’s

Risk description

licenses

cannot

Probability

12
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Table 3. Risks [4]
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9. Work Breakdown Structure (WBS)
9.1 Global Picture
The WBS is the Work Breakdown Structure that converts a list of deliverables into a list of tasks for
this project. In this structure the deliverables have been divided in four categories (shown in Figure 2),
broken down into tasks that will lead to achieving the client’s requirements and the expected results.
The code D in the WBS stands for deliverables and the code T stands for task.

Figure 2. Global WBS picture

9.2 Study
The first category (shown in Figure 3) corresponds with the study report that includes the regulation
of the city, the Passiv’ Haus requirements and the systems in the house (air-conditioning, lighting,
heating and power generation systems).

Figure 3. First category: STUDY
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9.3 House
The second category includes the 2D house plans, thermal simulation report, 3D CAD Model of the
house and house design report (shown in Figure 4). The team has to realize a study of the different
systems and materials; the local environment, as well as analyse and simulate them.

Figure 4. Second category: HOUSE

9.4 Management document
The third category consists of the organization of the project as well as; requirements document,
planning documents and monitoring documents (shown in Figure 5).

Figure 5. Third category: MANAGEMENT DOC.
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9.5 EPS Document
The last category contains the intermediate and final reports and presentations (shown in Figure 6).

Figure 6. Four category: EPS DOCUMENT
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9.6 List of Tasks
To have an overview of the different tasks within this project, a Table 4 has been made with an
overview of the different tasks that can also be found in the WBS.
The letter R correspond to the responsible person for that task and the letter W is for working on
that task.
Code

Task

T1.1.1.1

Study & summarize city regulation

T1.1.1.2

Study & summarize passiv' haus requirements

T1.1.2

Study & summarize all the house systems

T2.1.1.1

Visit the land

T2.1.1.2

Write land visit report

T2.1.2.1

Realise 2D plans with SW

T2.1.2.2

Geordi

Elia Cezanne
RW

RW

Victor
W

W
W

RW

W

RW

W

W

RW

RW

W

W

W

Training 2D plans designing

RW

W

W

W

T2.1.3

Finalize 2D house plans

RW

W

W

W

T2.2.1.1

Study of insulation materials

W

RW

T2.2.1.2

Write material choice report

W

RW

T2.2.1

Validate material choice by Thermal SW

W

W

RW

W

T2.2.2

Write thermal simulation report

W

RW

W

W

T2.3.1

Modeling training with CAD SW

W

W

W

RW

T2.3.2

Design 3D CAD model of the house

W

W

W

RW

T2.4

Write house design report

W

W

RW

W

T3.1

Write requirements document

W

RW

W

W

T3.2.1

Realise WBS

T3.2.2

Design Gantt chart

T3.3.1

Update logbook

T3.3.2

Monitor the project

W

T4.1.1

Write intermediate report

W

W

RW

W

T4.1.2

Prepare intermediate presentation

W

W

W

RW

T4.2.1

Write final report

W

RW

W

W

T4.2.2

Prepare final presentation

RW

W

W

W

W

W
RW

RW
W
RW

Table 4. List of Tasks.
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10.

Gantt Chart

The team has made a Gantt Chart to plan the progress of the project. The Gantt Chart is designed
with the software Microsoft Project®. This Gantt Chart includes a table with every task, with its duration
and the starting and finishing dates (shown in Figure 7); The tasks are divided as the WBS is defined.
Also, every task has been assigned a resource (the team).

Figure 7. Gantt planning; task and duration
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The Gantt Chart with the bar-planning can be found in Figure 8. The initials of the resources are
shown in the bars of the Gantt Chart. The initials corresponds with the names of the team members. The
initials are as follows:






EDV: Elia Díaz Vázquez
VGM: Víctor Guijarro Monforte
CDH: Cézanne De Heus
GZ: Geordi Zuiderveld

Figure 8. Gantt Chart

To make the Gantt chart the team started by filling in every taskname, which can also be found in
the WBS, and add the milestones. After that the dependencies were added as well as the deadlines for
every task and milestone. With the help of the deadlines of the milestones the start dates and
dependencies of the tasks were set. When that was done the resources were added to each task and the
hours for those tasks were edited.
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A few tasks/days are over allocated, but these can be explained. For example a few members of the
team are over allocated due to training that will be given somewhere during the upcoming months, but
since this training does not have a specific date attached to it yet and has now two dates reserved for it
to give some “playroom”, it gives a “conflict”.

11.

Quality

In this chapter the quality will be discussed and how the team is going to achieve a good quality for
this project.

11.1 Project organisation
For the project organisation there will be looked at how the project is carried out. The project is
carried out by a team of four international students who are supervised on both technical and
management aspects of the project by two teachers of the ENIT. The role of the project manager will be
carried out by a different person every other week. This way everyone will learn the role of a project
manager and will have this responsibility.
The main functions of the project manager in general are to plan, monitor the project and keep a
good overview of the current status of the project.
For the technical and management meetings one meeting leader and one secretary will be
appointed. These roles will be taken on by a different person every meeting. This way all the team
members will obtain more experience in both leading a meeting and writing the minutes.
The agendas of the meetings will be mailed to the supervisors two days before the meeting starts
and the minutes will be mailed to the supervisors after they are structurized. The important documents
that the supervisors need will also be mailed to them.

11.2 Names of the documents
The names of the documents are as follows:
“Number_name_version number”
The number is only used for the documents that can be found in the WBS. These numbers
correspond with the numbers of the WBS categories. The name is the same as the deliverables.
The first version number shows in what stage the document is, whether the document is in a draft
or final stage. The second number explains which version it is. For example if it is version 0.1, this means
that the document is the first draft version without any checks from the team. If the document has
version number 0.2, this means that the document is still a draft version, but there have been made
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some bigger changes after a check from the team. The draft version is the very first version of a
document without any checks from the supervisors. This means that this version has only been seen and
checked within the team.
0 Draft stage
1 After first check supervisor/finished stage
2 After second check supervisor/finished stage

12.

Working Conditions

The working conditions consist of the working times, the place where this time will be spent and the
amount of times the meetings will take place.
For EPS it is mandatory to work a minimum of six hours a day on the project from Monday to Friday.
The team will work in their office, located in the LGP building, room Salle de travail BTP 1, from 9:00 to
18:00* with a two hour break in the afternoon when the team needs it (there will not be a set time for
the break), unless the working time and place were discussed otherwise by the team the previous day.
There will be a technical meeting and a management meeting once in two weeks, unless more
meetings are required. In this case the team will contact the required supervisor. The meeting will take
place in the team’s office.

*

This time will differ in case there are classes that have to be followed that day.
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13.

Conclusion

This contract is entered between Greenit&Co and the supervisors.
The term of this Agreement will become effective on the 29th of March and shall continue until the
22 of June 2017.
nd

This contract cannot be modified in any way unless such modifications are made in writing and
signed by both Parties. This document constitutes the entire agreement between the Parties.
It is agreed, by signing below, the Parties agree to be bound by the terms of this contract.

Signatures of the Team:

Signatures of approval from the Supervisors and Clients:

Elia Diaz Vázquez (checked by)

Fabien Duco (Technical supervisor/Client representative)

Víctor Guijarro Monforte (written by)

Philippe Fillatreau (Management supervisor)

Cézanne de Heus (written by)

Sylvain Brouca (End client)

Geordi Zuiderveld (written by)
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Appendix A: Land Plan document
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1. Introduction
In this chapter the planning for the project is explained. The objectives and the deliverables are
known and with these the team has been able to make the Work Breakdown Structure (WBS). The WBS
is designed with the XMind 8™ software. As a result, the team has obtained the tasks of the project,
assigned the team member responsible for each task as well as the team members that are working on
each different task.
The following step to plan the project was to estimate the duration of the tasks. First, the team
decided to define the deadlines for the deliverables, which are called milestones. The team created the
Gantt Chart to plan the project in the time that is available. The Gantt Chart is designed with the MS
Project™ software.
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2. Work Breakdown Structure (WBS)
The WBS is the Work Breakdown Structure that allows converting a list of deliverables into a list of
tasks for this project. It is a difficult tool to use because the team has no experience using this tool. At
the beginning of the project the team only knew that it should divide the project in four branches. These
four branches are the main four groups of the deliverables. The method to make the WBS is grouping the
deliverables. The team tries to group the deliverables most related in different ways, this until the most
appropriate solution has been found. This was a large process because the team spent a lot of time to
decide and discuss the main and sub deliverables as well as the tasks.

2.1 Global Picture
In this structure the deliverables have been divided into four branches (shown in Figure 1), broken
down into tasks that lead to meeting the client’s requirements and the expected results. Each branch has
a different colour and code in order to identify every deliverable. The technical part consists of D1 Study
and D2 House, the management part is D3 Management documents and D4 are the EPS documents.

D: Deliverable
T: Task

Figure 1 Global WBS picture
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2.2 Study
The first branch (shown in Figure 2) corresponds to the deliverable, called study report that includes
the regulation of the city, the passive house requirements, both are included in the sub deliverable
regulation study report, and the systems in the house (power generation, heating, ventilation and
lighting systems).

D: Deliverable
T: Task

Figure 2 First branch: STUDY
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2.3 House
The second branch includes the deliverables: 2D house plans, thermal simulation report, 3D CAD
Model of the house and house design report (shown in Figure 3). The house branch includes all of the
technical parts of this project. The team has to carry out a study of the different house systems and
materials choice; the local environment, as well as analyse and simulate them in a thermal software to
check all the requirements.

D: Deliverable
T: Task

Figure 3 Second branch: HOUSE
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2.4 Management Document
The third branch consists of the organisation of the project. The deliverables are the requirements
document, the planning documents and the monitoring documents (shown in Figure 4). The
requirements document consists of all the main requirements and the structure of the project. The
planning documents are WBS and Gantt Chart to follow the project and the monitoring documents are
used by the team to keep the project updated and under control.

D: Deliverable
T: Task

Figure 4 Third category: MANAGEMENT DOC.
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2.5 EPS Documents
The last branch contains the intermediate and final reports and presentations (shown in Figure 5).

D: Deliverable
T: Task

Figure 5 Fourth category: EPS DOC.
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3. Gantt Chart
To plan the project, the team has made a Gantt Chart to have a clear overview of all the tasks and
the duration of said tasks with starting and finishing dates. The tasks are divided as the WBS is defined,
meaning the task names in the WBS can also be found in the Gantt Chart, shown in Figure 6. In addition,
every task has been assigned one or several human resources (Fout! Verwijzingsbron niet gevonden.).

Figure 6. Organization Gantt
Chart

The first task for the planning is to calculate the available hours for the project. First the workdays
have been counted in the school-hyper planning. Since the rule of the EPS is that the team has to work a
minimum of 6 hours per day, the days can be multiplied by 6 hours. In total the group has 138 hours of
classes, so this number has to be subtracted from the total amount, resulting in hours available per
person. This is then multiplied by 4, since the team consists of 4 people, resulting in the total amount of
hours available for the complete project. The calculation is done as follows:
69 days in total
138 hours of classes
69 days·6 hours=414 hours
414 hours-138 hours=276 hours per person
276·4=1104 hours for the whole team
Greenit&Co has taken into account that the team has 1104 hours to spend in total, as a reference.
This corresponds to 276 hours per person. In case the team needs more time, it is possible to have
longer workdays of for example 10 hours per day. When the available time is clear, the team estimates
the needed duration for each of the tasks with the help of the set deadlines for the milestones.
With the help of the milestones the duration of the different tasks has been estimated, which then
resulted in a start date that could be filled into the Gantt Chart along with the finish date.
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To make the Gantt Chart the team started by filling in every task name, which can also be found in
the WBS, and added the milestones, an example is shown in Figure 7. After that the dependencies are
added, as well as the deadlines for every task and milestone. With the help of the deadlines of the
milestones; the start dates, finish dates and dependencies of the tasks are set. All the tasks were set to
fixed duration, this to have the program calculate the workload (shown in Fout! Verwijzingsbron niet
gevonden.). When the workload hours appeared to be too much in comparison with the reference
hours, these were edited with the unit percentages of the human resources. After the resources were
assigned to the different tasks. Since on some tasks the assigned team member would not be working for
100%.

Figure 7 Gantt planning; task and duration
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The Gantt Chart with the bar-planning can be found in Figure 8.The initials of the resources are
shown in the bars of the Gantt Chart. The initials correspond with the names of the team members. The
initials are as follows:





EDV: Elia DÍAZ VÁZQUEZ
VGM: Víctor GUIJARRO MONFORTE
CDH: Cézanne DE HEUS
GZ: Geordi ZUIDERVELD

Figure 8 Gantt Chart
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3.1 Pie charts
The team has created different pie charts to represent the percentage of hours needed per branch
and per person. Each branch, shown in the pie charts, corresponds with the same named branches in the
WBS. These branches are study, house, management and EPS, shown in section 2.2.1). Another pie chart
has been done to represent the percentage of hours needed per branch.
The first result in the pie chart shows (Figure 9) the percentage the team needs per branch. For the
technical part it is approximately 59%, for EPS documents 21% is needed, and for management
documents 20% is necessary.

PASSIVE HOUSE
EPS
21%

STUDY
12%

MANAGEMENT
20%

HOUSE
47%

Figure 9 Passive house pie chart

The charts (Figure 10,

Figure 12,

Figure 11 Fout! Verwijzingsbron niet gevonden.) represent the amount of hours that each member
of the team is working on the tasks, divided into the four branches. The percentages are for all members
approximately the same. This due to the way the tasks are divided and the workload for each of the
tasks.
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Figure 12 Victor GUIJARRO pie chart

Figure 10 Elia DÍAZ pie chart

Figure 13 Geordi ZUIDERVELD pie chart

Figure 11 Cézanne DE HEUS pie chart
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The tasks have been divided this way so that everyone can learn an equal amount on every subject.
Since the experience in most categories are around the same level of the team members, makes this
project a good opportunity for them all to gain experience in the different fields.
The major difference in the pie charts is that Víctor GUIJARRO and Cézanne DE HEUS have
approximately 10% more in the study branch compared to Elia DIAZ and Geordi ZUIDERVELD (who have
approximately 10% more in the house branch). This is due to the fact that Víctor and Cézanne are
studying the systems for the house while Elia and Geordi are researching the material choice for the
house. These tasks are in two different branches and this choice has been made because the subjects
chosen by the four of them are more interesting for that person in comparison to the other subject.

4. Conclusion
Once the planning part of the project is finished the team is ready to start with the technical part.
Greenit&Co has a lot of tools to be able to plan and monitor the project effectively. The team
understands and knows all the requirements and objectives of the projects, and the limitations and
exclusions as well. This part is the base of the project in order to comply with the requirements.
Also, the team plans the project to help during the whole project. As a result, creating the WBS and
the Gantt Chart, the team has a general vision of the project and it is easier to work. Because the team
can situate all the tasks in the timeline and, at the same time, it is ready to change the plan if some
problems appear.
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1. Introduction
The aim of this document is to describe the monitoring of the project. Not only planning a project
and executing it is important, but also keeping track on how the project is going.
Different tools have been used for monitoring. This due to the fact that at the beginning of the
project the Gantt Chart was not available yet and the team wanted to keep track on the hours spent on
the project, this to have a good overview later on when the planning was done. In this chapter the
monitoring of the project is explained, including the actual work, tracking Gantt and the deliverable
status. Also, the cost analysis is included in this chapter, in the cost analysis the costs for the systems,
materials and miscellaneous can be found. In the third part the validation and acceptance is discussed
and lastly the chapter is concluded in the conclusion.

2. Monitoring
2.1 Actual work
By monitoring the Gantt Chart it is easy to see how much time was planned for certain tasks and
how much time is actually spent on it, hence the name actual work. By using the planned work hours, of
which the pie chart is shown in Figure 1, and actual work hours the pie chart shown in Figure 2 has been
made.

Figure 2 Actual work pie chart

Figure 1 Planned work pie chart

As is shown in the pie chart of the actual work, the percentages are a bit different from the planned
work. The biggest change is the change in percentages in the study and house branch. This due to the
fact that the team spend more time on the system study report than previously anticipated. There was
more time needed because finding the right house systems for the different purposes was not as easy as
thought at first. Especially when it came down to finding the prices for the different systems. these were
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often not shown on the sites and the team had to send in a request for quotes to eventually get the
prices.
Furthermore, the team spend less time than anticipated in the house branch, this due to the fact
that the realising and finalising of the 2D house plans took less time as well as the thermal simulation.
According to the success of the project the team has asked for the technical supervisor’s help with the
thermal simulations. It was a decision of the whole project team.
However, the material choice study took longer than expected, which caused the percentage to still
be the largest of the four branches. The material choice report took longer, because there are a lot of
materials and it is also important, cost wisely, to find suppliers in France.
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2.2 Tracking Gantt
The tracking Gantt helped the team to improve the way of carrying out the tasks. This due to the
fact that it is possible to know what had to be done at which moment and show how much time the
team has to finish the tasks.
This is done manually by using the “Tracking Gantt” view in this software. First the baseline is set,
this to be able to see the difference in planned and actual duration. To monitor the different tasks the
tool “Update tasks” is used. By using this the actual start and finish date could be filled in as well as the
completeness of the tasks.
The completeness of the tasks is determined by the duration that is planned for the tasks. In case a
task is late, the finish date is manually moved and therefore the percentage of completeness changes
alongside it.

Figure 3 Study tracking Gantt

In Figure 3 the monitoring of the branch study can be found. As is shown in the chart, the study and
summarizing of the city regulation and passive house requirements took less time than the team had
anticipated, this meant that the team could start working on another task earlier. The study and
summarizing of the house systems took longer than expected, therefore the milestone of the study
report also had a delay.
In the chart a time gap of no work can be found. This does not mean that the team did not work
during this time. In the time between study and summarizing the city regulations and passive house
requirements and study and summarizing the house systems, the team worked on realising the draft 2D
house plans and the intermediate report.
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Figure 4 House tracking Gantt

As is shown in Figure 4, realising the draft 2D house plans was started before the planned date. This
due to the fact that there was time for a few of the team members to start working on this task while the
others were working on the intermediate report. Since the team wanted to include a draft design, to
show their progress on the technical part of the project.
Finalising the 2D house plan took less time, since the team used the draft 2D house plans to obtain
the final plan. They only had to apply some minor changes when one of the two concepts was chosen as
the final plan.
Most tasks in the house branch were started later than planned, this due to the fact that some tasks
took longer than expected. In the end this did not turn out to be a problem, because the team managed
to finish all the tasks in the available time for the project.
At this point the team only has to start writing the house design report. In the house design report
the client will be able to easily access information that is only important to him, this means the house
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design report will mostly consist of the technical subjects of the final report. Therefore the final report
first has to be finished before the team can start working on the house design report. This will not be a
lot of work and can easily be finished within half a day or perhaps less.

Figure 5 Management Doc. and EPS Doc. tracking Gantt

In Figure 5 the management doc. and EPS doc. branch chart is shown. As can be seen in the chart,
realising the WBS started later, but also finished earlier. Less time was needed to carry out this task.
Designing the Gantt Chart took the amount of time that the team had planned for it as well as writing
the requirements document, updating the logbook and monitoring the project.
Writing the intermediate report, in the EPS doc. branch, started slightly later than the team had
planned and therefore, in agreement with the supervisors, the team was allowed to submit the
intermediate report one day later than planned. This did cause a slight delay in preparing the
intermediate presentation. This was however not a problem, since the team’s intermediate presentation
date was one day later than previously thought.
Writing the final report started on time, but took longer than previously anticipated, but the team
will be able to start working on the final presentation on time, which still has a completeness rate of 0%,
since the team has not started working on the final presentation yet and will do this after the final report
is finished.
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2.3 Deliverables status
Throughout the project the team has kept track on the statuses of the deliverables. This is done in
an Excel™ file. In Table 1 the deliverables along with their planned deadlines, actual deadlines and status
is shown.
Milestone
N°

Deliverables

Planned
deadline

Delivered
on

Work days
late

Status

1

Requirements Document (D3.1)

21/04

24/04

3

100%

2

Land Visit Report (D2.1.1)

24/04

26/04

2

100%

3

Regulation Study Report (D1.1.1)

03/05

03/05

0

100%

4

Intermediate Report (D4.1.1)

05/05

05/05

0

100%

5

Intermediate
(D4.1.2)

12/05

12/05

0

100%

6

Draft 2D House Plans (D2.1.2)

18/05

19/05

1

100%

7

Study Report (D1.1)

23/05

09/06

13

100%

8

Materials Choice Report (D2.2.1)

23/05

09/06

13

100%

9

Thermal
(D2.2)

02/06

22/06

14

100%

10

Final 2D House Plan (D2.1.3)

08/06

08/06

0

100%

Presentation

Simulation

Report
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11

3D CAD Model of the House
(D2.3)

15/06

14/06

-1

100%

12

Final Report (D4.2.1)

20/06

23/06

3

100%

13

House Design Report (D2.4)

23/06

23/06

0

0%

14

Final Presentation (D4.2.2)

29/06

26/06

-3

100%

Table 1 Deliverables status

Legend:
· 0 days late
· 1-5 days late
· More than 5 days late
As is shown in the table, a few deadlines are met within the planned time, but others needed more
time to finish. This due to the fact that for some tasks the workload has been estimated to be less than it
in reality appears to be. Therefore tasks are moved as well as the planned and actually used resources
for certain tasks, this to divide the workload more to be able to finish the project in time and in a
satisfactory manner. For example the whole team should have worked on the thermal simulation and
the 3D CAD model of the house, but due to the fact that they were behind on schedule, the team split up
so these two tasks could be carried out parallel to each other.
The materials choice report and the study report have been two of the most delayed deliverables
with 13 days of delay for each one. This due to the lack of knowledge that the team possessed at the
beginning. For example during the materials choice report the team had to find the prices of every
material, which was not an easy task due to the fact that most of the providers do not show the prices
on their websites. It was also difficult to exactly understand all the parameters to take into account in
order to decide the best option.
The study report also has 13 days of delay because it includes the study of the house systems. The
house systems were new for the team at the beginning, the lack of knowledge made the team spend a
lot more time on understanding the main concepts, trying to find prices and researching the proper
systems for the passive house as well as meeting the passive house requirements regarding the power
consumption.
The most delayed deliverable is the thermal simulation with 14 days. After the studies of the
materials and the systems the project team made a decision. After looking at the time remaining for the
project and the complexity of the software program Clima-Win™ the technical supervisor offered to
make the thermal simulations. This to use the time on the other tasks that still had to be finished.
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However, even with the fact that a few deliverables were late, the team has been able to finish them
all within the time available for the project.
The project is accepted using the status of the deliverables. When the status of the deliverables
reaches 100%, the documents are signed by the team. After this has happened, the documents are sent
to the supervisors for acceptance. This means that once the supervisors agree with the contents of the
document, they sign to approve and accept the document.
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3. Cost analysis
In this chapter the cost analysis can be found. These costs include the studied systems, materials and
miscellaneous costs, this to have an overview of how much money is estimated to be reserved for these
three sections. The construction of the house itself, including the man hours of the workers and the
equipment that they will use are not included in this cost analysis.
The costs of the team are also not included in this cost analysis, since the team works on this project
for free and the office did not have to be rented either. It would be useless to calculate those hours,
since these costs are not made. The software is used, is also available on the computers in the office, so
no licensing of these products is required.

3.1 Systems
The first part shows the cost of the house systems within the house. These house systems include
systems for power generation, heating, ventilation and lighting.
Element

System

Cost

PV Solar Panels

Solar Panel BISOL BMO-300

€ 3.285,00

Heating system

ALTHERMA MURAL 4 TO 8 KW

€ 2.959,74

Ventilation system

GES Energy 1 (Horizontal) (Z010339)

€ 2.652,13

Lighting system

LED bulbs

€ 168,00

Total

€ 9.064,87

Table 2 Cost analysis of the house systems

The systems used within the house are presented in Table 2. These systems are compared with
viable other options in the study report. After the comparison the cheapest solution, which is also able
to provide what is required, has been chosen to apply in the house.
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3.2 Materials
The second part of this cost analysis shows the cost of the materials which are used within the
envelope of the house.
Element

Material

Walls

Porous concrete

Cost
€ 64,33

EPS 100

€ 4.655,20

Plastering system (BA13)

€ 363,95

Subtotal
Roof

€ 5.083,48

Roof covering

€ 450,00

Cross wood beam

€ 6.666,00

Glass wool sprayed insulation

€ 1.506,52

Plastering system (BA13)

€ 286,64

Subtotal
Floor

€ 8.909,16

Reinforced concrete slab

€ 188,27

EPS 100

€ 3.176,25

Sand binding

€ 244,62

Radon barrier

€ 108,57

Hardcore

€ 376,00

EPS 300

€ 1.292,50

Reinforced concrete ring beam
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Subtotal
Windows

€ 6.044,68

Double layered glass

€ 120,44

Window frame

€ 316,92

Subtotal per window

€ 437,36

Subtotal all windows

€ 2.624,16

Total

€ 22.661,48
Table 3 Cost analysis of the materials used in the house

After the study of the materials, the above mentioned options have been chosen by the team. The
team has chosen these options because of the balance between the U-value, cost and thickness. It is not
the cheapest solution but this scenario will save cost in the heating system because this system does not
need to run that often because of the chosen insulation materials.
Moreover, a meeting with the technical supervisor concluded that the prices indicated by the team
were a good representation of the prices in the real world.

3.3 Miscellaneous
The last part of the cost analysis are the costs that do not have a category.
Element

Type

Electricity- phone- and internet connection

Cost
€ 1300,00

Garage

Building
Total

€ 24.123,00
€ 25.423,00

Table 4 Cost analysis of miscellaneous costs

The price of the electricity connection to the house was given by the technical supervisor during the visit
of the land. After a small study the cost of the garage was found to be € 24.123,- according to the
reference [1]. This price indicates the price of the materials to build a garage.
If all of the costs are added together the total cost for the project is:
9.064,87+22.661,48+25.423,00=€ 57.149,35
It has to be reminded that the costs for the designing and the construction of the house are not
taken into account in this cost analysis.
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4. Conclusions
In this chapter the document is concluded. This includes the monitoring of the project and the cost
analysis that were previously discussed.
The monitoring of the project has been done by filling in a logbook throughout the duration of the
project. This to keep track of the time that is spend on the different tasks. However, the logbook was not
the only monitoring tool the team used. The team also used the Gantt Chart to monitor the project. This
was done by using the tracking Gantt function in MS project™.
By using the tracking Gantt it is easy to keep track on the completeness of the different tasks. This
way it is clear what to move when a certain task finishes earlier than expected or when a task is delayed
for example. By filling in the actual start date and finish date of the tasks as well as the completeness of
the tasks according to the duration.
In the end, a few tasks were delayed, due to the fact that some took more time than the team had
previously anticipated. However, this was not a big problem. All the planned tasks have been done and
finished in time, meaning that all the deliverables were also finished before the end of the project.
The cost analysis include the costs of the studied systems, materials and miscellaneous costs, this to
have an overview on how much money is estimated to be reserved for these three sections. The
construction of the house itself, including the man hours of the workers and the equipment that they will
use are not included in this cost analysis.
The costs of the team are also not included in this cost analysis, since the team works on this project
for free and the office did not have to be rented either. It would be useless to calculate those hours,
since these costs are not made. The software that is used, is also available on the computers in the
office, so no licensing of these products is required.
If all of the costs are added together the total cost for the project is:
9064,87+22.661,48+25.423,00=€ 57.149,35

15

MONITORING DOCUMENTS

References
[1]
Cost
to
build,
w.d.,
http://www.costtobuild.net/est_garage.html

General

16

Information,

retrieved

from

Minutes meeting 14-03-2017 (project management)
Slides with requirements for next meeting
Send agenda two or three days before meeting
In case enough information we’ll have meeting on Monday.
Prepare some slides and explain project to him. Progress made in that time. We also send it to him.
Explanation of the project, short and clear, what is the passiv’ haus, who are the supervisors, the
client and the stakeholders.
End client is mr BROUCA, client is technical supervisor because we don’t have contact with the end
client.
Define animator (who keeps the points in check and the time) and a secretary who takes a note.
Clear definition of a GRID. Slide where this is explained. Talking for the others who understand less
than us.
According to French regulations a normal residential house consumes 50 kwh/m2/year, a passiv’
haus consumes 15 kwh/m2/year, in 2020 it has to be 0 kwh/m2/year (perhaps put this in a slide as
well to explain passiv’ haus)
Requirements.
Check all the written down requirements.
Currently we’re completely depending on Fabien. Keep an eye on a clock on him considering things
he has to do for us.
Make a logbook
Next meeting at 17:00 with him in our office
Q second meeting mr. Duco:
-1 or 2 toilets?
-3 rooms with or without the parental room?
-Garage separate from the house or attached to the house?
-What are the deliverables?
-What type of green energy has to be used (solar, water, wind etc.)

Minutes Project Management meeting 20-03-2017
Meeting leader
Secretary

Elia Diaz Vázquez
Cézanne de Heus

What could/should be changed in the PowerPoint slides:
















“Maximum consumption: 15 kwh/m2/year” or “Maximum of 15 kWh supplied by grid”
instead of “15 kWh supplied by grid”.
We have to say/write down what is needed with accurate words.
Add more information to the words, so it’s more informative and clear what they mean.
What the regulations generally are (to give more information to a word):
o Size
o Number of floors
o Colour
o Roof
o Material of the roof
o etc.
Define “important” words in presentation so people that don’t know anything about the
subject, will still be able to understand
Add more information, but not too much information, or add images to fill up the free spaces
in the slides
Watch out for redundant words/points
“Window area” is not the right word, maybe use another word like “area surface”
Define how Mr. Sylvain Brouca is the end client or define if Mr. Duco is the end client, since
we will only have contact with the client through him and not with Mr. Brouca himself
“3D view” should be changed to “3D plans” or “3D drawing of the house”
Research report should be called something like a “study report”
For deliverables, change “Intermediate report” to “Intermediate report/presentation”, same
for final.
Group the deliverables
Exclusion: Cabling needs more information (also add the lengths, thickness, sort of cable,
designing) for the contract as well
Make the steps/points in PowerPoint etc. specific.

Objectives should be SMART.
SMART






Specific
Measurable
Attractive/Achievable
Reachable/Reasonable
Time/Temporal

What falls under Measurable:



15 kWh/m2/year
Regulations:
o Thermal regulations
o Passiv’ haus regulations
o Architectural regulations
o City regulations
 How many pages are there in the city regulations?
 Do you have to respect them all?

This will give us the Measurable and the limitations.
R in SMART is reachable/reasonable, are the regulations reachable? If not and we go for 10
regulation points instead of 15, is it reasonable?
Study report: What do you have to study?
To refine SMART we’d need a second version for the contract later on.
WBS is for the deliverables, to determine what is done before what. Input is deliverables, then decide
what team member is working on what.
Gantt chart will be made after the WBS. There might be more versions of the Gantt chart later on in
the project.
Requirements document is not an EPS requirement.
Risk analyses:





Risk
Level
Preventive actions
(Corrective actions)

For example: Risk of not having the right skills.
We need traceability with colours etc. Not only for the risk analysis, but also for the WBS.
“Exclusion is something you won’t do, limit is something you do until one point.”

Action points:















For the objective we have to add cost analysis
We have to get the regulations
Make the changes where really necessary as described above
Put the “passiv’ haus” and “passiv’ haus – how?” slides together
We have to think about how we’re going to organize the project (with these points we can
predict how much time will be needed)
o From what time to what time will we be working in the office (has to be 6 hours a
day)
o What are we going to do in this time
o Who is responsible for what (we can decide if we want to switch the responsibility
during the project)
o Decide how often we want a PM meeting
We need days to research/summarize the regulations, so we have to keep that in mind when
making a planning.
We should group the deliverables:
o EPS documents (related)
o Management documents (related)
o House documents (related)
o Study documents (related)
Risks have to be written out (with level of risk). Define the risks mr. Duco gave in more detail
“Risk of management: risk of needing more time than planned for thermal regulation study”
for example.
If we have finished a draft version of the WBS before the kick-off meeting, we can send it to
Mr. Fillatreau and he’ll look at it and give us feedback
Next time add project leader and secretary for that meeting to the agenda
Send the minutes to PM supervisor

Question Mr. Duco:



Should we look at the interaction between the different systems and should be look at the
effect of one system on the other?
Who should be defined as the end client? You or Mr. Brouca? Or should we define you as the
end client and Mr. Brouca as the end user?
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MANAGEMENT MINUTES
The aim of this document is to explain the management meeting for the project “Design a BioClimatic Passiv’ Haus”. The meeting took place in room Salle de travail BTP 1 at ENIT.

1.1 Participants
The participants of the management meeting were:
●
●
●
●
●

Elia DÍAZ
Víctor GUIJARRO
Cézanne DE HEUS
Geordi ZUIDERVELD
Mr. Philippe FILLATREAU (Management supervisor)

●
●

Chairman: Elia DÍAZ
Secretary: Geordi ZUIDERVELD and Víctor GUIJARRO

2. Documents
●

Requirements document.

2.1 Requirements document
During the meeting the team received the following suggestions:
WBS


WBS format needs to change to make sure that supervisor is able to check it.

Requirements document









Applicable documents are those that contain information we apply and references are those that
contain information we use.
We could call bibliography instead of references.
Codes could be RDx for bibliography and ADx for Applicable documents.
Deliverable order and the milestones are okay except a column of milestones that needs
removal.
The milestones should be a copy paste from WBS and use the same codes.
About the tolerances the team need to add +/- 1% (in bold characters for visibility).
The end of the project is on 29th of June because the final presentation is part of the project, so
the team have to change it and remove one sentence to avoid saying that twice.
We shouldn’t duplicate information to avoid commit mistakes twice.
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If some remarks were not clear print screen it and send to the supervisor.
Risks are not specific enough for the project so it is not adding value, the team can keep it but
would be better to think about it and modified before the intermediate review.
The team should add a legend underneath the table instead of in the text.
Not the same names for written and checked.
Name the document and then the version number.
Quality is maybe too early in the project but keep it anyway to improve it.
Dedicated meeting to discuss the quality segment.

3 Summary action-points
The team will do the following actions:







The codes of bibliography and applicable documents will be edited.
The extra column in the milestones table will be removed and the code for that table will be the
same as in the WBS.
The duplicated information will be removed in order to not repeat information or mistakes.
We will think about the risks to make them more specifics.
The names for the written and checked will be changed.
We will keep the quality section in the requirements document but we know that needs to be
improved.

4 Conclusion




We should take more care about the codes of the applicable documents and bibliography.
We will arrange a meeting to talk about quality and Gantt chart.
Be more specific.
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Intermediate report
The results are visible, but the method is not visible. This has to be added.
Signatures page in the appendices
“Systems” should be more specific
We have to explain the workload estimation and how we did it.
We have too many chapter, put more chapters under other chapter.
Explain how we get to the percentages for the completeness in the Gantt Chart.
Monitoring is based on workload, not on duration since on duration means that it will be halfway
when the date is halfway there.
The completeness of the tasks is the Percentage of planned workload.

Monitoring in the gantt chart is based on planned workload, this is meaning that we can work 110%
for example. We are counting to 100 but not to 110 etc.. what is the impact on the duration if you go
above the 100%.
Everything what happens after 100% is not noticed in the gantt, monitoring gantt might be to
complex for the team.
What happens when you enter 150% work done?
Some tasks are like islands, there are not enough dependencies. The team explained that there are
dependencies in a separate gantt chart. “Why do they not appear in the monitoring gantt”
If you cannot monitor using gantt then you use excel (Logbook). Most groups do not make the
monitoring in a proper way.

Management global methodology was not visible. The scope was never clear.
WBS input is deliverable and the output is tasks.(!!!)
Everybody tried to define what a WBS is.
Category can also be translated as column in the WBS.

We have to solve the over-allocations, do not say this can be explained but explain them.
Sentences might be a bit long, cut the long sentences and do 1 thing at a time.
Quotation marks might be a little bit suspicious

Maximum means nothing in total available workload.
Share common problems, like the days available for the project.
“If you show piecharts with a responsibility share”
Do not pretend to know everything because the jury is more experienced then you. If you try they
like to play with you.

Liked the designing chapter. The how we are designing it, just some sentences need to be rephrased.
Explain why the WBS is the best for our project, based on the nature of the deliverables etc.

The way to get to the result is more important than the result.
Gantt chart is hardly readable organise it in a landscape mode.

Present the gantt chart with closed summarised tasks and then explain 1 in more detail.
Trying to show too many things
There is something missing between the deliverables and the complete list of tasks. Tasks say it all
but it is too much.
Scope and planning could be integrated
Grouping tasks is important, it is close to the list of deliverables but a bit different.
Objectives on a more general plan, then detail the requirements
Call the project context a “General” needs expression
A scope is what is inside and what is outside of the project. Then come the detailed what’s.
First we decide in a main line what we are going to do then we go in further detail about what is in
and what is out of the project.
Presentation changes are mainly about the titles.
Let powerpoint make an outline for the presentation
Maybe change the introduction to a introduction and a needs expression then follow up with the
scope.
The context is that someone wants to build a passive house in Landes.
It is fine to separate the scope of the planning, just do it in the way Fillatreau wanted it.

Nobody expresses needs without expressing the deliverables.
The slide with the global location should not be in technical progress but rather be in a separate
slide.
Deciding what is in and what is out needs technical skills so it is not management documents it is
technical.
Task percentage is not a title, project progress may be better
Percentages done of D1, D2 etc.
The way the next steps were presented was also a problem today, nobody could establish traceability
with the gantt and the things to do.
Do not start the conclusion with “We continue monitoring” but say a next technical task.
Show the percentages deliverables, tasks and the different branches of the WBS.

The global technical approach is not clear enough, this may have been discussed with Fabien already
if not it should.
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MINUTES MEETING

1. Introduction
The aim of this document is to present what has been discussed in the management meeting for
the project “Design a Bio-Climatic Passiv’ Haus”. The meeting took place in the LGP building

1.1 Participants
The participants of this meeting were:
●
●
●
●
●

Elia Díaz VÁZQUEZ
Víctor Guijarro MONFORTE
Cézanne DE HEUS
Geordi ZUIDERVELD
Mr. Philippe FILLATREAU (Management supervisor)

● Chairman: Elia DIAZ
● Secretary: Geordi ZUIDERVELD

2. General remarks
Some general remarks have been given on the documents and intermediate review:





Jury rules, but the team is entitled for more feedback if it needs this
Main concern by the jury was that the team did not possess the skills necessary to complete the
project, which resulted in difficult questions
The team handled these questions very well, “Ready for the professional life”
Not showing the second design was a mistake, always have a back-up ready to show to the jury

3. Documents
3.1 Intermediate review
Some feedback has been provided on how the team did in the intermediate review:




Most of the feedback was already provided in class
The grading system is stricter in Tarbes. More work has to be done here in comparison to other
EPS universities
The spoken English was better than the written English
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3.2 Intermediate report
Also the intermediate review got some feedback.















Report can be improved largely, but it was good for an intermediate report
Include signed pages on the front pages of appendices
Define systems
Show a diagram showing the location of the systems within the house
Show the methods of achieving the results, this is more important than the result itself
The “What’s” are not a list of deliverables. “What’s” are what the team is going to do
In the end there is a list of “What’s” and a list of validating these “What’s”
Objectives are requirements and should include numbers
Requirements lead to main deliverables which then lead to the exclusions
The global technical approach should be greatly improved and explained better within the
document, this can then lead to difficult questions from the jury and shows no control by the
team on the project
Advised to re-evaluate the probabilities of the different risks
Preface should be acknowledgements and “Thank you’s”. Organisations, stakeholders in what
they meant to the project
Not many technical chapters, which is quite worrying

3.3 Draft 2D House Plans
The team showed some plans as well which have been previously accepted by Mr. DUCO.









Show decisions made to come to the plans, explain the work method
Designs should include the road
Important to use the same scale for all different designs
Explain why one design is better than the others
Provide different sketches made by the team
Explain the method used how the team got from needs expression to the different designs
If there have been meetings with the technical supervisors show the results from these meetings
to provide reasoning to the decisions made
Include methodology

First design:



Make visible that there is a link from the garage to the house
Show how the garage can be entered with the car

Second design:



The garage appears smaller
To many things change and it is not documented well
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3.4 Monitoring









Show where the team is in the planning
Add in delays, if there are any
Add priorities to the tasks
It is not shown where the team is at the moment because the monitoring is not clear
Difference between validated and accepted is not clear
Change the words from acceptance to accepted, because the definition of the first is acceptance
in progress and with the other the document is accepted
If the words “Validated” and “Accepted” are used explain by whom it has been accepted or
validated
Try to not be redundant with a lot of different documents

4. Summary decisions:
The team will keep the feedback in mind for the following documents:





Final report
Final presentation
Monitoring documents
2D house plans

5. Summary action-points
The team will perform the following actions:



Apply the feedback given
Make a (better) document for monitoring, to show at the next management meeting
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MINUTES MEETING
1. Introduction
The aim of this document is to present what has been discussed during the project management
meeting for the project “Design a Bio-Climatic Passiv’ Haus”. The meeting took place in the LGP
building.

1.1 Invited
The attendees of the technical meeting were:
●
●
●
●
●

Elia DÍAZ
Víctor GUIJARRO
Cézanne DE HEUS
Geordi ZUIDERVELD
Mr. Philippe FILLATREAU (Project Management supervisor)

● Chairman: Cézanne DE HEUS
● Secretary: Víctor GUIJARRO

2. Documents
The documents presented during the meeting were:
●
●
●

Monitoring Gantt chart
System choice report
Materials choice report

2.1 Monitoring Gantt chart
During the meeting the team discussed the monitoring gantt chart and received feedback for it:












We can use the manual mode to monitor the gantt chart.
We must explain the impact of finishing some tasks earlier than the expected date.
If the 2D house training is kept in the gantt chart then we have to explain why it has been
such a short training.
We have to update the state of tasks that have begun earlier because the previous ones
have finished earlier.
We must make sure that there is no time without any task in the monitoring Gantt chart.
The holidays must appear in the Gantt chart.
During the final presentation every task has to be 100 % done.
During the final presentation we could explain the decisions taken in some steps.
We must have a deliverable status table updated and also show the deliverables in danger in
case we switch to a B plan.
In case we have deliverables in danger or they have not been deliver on time explain why.
The method used to monitor has to be explained.
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2.2 System choice report
During the meeting the team discussed the progress of the system choice report and received
feedback for it:



We should say that we are comparing suppliers instead of models because we are not
designing them.
We should add tables to represent the parameters taken into account to take the best
decisions.

2.3 Materials choice report
During the meeting the team discussed the progress of the materials choice report and received
feedback for it:




Think about the word scenario.
Explain clearly the U value, is the heat transfer coefficient.
Take care about the difference between power dissipation and heat lose.

3 Global project remarks





Ask for final good reports
Talk with Mr. DUCO to redefine the word systems
Think about which will be the software used to design the 3D model of the house.
The next meeting is 26th of June.

4 Summary decisions
The Gantt chart, systems choice report and materials choice report will be modified according to the
suggestions given by the technical supervisor Mr Fillatreau. The team will finish both reports this week
and the thermal simulation and 3D model will be started.
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Minutes meeting 13-03-2017 (technical)
In presentation is the name of the new village, other couple didn’t want to go through with the
project, but a new client has come in their place.
Only thing that changes is the place
Costumer is real person with real project
Specifications won’t be able to change, they’ve been made by costumer
White card to design the house.
People with traditional view. He wants a recent house. Many windows, very young style, traditional
in materials and quality.
Budget only for the building: €170,000
Thermal regulation
Go to the enit documentation, library. They have great documentation according to town
regulations.
We don’t have to follow classes for architecture, Mr. Duco has most knowledge of this.
Requirements:












Design passive house according to French regulation
It’s not a family, costumer is a guy, 35 years old. He has this project alone.
He has the land from his family around 2000 m2
He wants to build a house with general living space 115 m2 and 50 m2 for the garage.
Most important part is living space. There’s no specific kitchen etc. It’s one space, “American
space”. At least 50 m2 area space, without any walls to separate it all. In this space
specification; technical room(10 m2) with direct link to the kitchen.
3 rooms with each room at least 12 m2.
Two parts toilet (2/3 m2). He wants this part in the middle of the house.
Bathroom at least 7 m2
In the parental room with specific room for clothes: Walk in closet.
It’s not defined whether it’s one floor or two floors or three. It depends on what the French
regulations are.

Mr. Duco sends us the requirements documents and the French regulation.

Medium quality scenario and scenario with excellent quality
-

Quality ->

Low
1000 €/m2

Medium
1300 €/m2

+

Excellent
1500 €/m2

1. Step 1: big research. R.T.2012 (50 kwh/m2/year)-> R.T. 2020 (less or eagle to 0 kwh/m2/year)
Difference about general consumption. Passive house is in the middle, it’s 15 kwh/m2/year
(objective is to more study the passive house)
Analyses of the architectural constraint of the city. (perhaps divide into two by two search
parties)
Give global document to resume this step (summarize)
2. Step 2: realize the plans of the house. The first plan of the house. Into dimension. Perhaps 3D
model (is possible) if you don’t have the skills, we can have a training with Mr. Duco with the
software.
3. Step 3: Design of all systems. Choose all building materials.
4. Step 4: Thermal study
5. Step 5: Realization of the final document and the preparation of the final presentation.

Passive house is a house with good insulations for walls for everything. With maximum of window
area, with low consumption.
We don’t have to design the cables and connection, but the big steps.
There is no standard passive house for all countries. You have to adapt the house according to the
weather, the city, parameters, the orientation of the house.
We don’t start from scratch because we have the specifications of the costumer.
The minimum goals to pass is to design the house, respecting the requirements of the costumer
according to the dimensions. A house with respect the passive house concept according to the CEP,
at least 15 kwh/m2/year.
He does have the software, on the computer in our classroom.
Yes we have to design all the systems, but with Duco’s help. He’ll give us the methods to determine it
very quickly. We don’t have to design the connection between the systems. We have to choose the
system according to the location, the budget etc. “Why do we choose a certain system according to
what parameter?”
Every time we need we can have a meeting. When we more questions we can meet, if we have one
we can send him an email.
The client doesn’t want to meet us at the moment. To keep our minds open instead of sending us
down one path.
We also have to keep in mind the interior of the house.

“If you don’t have the skills, I will give you the skill with training” – Mr. Duco
CEP <= 50 kwh/m2/year
Costumer’s name: Mr. Sylvain BROUCA

Minutes technical meeting 20-03-2017
Passiv’ haus
Contract includes:






Client
Stakeholders
Objectives
Main deliverables
Milestones

Objective: To give the deliverables to the client. So we have to make it possible to begin the
construction. It’s necessary to have the plans, calculations about thermal aspects, prepare final
report (is only for eps project, in case we don’t finish in time this report should make it possible to
continue the project by another group or company, this is not for client)
For client:





Plan
3D view
Calculations
Contract

Duco advices to work on contract document and show Duco before kick-off meeting in order to make
sure the document is okay for Duco and the client.
Describe a little of the passiv’ haus project in contract as an introduction and a global overview of the
project.
Objectives: we have to design a single family house with an area of… house is located in this city…
talk about passiv’ haus regulation (just a little) to explain main constraint (15 kwh/m2/year: main
objective)
Constraints can be found in Duco’s presentation.
Contract:
1. Set the final date and the budget of the project.
2. Talk about client and the people involved in the project.
a. These people are stakeholders (contract has to be signed by manger supervisor,
technical supervisor, group members and client, representing by technical
supervisor)It’s important that all people agree with the content of this contract. You
have to precise who is the end client, who are the people associated in the project.
3. Advice to talk about main deliverables,
4. Talk about the main milestones, the main steps. For Duco there are 3 important milestones
a. Kick off meeting (29-03-2017)
b. Intermediate report (make intermediate presentation to all the people of the
project)
c. Final report

5. Technical requirements:
a. The area for each part
b. What kind of roof
c. What kind of concept associated to the passiv’ haus.
d. Present the software that can be used for analyses or simulation.
6. limits and exclusions.
7. Risk of the project:
a. Risk about management
b. Risk about communication in the team
c. Maybe other aspect.
It’s important that the final contract has to be send in pdf format.
There are constraints about thermal but also architectural rules. “We have identified that we have
rules about passiv’ haus, but there are also constraints considering architecture of the city” if Phillipe
says it’s necessary to put the specific constraints in the contract.
Main Deliverables:








Contract
Plans of the house
Thermal aspects calculations
3D view
Intermediate report
Optional: research report (at the end)
Final report

Requirements further:
1 or 2 toilets depends on design, if only 1 floor if you have 2 floor
3 rooms including parental room.
Garage attached to the house.
Only constraint about house will be in PLU, city regulations.






To optimize window areas of the house (solar irradiation)
o In design it’s important to maximize the window. (in winter 28 degree between sun
and ground, in summer, 68 degree with ground) protect from sun with some
solution. It means we have to optimize the window area in order to respect the
passiv’ haus concept.
To design the power generation system (renewable energy)
o To use renewable energy, what kind of energy is clever to use. Objective is to find
the best local energy and of course to optimize the system, to respect the criteria of
15 kwh.
To design the heating system (main system)
o Find a heating system compatible direct with the project.







To design the lighting system
o low consumption, to choose some system for the light, like LED. IF we want to
imagine to place of the lights, we can, but it’s not necessary. (if we have time)
To design the air-conditioning system (everywhere or only the main system)
o It depends on what kind of heating system you have chosen. Maybe we can imagine
a global system between heating and air-conditioning. To use again the heating that
has been produced, to put it on another place. In order to not lose energy. If you
have a good heating system and a good air conditiong system, you can have 1 system
for two functions
To choose the adapted insulation (floor, walls, roof base)
o Insulation which inebales to respect one specific criteria linked with the percentage
of the volume of air you have in your house and htis volume has to be the same .
Objective: to have a closed house, passiv’ haus concept gives you some specification
about the thermal bridges; perfect link between a window and a wall, between a
wall and the ceiling etc. Best solution for this project.

What he wants is that we understand that we can’t make a copy of something and put in another
city, because it’s an individual study.
He will send us a photo of the land, a plan of the land
Exclusions:







Structure calculation of the house
No designing/choose furniture of the house
Don’t have to look for providers (people who give material for project)
Physical construction of the house
Cabling
Connection between the systems

Technical room (cellar):






Put heating system
Hot water system
Washing machine
Space in order to stock some products associated for example some household products
Normally this place enable to stock food also

10-20-30% use of renewable energy. Free constraint for us what green energy we will use.
Reports will be read by other supervisors, so there also has to be a general view explaining certain
technical words etc.
If we send contract this week, he’ll read it over and give remarks to help us if needed.
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MINUTES MEETING
1. Introduction
The aim of this document is to describe the discussed points during the technical meeting on the
16 of May 2017. The meeting took place in the ENIT park outside the LGP building.
th

1.1 Participants
The participants of the project are:
●
●
●
●
●

Elia DÍAZ
Víctor GUIJARRO
Cézanne DE HEUS
Geordi ZUIDERVELD
Mr. Fabien Duco (Technical supervisor)

● Chairman: Victor GUIJARRO
● Secretary: Cézanne DE HEUS

2. Documents




Evaluation document intermediate review
Draft 2D house plans Geordi
Draft 2D house plans Victor

2.1 Evaluation document intermediate review
Intermediate report:
We received a 7,6 out of 10 from Mr. DUCO.
Oral presentation:
Global mark from the jury is 11,18 out of 20.
Improvement:






Slower and louder speaking: now it was difficult to understand us.
More interaction with the PowerPoint (for example use a telescope pointer instead of the red
laser, the red laser was hard to see on the screen due to the lighting).
For the final presentation we’ll have to be careful by emphasise our own work. We have to be
clear what has been done in the first half of the project. We took too much time for explaining
the management part.
We have to anticipate the questions. So for example have back-up opened on the computer to
show just in case they want to see it. In the intermediate presentation’s case it would’ve been
for the house plan.
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2.2 Draft 2D house plans 1
The version is interesting, but not the best. For the living room not 5 meters but 6 or 7 meters on the
south side. This to have a big room directly turn to the south.
This version would be a great solution for the center of a town, but less for the land’s location.
What is good in this version:
Location of the toilet
What is wrong in this version:





To have a direct view on the south from the terrace, living room and the master bedroom
The technical room:
o Width should be 1,6 meters in case you only walk on one side
o Width should be 2,4 meters and this way you can walk in the middle and have stuff on
both sides.
The living room is not enough to the south.

2.3 Draft 2D house plans 2
Suggestions for change:








According to the budget it would be better to have a normal form house. It would be clever to
have a rectangular house, due to the budget. This is a cheaper option.
Corridor should be at least 90 cm, but the advice is 1 meter, the corridor can be reduced and the
room can be increased.
Between the living room and the spare room it would be good to have a separation, like a rolling
door. This way you don’t spend area by opening the door.
We can propose to have rolling doors in the spare room next to the living room, in case the client
wants to turn that room into an office. This way the office would have an open space and it’d be
possible to directly walk into it from the living room.
Reduce the right spare room and increase the “office” spare room.
We can propose a concept to the client with a small margin according to the size of the rooms.

What is wrong:
The location of the toilet, if the toilet switches with the bathroom, it would be much better.
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2.4 General comments
Client accepts the proposition to reduce the technical room with the new dimension of 3 by 2,4
meters.
General dimensions:















Table: 1,8 by 0,90 meters
Sofa: 2 by 1 meters
o To have an angular sofa, it’s difficult with the windows. We have to take the circulation
of the people into account.
Kitchen: Cupboards in kitchen 0,60 meter width, the height in the kitchen should be less than 2
meters.
Bathtub: 70 cm width by 1,7 meter length
Shower: 1 meter by 1 meter
Bed: 1,6 meter by 2 meter (space between wall and bed should be 1,70 meter on both sides) so
the advised width of the bedroom is 3 meters. (at least for the master and spare 1 bedroom, for
the office it’s not necessary)
Walk-in-closet: it depends on where you want to put the clothes. Whether you want to have
storing options on both sides of the wall and a path in the middle or storing options on one side
of the wall and a path opposite it.
The wardrobe should be drawn as a box with an “X” in it. The width should be 60 cm and the
length can be the following:
o 1,20 m
o 1,50 m
o 1,80 m
o 2,40 m
o 3,00 m
o 3,60 m
The distance from sofa to the television = screen diagonal of the tv *2,5
People have to be able to circulate with 1 meter between all the objects.
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3 Summary decisions:






For the next presentation the given improvement points will be taken into account, this to have
a better outcome
Draft 2D house plan 2 has been chosen to be modified according to the suggestions
The client accepted the suggestion from Mr. DUCO to reduce the dimensions of the technical
room, which is now 3 by 2,4 meters
A rectangular shape for the house is a cheaper option
We will send the minutes along with a small summary of the minutes by mail to both supervisors

4 Summary action-points




We change the draft plans according to the suggestions
We send the last draft version to Mr. DUCO by mail (this will be the last version)
When Mr. DUCO agrees with the plans, we will put in basic furniture

5 Conclusion
The points of improvement of the presentation are helpful and will make it possible for us to
improve for the final presentation. We will first finish the draft 2D house plans before finishing the
whole draft design off with basic furniture, which is necessary for the thermal simulation. We will start
working on the system and material choice when the draft has been finished.
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MINUTES MEETING
1. Introduction
The aim of this document is to present what has been discussed in the technical meeting for the
project “Design a Bio-Climatic Passiv’ Haus”. The meeting took place in the LGP building

1.1 Participants
The participants of this meeting were:
●
●
●
●
●

Elia Díaz Vázquez
Víctor Guijarro Monforte
Cézanne de Heus
Geordi Zuiderveld
Mr. Fabien Duco (Technical supervisor)

● Chairman: Elia DIAZ
● Secretary: Geordi Zuiderveld

2. Documents


Draft 2D house plans Victor

2.1 General comments
What are the priorities in this project? Are the requirements more important than the budget?
When designing always make sure that you have a plan B available, write down and design every idea
that the team has.
Be careful on how the client is opening the doors. Are they opening to the inside or the outside? And are
they opening from the left or the right?
It might be wise to realise another, bigger, parking space towards the north for visitors. Plans can also be
realized but make them up to scale.

2.2 Draft 2D house plans
Inside the view of the windows, vegetation can be placed to protect the view of the house. But what is
better is it better to make windows look at a road or is it better to look at the neighboring building.
The gap between the garage and the house should be at least 3 meters. The terraces dimensions could
be 3 by 5 meters and if it is placed facing the south it would enjoy a beautiful view during the summer.
The garage should be placed to the west instead of the north. This because of the budget, if the roof is
an odd shape, instead of a rectangle, the cost of this roof go up considerably. The budget is the second
priority after the requirements.
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The closet has been moved, it might be better to have the whole wall as a closet so the house does not
have any “lost” space.

2 Summary decisions:




The team decides to change the design.
The garage is now in the west
The layout inside the house has changed.

3 Summary action-points



To design the final draft version.
To add the furniture.

4 Conclusion
The team adjust their previous made house plans with the feedback that has been provided by Mr.
DUCO. After this is done the basic furniture will be placed inside of the house.
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MINUTES MEETING
1. Introduction
The aim of this document is to present what has been discussed during the technical meeting for
the project “Design a Bio-Climatic Passiv’ Haus”. The meeting took place in the LGP building.

1.1 Invited
The attendees of the technical meeting were:
●
●
●
●
●

Elia DÍAZ
Víctor GUIJARRO
Cézanne DE HEUS
Geordi ZUIDERVELD
Mr. Fabien DUCO (Technical supervisor)

● Chairman: Elia DÍAZ
● Secretary: Cézanne DE HEUS

2. Documents
The documents presented during the meeting were:
●
●

Materials choice report
System choice report

2.1 Materials choice report
During the meeting the team discussed the progress of the material choice report and received
feedback for it:










A brick wall of 10 cm doesn’t exist.
It’s important that in the choice of the materials, it can actually be bought at real companies.
It’s also important to check the origin of the product. It would be interesting to buy a
product from a company in France or Europe instead of a product from the USA or Asia. This
due to the delivery costs.
For wall insulation: normally one side insulation is chosen and not both external and internal
insulation. This due to the fact that it is redundant. Mr. DUCO said that he thinks that it
might be better to only choose external insulation.
If we want to be able to compare products, you need two parameters; cost and quality.
It would be a good idea to use a decision matrix where you give a mark between 0-5
according to Mr. DUCO, if the choice is not clear.
It’s important to have two scenarios until the thermal study has been finished, this to have a
back-up ready and to limit the risks. Just in case scenario A isn’t compatible, we still have
scenario B to fall back on.
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It’s not so much the results, but more the way we got to the results that’s important to write
down for the reports.
We have to precise the origin of the values for the roof. It’s important to explain and to give
the source where the values have been found/come from. This can be explained after the
table in the document.
Mr. DUCO asked whether the solutions for the roof have been commonly used by specialist,
since there are simpler solutions than the ones we currently have. For example: Most used
insulation used in France is glass wool. This is inside insulation for the wall. This due to cost
and quality. It’s an industrial product, not ecological. The team has a good solution, but it has
to be worked out further.
The attic isn’t used for living purposes, so insulation can directly be placed on the next level,
this is generally projected with a big tube and a volatile insulation.
For the insulation in the attic the thickness is at least 30 cm, but people in charge often put
50 cm, this due to time and humidity. We still need an entrance in the technical room to the
attic. This entrance is 60 by 60 cm.
A solution of putting insulation in the roof itself, is not possible according to Mr. DUCO, since
it’s difficult to put insulation there.
All the given solutions for the roof are “bad solutions”, since they are all under the roof, but
it should be directly on top of the ceiling, this due to the fact that it’s cheaper. And you won’t
have thermal bridges.
For the floor: the third solution is the best option.
Windows: It’s only allowed to use three materials, PVC, steel or aluminium. Aluminium has
as a good aspect that it has excellent durability and the negative aspect is that it has a very
good conductivity. According to Mr. DUCO is PVC a better option, negative aspect is however
that deformation can occur while aluminium doesn’t have deformation due to heat. And PVC
has lower durability. But in the frame of the project, if we want to respect the budget, Mr.
DUCO advices us to use PVC, since it’s the best compromise between price and quality.
Mr. DUCO advised us to compare three solutions; steel, aluminium and PVC.
Triple glass is more important in a climate with colder temperatures. In France it’s okay to
use two glass because it’s not that cold.
Maybe a compromise might be to use triple glass and PVC, it’s only a question of cost and
performance.
To resume: for the roof we have to choose two new solutions with insulation directly on the
next level, with two different materials. We also have to explain when we compare, what we
have evaluated. For the walls it’s difficult to choose between three solutions. It might be
interesting to set up a matrix with five criteria.
A conclusion is only necessary in parts where it’s difficult to see in the chapter itself what the
final conclusion is.
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2.2 System choice report
During the meeting the team discussed the progress of the system choice report and received
feedback for it:

















1 m2 panel generally produces 100W, 1 kit 150W.
We have to put the panels according to what is needed for the requirements. Adding the
capacities together is the correct approach.
The capacity is important for the calculations.
In a passive house you are allowed to use 15 kWh/m2/year for all of your energy needs.
1725 kWh/year is the maximum we can take from the GRID.
1300 kWh/year produced by renewable energy
For heating 6 kW is needed for the systems to work.
Heating: generally the compact system is used for industrial purposes, not for a family
house.
To produce heating and to produce hot water Mr. DUCO has a pump, which alone costed
€10.000.
The wall should have a height of 2,5 meters.
We also have to include the tubes under the floor for the heated water, this to transport it
through the house.
We need a heat pump of at least 6 kW. We can’t use the 4,4 kW option.
We have to check for the floor heat pump tubes with the material choice. It’s not allowed to
put hot water tubes between the drywall and the insulation. Generally the tubes for hot
water are in the level of the reinforced concrete slab layer.
Having the outside system(to bring fresh air in) and inside system (to warm the fresh air and
blow it into the house) directly behind one another it will reduce the heat losses.
We don’t have to calculate how long the tubes have to be.

3 Global project remarks





It would be difficult to realise a complete thermal study. We will determine whether it is possible
in the upcoming week. The priority at this moment is to conclude the two reports.
It would be interesting to start the thermal study in the middle of the upcoming week.
CYPECAD MEP can be used for the thermal study, but it might be better to use CLIMAWIN, since
Mr. DUCO has the most skills in that software.
The team will be divided into two groups. Two will work on CLIMAWIN and two will work on the
3D view.

4 Summary decisions
The team will change the reports where notes were given and will finish it in the upcoming week, so the
thermal study and the 3D model tasks can be started.

5

MINUTES MEETING

5 Summary action-points
The team will do the following actions:




Change the report where necessary according to the feedback before mailing it to the
supervisors for a check.
Two team members will get training for the thermal study.
Two team members will start working on the 3D model of the house.
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1. Introduction
The aim of this document is to present what has been discussed in the technical meeting for the
project “Design a Bio-Climatic Passiv’ Haus”. The meeting took place in the LGP building
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1.1 Participants
The participants of this meeting were:
●
●
●
●
●

Elia DÍAZ VÁZQUEZ
Víctor GUIJARRO MONFORTE
Cézanne DE HEUS
Geordi ZUIDERVELD
Mr. Fabien DUCO (technical supervisor)

● Chairman: Victor HUIJARRO
● Secretary: Geordi ZUIDERVELD

2. Questions
Some were asked to the technical supervisor these are to prepare the team for the final review:
Should there be windows in the garage?



It would be advised to have at least 2 windows in the garage to save on lighting costs
Dimensions for these windows are 60 centimetres in width 90 centimetres in height

At least 16% of the south side walls should be windowed, does the garage wall count as well?



No it does not
It is also not part of the heating system

Is the placement of the solar panels good?


“This is the best place for the solar panels because it has a direct connection to the technical
room, minimizing energy loss”

Is the house protected from the summer sun?



At the moment the house is not
It can be easy to fix by including a small overhang from the roof of 50 centimetres
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What kind of protection from the sun should be included on the house? (It also has to look appealing)





A small overhang from the roof of at least 50 centimetres
Overhanging protection but only above the windows
An overhanging “beam” on top of the walls is also a great solution. Only the cost is a problem
with this solution
Global extension of the roof might be better instead of only above the windows, because it looks
better

How should the 3D model be presented?


A video can be used
o The team should talk over this video instead of in the video
o Maximum length of 60 to 90 seconds

How does the team include the delay of the thermal simulations in the report?



“According to the success of the project the team has asked for help with the thermal
simulations to the technical supervisor”
“It was a decision of all the project team”

How could the layout of the thermal results look like in the report?




These kinds of documents are very difficult to read. “The people in charge of the evaluation will
not pay attention to what is said, they will only read the document”
The document will be given by the technical supervisor so that it can be included in the appendix
list
Questions about the thermal simulations by the jury should be answerable, because the thermal
simulations only include the choices made by the team
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3. Remarks
Some remarks have also been given by the technical supervisor.














It was recommended to place a rolling door between the living room and the office, although
this is not a requirement by the client
The summer sun stands at an angle of 68 degrees to the ground, with this it can be calculated
how big the overhang should be to protect the house from the sun
According to the quality system. The team should check and sign the documents before sending
them to the client or the supervisors
Have support documents ready for the presentation. On the presenting computer, on a back-up
computer or even the printed versions
When presenting the 2D plans it is important to do it slowly and explain well every choice made,
how the team designed it and how the team can sell it to the audience
The thermal results will be sent on Wednesday the 21st of June around midday. The document
can be prepared so that only the picture has to be included for it to be finished
If it seems that the report could not be finished before Thursday evening, send a mail to the
supervisors and deliver it at the soonest possible date.
If large documents need to be printed the team can send a mail to DUCO to provide is with the
print out versions
In the final report include the summary appendices on one page, if someone wants to read these
appendices they should contact the team
In general: The method of obtaining results is far more important than the results
What is important at question time: Give short and direct answers, take to long and the mark will
go down
A blank presentation will be held on Monday the 26th of June in an industrial room at 14:00
hours
After the final presentation It would be interesting to have feedback about the EPS

4. Summary action-points
The team will apply all of the answers to the questions asked in the final document.
They will also try to deliver the final report on Thursday evening so that it has time to prepare the final
presentation before the blank presentation on Monday.
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