Passive House Design for Perth,
Western Australia

1 The Passive House
The Passive House (PH) is an integrated concept assuring the highest level of comfort, but it is
not an energy standard. The definition that is applicable worldwide is as follows:
A PH is a uildi g, for hi h ther al o fort I“O 7730 a e a hie ed solely y post-heating
or post-cooling of the fresh air mass, which is required to achieve sufficient indoor air quality
conditions – without the need for additional re ir ulatio of air. [1]. That is to say, a building,
which can be kept at a thermally comfortable level and is able to provide a sufficient indoor air
quality by only using a minimum of air exchange by the ventilation system that, if needed, has
an integrated heating or cooling device.
Originally the concept was based on the cool-temperate climate zone of Germany, and so the
heating demand was used as a measurement. Since 15.04.2015 a new definition of the Passive
House has been used. That will be explained in section 6. To explain the idea and the concept of
a Passive House, the original definition is used in this section.

1.1 The Passive House principle and concept
The PH concept was developed in the early 1990s in Germany and successfully spread across
Europe and beyond. The PH concept has a dual aim of low energy consumption and affordability.
This objective should be mainly achieved by passive methods, such as thermal insulation, highquality windows, airtightness and limitation of thermal bridging. In most cases, heat recovery
ventilation is needed. The ventilation system that is required for hygiene can heat/cool the
supply air efficiently in a PH. The higher cost for the high-quality building materials and systems
can be reduced by eliminating the cost of the radiators, plumbing and the heating system that
are not needed. The results for the slightly higher investment cost (between 0 and 15 percent)
are buildings with extremely low energy consumption and optimal hygrothermal comfort. [2]
For certification by the Passive House Institute (PHI), the heating demand cannot exceed
�ℎ/
or the heating load may not exceed
�
. Further requirements are that
the total primary energy consumption of the building stays below
�ℎ/
and the
airtightness with air exchanges does not exceed 0.6 per hour at
� of differential pressure.
Throughout the present report, these values refer to the living area, i.e. the net floor area of all
rooms within the thermal envelope excluding the walls and staircases. [2]

Property of Insulation Systems PTY LTD

Passive House Design for Perth,
Western Australia

1.2 Energy efficiency and consumption in a Passive House
Air, as a heating fluid, has a limited heat capacity. The heat capacity of air at normal pressure
and ° is . �ℎ/ ^
. The fresh air can be heated to a maximum of
- higher
temperatures can cause dust carbonization. According to DIN 1946, the minimum fresh air flow
rate per person (hygiene condition) is
^ /ℎ. [1]

This comes to:
�

=

ℎ∗

∗ .

�ℎ
�

∗

=
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The heating capacity per person is 300 Watts. The average living space for one person is
.
This comes to the maximum heating capacity of
�/ and refers to the day with the highest
heating load. Another important criterion is the annual heating demand, which is not allowed
to exceed
�ℎ/
. Either one of these standards,
�/
or
�ℎ/
,
needs to be fulfilled to meet the Passive House criteria.
(The average energy consumption in a 2.5-person household in Canada needs 101 gigajoules,
and 63 percent are used for heating, which is a heating demand of
�ℎ/
[3].)

Overall, the primary energy demand in a Passive House cannot exceed
�ℎ/
. The
primary energy is the energy that needs to be provided to heat or cool the building, heat the
domestic water, do the laundry, work the lighting and supply all other energy users in the
building. [1]
This low energy consumption of a Passive House can only be achieved if the building components
are designed for it.

1.3 Passive House components
Depending on the climatic zone, the Passive House components, such as the thermal insulation
(U-Value) and the windows of a Passive House (PH) must be designed differently; for example:
a building in Toronto will be different from a building in Québec City.
Using the fresh air from the ventilation system for heating or cooling without an additional
heating or cooling system can only work in buildings with very low net heat losses or heat gains.
Different parameters are important for a PH, such as the compactness of the building and the
orientation of a building. The five key components of a PH to ensure a sufficient indoor air quality
and thermal comfort are shown in Figure 1-1 [4]; thermal insulation, windows, ventilation,
airtightness and thermal bridging, which will be explained shortly.
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Figure 1-1 The five key components of a Passive House. [4]
1.3.1

Thermal insulation

Thermal insulation reduces the heat transport. At outdoor temperatures below the indoor
temperature, the thermal insulation keeps the heat in the building, and at outdoor temperatures
above indoor temperature, the thermal insulation keeps the heat out of it. In most cases, the
thermal insulation of the opaque material is the trapped air in a poorly conducting material.
Typically used materials are mineral fibers, organic fibers, and different kinds of synthetic foams.
These materials can only perform properly as long as there is no air movement in the material.
There are three mechanisms that heat can be transported with:





Conduction is the transport between solid materials by the movement of molecules and
is the main heat transport mechanism of the opaque building envelope. Conductivity
[ ] and the Thickness [ ] are the main material properties for heat transport, but the
density and heat storage capacity need to be considered as well.
Convection is the transport between liquids and fluids by the movement of the material
itself and is the primary mechanism of trapped air layers.
Radiation is the transport of heat by electromagnetic waves between mediums with
different temperatures. Unlike conduction and convection, the transfer of heat by
radiation does not require the presence of an intervening medium. In fact, heat transfer
by radiation is fastest, and it suffers no attenuation in a vacuum. For the building
envelope, only the surface absorptivity of solar radiation is relevant. This is particularly
a major factor in the hot and sunny climate.
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The surface conductance and the resistance of air are combinations of the three mechanisms as
can be seen in Table 1-1. [5]
These three mechanisms need to be taken into account to calculate a simplified linear heat flow
through an assembly of the building envelope. Even if it is simplified, many assumptions need
to be made as shown in the following subsection.

1.3.1.1.1 Numerical model of a cavity wall
The example of a numerical model of a cavity wall with an inner timber frame and an outer
masonry wall using a simplified linear 2D heat flow is still really complex, and many assumptions
need to be made. Figure 1-2 shows a visualisation of the numerical model. Although the wall cavity
is unvented (no air exchange to the outside), some convection happens due to thermal
differences between the surfaces and the resulting radiation.

Table 1-1Surface conductance and resistances for air. [5]
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Figure 1-2 Section of variables for numerical model mechanism.

1.3.1.1.2 Numerical model equation variables
�

Brick absorption to solar radiation depending on the brick
Total surface irradiance per area

[�/

]

[

]

This variable is a function of the latitude of the site and the direction and angle
of the surface.
Area
The area can be assumed to be

ℎ

ℎ

ℎ

̇

to simplify the equations.

Mass flow rate of air
Convective coefficient between a fluid and a surface
Conduction coefficient between solid surfaces
Radiation coefficient between surfaces
Temperature of the ambient outdoor air
Exterior brick surface temperature
Interior brick surface temperature
Mean air space temperature
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Insulation exterior surface temperature

[ ]

Gypsum wall board surface temperature

[ ]

Temperature of the ambient indoor air

[ ]

1.3.1.1.3 Numerical model - assumptions













Steady state conditions.
Minimal, non-linear stratification of surface temperatures exists; only average
surface temperature will be utilized.
Exterior of the brick will absorb all of the energy from the incoming solar
radiation.
Heat flow to the sides is negligible.
Wall assembly size is considered
∗
.
The average temperature in the air cavity follows the relationship:
= .
� + .
� [6].
Heat flux (flow) is taken as unidirectional, perpendicular to the air flow.
None of the building materials have thermal storage [6].
The conditions of the experiment are such that
<
.
Interior room temperature is steady at 21 degrees Celsius.
No air penetration, wall is fully airtight
The air cavity is drained (there is no air exchange between air cavity and exterior
air).

1.3.1.1.4 Short form of numerical model
Exterior brick surface:
Absorbed solar radiation = convection + radiation to the ground + radiation to the sky + radiation
to the air + brick conduction
�

�

=ℎ

−

+ ℎ

−

−�

.

Interior brick surface:

+ℎ
−

−

+ℎ

−

−

�

−

+ ℎ

−

(

−

Conduction = Convection + Radiation
hk− A T − T

= hc− A T − T

+ hr− A T − T

= hc− A T − T
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Cavity batt insulation:
hc− A T − T + hr− A T − T

Interior gypsum wall board:

hk− A T − T

= hc− A Ti

t

−T

= hk− A T − T
+ hr− A Ti t − T

1.3.1.1.5 Qualifying numerical model
This numerical model is extremely simplified and does not take time or heat storage capacity
into consideration. Calculations taking the heat transfer through flanking at material changes,
heat storage capacity and time into consideration are complex and are not part of this work.
Heat transfer through flanking can be simplified by using a correcting factor for each heat bridge
and will be explained in section 1.3.4.
The heat storage capacity of the used building materials slows the heat transport down, i.e. the
building adjusts to the outdoor temperature slowly. Heavy materials have a higher heat capacity,
and so heavy concrete buildings have a more stable indoor temperature than light timber
buildings. Calculating these values exactly would be not practical and would slow down the
calculation. A factor can be used for the impact of the heat storage capacity.

1.3.1.2 Thermal insulation for a Passive House
Depending on the climate zone, a different quality and amount of thermal insulation is needed
for a Passive House. The thermal difference between outside and inside is the main variable that
determines the needed U-value.
The U-value is the overall heat transfer coefficient that describes how well a building element
conducts heat. It is typically calculated as the heat transfer (in watts) through one square metre
of a structure divided by the thermal difference across the structure. A higher U-value means
the thermal performance of the building envelope is worse. A low U-value usually indicates high
levels of thermal insulation.
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As described before, the PH is an integrated concept assuring the highest level of comfort, but
it is not an energy standard. The thermal comfort is not only based on the temperature and the
relative humidity (RH) but also on the temperatures of the surrounding surfaces � and the
resulting felt temperature or operative temperature � . More about the surface temperature
is explained in subsection 1.3.2.5.2. Figure 1-3 shows the surface and operative temperatures in
an existing building and a Passive House. The external temperature is in both cases − ° and
the internal air (Luft) temperature is ° , but the felt temperature is different. In the existing
building stock house, the operative temperature is . ° and too cold and the felt temperature
in the passive building is
. ° . The higher surface temperatures are the result of better
thermal insulation or a lower U-value. [7]
In a PH, because the surface temperatures are always above the dew point temperature, there
is no risk of mould growth on the walls and around the windows. In a traditional build house,
the likelihood of mould growth is given. This risk is the reason that no furnishings should be
placed in front of an external wall of a standard building.
Depending on the climate, the required surface temperature, as shown in Figure 1-3, can be
achieved by adding more or less thermal insulation. The map shown in Figure 1-4 illustrates the
economical optimised U-value of the building envelope for heating and cooling. It shows that in
Australia less thermal insulation is needed than in Europe or Canada. The known U-values and
recommendations for Europe are not valid for Australia. [2] [8]

Figure 1-3 The surface and operative temperatures in an existing building and a Passive House. [7]
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Figure 1-4 Economical optimised U-value of the building envelope for heating and cooling. [2]

1.3.2

Windows

Transparent materials like glass let the short-wave radiation from the sun (sunlight) through,
but the long wave radiation (heat) is absorbed and then passed on. In double glazed windows,
the trapped gas between the layers of glass is the thermal insulator. In this case, the energy can
enter the building as sunlight, but the heat cannot leave the building. This described phenomena
is also known as the greenhouse effect. A Passive House uses this principle in a cold climate. In
a hot climate, this effect is not wanted because it leads to overheating of the building. Shade or
a low thermal emissivity coating is needed in a hot climate.
Glazing and windows are become progressively high-tech products and can increasingly assist
indoor environmental qualities such as natural lighting and thermal comfort. In the wall section,
the window is always the thinnest build up in the wall so the conductivity values of the window
materials should be low as possible. The parameter of all the windows together is usually the
longest thermal bridge of the building enclosure. Detail planning and realization for making the
joints weather tight from the outside and airtight from the inside is difficult and time-consuming.
Placing the window at the correct spot in the wall build-up is essential. Figure 1-5 shows the
potential impact of placing the same window on the same wall at different spots.
The actual heat flow in a window is complex, and a calculation of the exact heat flow is not
practical. Typically, the necessary parameters are provided by the window manufacturer and,
with this data, the U-value of the window can be calculated according to EN 10077. [9]
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Figure 1-5 Two sections of window-wall joints: left window is placed in the thermal insulation layer; right window is
placed not in the thermal insulation layer. The black lines show the temperature in the build-up. PSI shows the
additional energy loss of the thermal bridging between Window and Wall. [9]

1.3.2.1 Calculation of the U-value according to EN 10077
The calculation according to EN 10077 is a suitable method for calculating the overall U-value
(UV) of a window. Figure 1-6 illustrates the definition of geometrical variables [10].

Figure 1-6 Variables of a window. [10]
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1.3.2.1.1 Equation variables
Surface area frame

[

Surface area glass
�

[

Length of the parameter of the outer window frame
Length of the parameter of the glazing
U-value of frame

[

U-value of glazing

]

[ ]

[ ]

W
]
K
W
]
K

[

U-value of window

[

Length-related thermal bridge loss coefficient of the glazing
�

]

Length-related thermal bridge loss coefficient of the glazing

[

[

1.3.2.1.2 U-value equation of a window

W
]
K
W
]
K
W
]
K

The equation of all vertical installed windows is:
=

+

+

+

The thermal bridging of the window needs to be considered as (
added to the wall assembly U-value.

�

�

) and is usually

1.3.2.2 Numerical model for window glazing:
The example of a numerical model for a double-glazed window using a simplified linear 2D heat
flow is still very complex, as shown in Figure 1-7. Illustrating the complexity of a full window is
not the scope of this work.

1.3.2.2.1 Assumptions:








There is no shading layer on inner side of glazing cavity
The glazing system consists of monolithic layers.
Each glass layer has a front
and back
- front facing external side
Energy reflected from the interior surface of the second layer is neglected.
Indoor convection heat transfer is perpendicular to glazing
All mass storage property is neglected
In this case, because glass is thin and transparent, the temperature at is very close to
& very close to
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Figure 1-7 Section of variables for numerical model mechanism.

1.3.2.2.2 Variables:
�

Glass absorptance to solar radiation (depending on the glass type)
Total surface irradiance per area

�

[

]

This variable is a function of the latitude of the site and the direction and angle
of the surface.
Area

The area can be assumed at

to simplify the equations.

[

]

[

�
]
�

[

�

Nusselt number
Thermal conductivity of the fill gas in the cavity at mean temperature
Thickness of the glazing cavity

[

= the average non-radiative heat flow across air layer
= is the temperature at which air properties are evaluated

+
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1.3.2.2.3 Short form of numerical model
Exterior surface of external glazing: [11] [12]
Absorbed solar radiation = convection + radiation to the ground + radiation to the sky + radiation
to the air + radiation pass through external glazing and heat internal glazing + internal glazing
conduction
�

=ℎ

−

ℎ

−

−�

.

+ℎ

−

Interior surface of external glazing:

−

+ℎ

−

−

�

−

+ℎ

+ ℎ
−

−

−

(

+

−

Conduction = Convection + Radiation (as result of conduction)
ℎ

−

−

=ℎ

−

−

+ℎ

−

−

=ℎ

−

−

+ℎ

−

−

)

Interior surface of external glazing:
Solar radiation pass through glazing (1) and heat glazing (2) + convection at interior surface of
glazing (2)+ radiated as result of conduction on glazing (1)= solar radiation pass through glazing
(2) + conduction *
ℎ

−

−

+ℎ

−

−

=ℎ

−

−

=ℎ

−

−

+ℎ

−

Exterior surface of internal glazing:
ℎ

−

−
−

1.3.2.3 Low-E coating for glazing
Standard clear glazing has an emittance of 0.84 over the infrared wavelength that is causing the
main heat gain of the greenhouse effect, as illustrated in Figure 1-8 and Figure 1-9. Only 16
percent of the solar infrared radiation is reflected, and the glazing will absorb 84 percent or pass
it through the glazing. The low-E coating can have an emittance as low as 0.04 and still let visible
light pass. [13] Solar protection glazing with a lower g-value (SHGC as center-of-glass values)
than 25 percent is not recommended because of a significant reduction in the visible spectrum.
Glazing with a g-value of 25 percent is still available in neutral colors. [2] New technologies like
the adaptive glazing system that transitions seamlessly between light and dark are becoming
more affordable and may be used in the near future [14].
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Figure 1-8 Center-of-glass values (g-value) of double pane units with and without low-E coatings. The U-factor is the
empirical U-value. [14]

Figure 1-9 Spectral transmittance curves for glazing with low-emittance coatings. [13]
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1.3.2.4 Shading devices
Shading devices protect the glazing from direct sunlight, and so reduce the solar heat gain by
solar radiation.
There are two different kinds of shading devices. One that is operable and another one that is
non-operable:




The non-operable shading devices are other building parts such as balconies and roof
overhangs or devices that have only the function of shading. The advantages of nonoperable shading devices are: no running costs, no breakable moving parts and no
operation mistakes by the end-user.
Operable shading devices are more flexible and can be adjusted to the need of the
occupants.

Most of the time it is more economical to reduce the g-value of the window, rather than use a
shading device. However, g-values lower than 0.25 are not recommended because they limit the
visible light spectrum too severely. [2]

1.3.2.5 Windows for a Passive House
The windows need to be chosen depending on the region and the climate. The necessary quality
of windows for Passive Houses is higher than traditionally used windows. The reason for this
higher quality is that the windows are the weak point of the building envelope. [2] Regardless of
the climate, some criteria always need to be fulfilled:

1.3.2.5.1 Passive House hygiene criteria
Misty windows and dampness around the windows is not exactable for the Passive House
standard. The reason for this is that relative humidity levels higher than 80 percent on a surface
are a risk of mold growth.
An exactable hygiene guide is the temperature factor of the coldest individual surfaces
which, according to DIN 4108-2, needs to stay above 0.7, calculated as followed:
Temperature factor of the coldest individual surfaces
�

�

�

Temperature at internal surface

[−]
[ ]

External temperature

[ ]

Internal temperature

[ ]

= �

− �

/ � − �

The relation of the outdoor temperature, 50 percent RH and the temperature factor according
to an indoor temperature of
° is shown in Figure 1-10.
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Figure 1-10 Temperature factor relative to outdoor temperature at 50 percent RH and an indoor temperature of 20°C.
[2]

1.3.2.5.2 Comfort criteria
The thermal difference between surface temperature � and the operative temperature � is
relevant to the felt comfort level. The thermal difference is limited to 4.2 Kelvin by the certificate
for o po e ts suita le for Passi e Houses i e tral Europe. [2] The resulting maximum
thermal transmittance coefficient as shown in Figure 1-11 is:
�

Thermal internal surface resistance
≤

�

�

.

[

�
]
�

− ��

Figure 1-11 Maximum U-value for vertical exterior building components relative to outdoor temperature to fulfill the
comfort criterion, with the example of glazing. [2].
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1.3.3

Airtightness

As described before, the thermal insulation can only perform at its best if no air movement is
present, most easily demonstrated by a woolly sweater and a windbreaker jacket.
On a cold windy day, wearing a woolly sweater or a windproof jacket does not keep a person
warm. However, if the windbreaker is worn over the sweater, a person stays warm. This
improvement of the thermal insulation (woolly sweater) by using an airtightness system
(windproof jacket) is the positive effect of airtightness in conjunction with thermal insulation.
Airtightness is achieved by a system that is continuously installed. Different materials achieve a
different level of airtightness. Typically used materials are latex paints, stucco, timber,
membranes, foils and concrete.
The airtightness system also partly takes care of moisture control, which needs to be explained
further.

1.3.3.1 Moisture control
Moisture control is the protection of the envelope from water build up in assembly. Proper
oisture o trol a allo the da p ess i the stru ture to dry out, ut does ’t let ater i to
the build-up.
There are three ways that water could get into the building envelope; rain, water moisture and
vapor.
The weather tightness on the outside or of the building can take care of rain and moisture as
water in the outdoor environment. The weather tightness system of a wall could be a simple
polymer render or a complex system such as a facing shell, ventilated cavity or a weatherproof
membrane.
The airtightness system is supposed to stop the air movement and hinder moisture build-up in
the building envelope. Air can carry a lot of moisture, and the amount of moisture that is carried
is measured as absolute humidity in grams per cubic meter. Hot air can carry more moisture that
cold air, which means that if air is cooling down, less water can be carried. As soon as the air is
saturated, the air delivers moisture to its environment. If the warm air from the indoor
environment now moves to the cold outdoor environment, the temperature of the air drops and
water condensation will happen in the build-up. At hot temperatures, this can happen the other
way around as well.
The vapor diffusion control is usually provided by the weather tightness and the airtightness
systems, but could also be a separate control layer. Water penetration by vapor diffusion is a
process that the vapor needs to travel to open pore structures. The driving force is the vapor
pressure or concentration difference between the internal and external vapor pressure.
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By a rule of thumb, water penetration by rain is about ten times higher than water penetration
that is carried as moisture by air. Water penetration from vapor diffusion is about 0.1 times that
of the water penetration that is transported in the air. Even if diffusion does not cause a high
penetration of water, it is important to allow the structure to dry out after water penetration or
dry out dampness from the construction period. [15]

1.3.3.2 The importance of airtightness for moisture control and thermal insulation
Air leaks cause moist air to conduct through envelope setup. In the wintertime, in a cold climate,
this means that the internal air moves to the outside and cools down. While the temperature is
dropping, the relative humidity rises until the dew point is reached. This process can cause litres
of water to build up over the cold period, which must dry out over the drying season. If drying
is not possible, or it is too slow, it will cause damage. [16]
The Institute for Building Physics in Stuttgart has studied a
sized structure with a thermal
insulation of mineral wool, with a thickness of
, as shown in Figure 1-12. The used
airtightness membrane for the airtight structure had a diffusion resistance (Sd-value) of
,
which is a moisture vapour transmission rate of
/ (Irish and British standards:
. =
/
or permeance of about
/ �
. The thermal
difference is internal
° and external − ° . The pressure difference of
� ,
corresponding to wind force 2-3, was provided. [17]
This structure could achieve, with a joint free airtight design, a diffusion of .
/ per
day. If the same structure is used, but with a gap of
over a length of 1 meter in just the
vapor retarding and airtightness layer,
/
per day accumulates. This build-up is
1600 times more than an airtight structure. If a
leakage gap is present, even
/ per day could be measured. [17]
In the same structure, with the airtight design, the previously calculated thermal performance
of . �/
was confirmed. As soon as the
gap is provided, the performance
decreases by the factor of .
. �/
. The
gap even reaches a factor of 11. [17]
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Figure 1-12 Build-up of the experimental setup with the location of the 1mm gap. [17]

1.3.3.3 Airtightness for a Passive House
In an airtight building, the accidental ventilation is reduced to a minimum. Airtightness keeps
the energy losses via uncontrolled air flow to low levels. To achieve the PH standard, the air
changes per hour (ACH), at a pressure difference of
� , must be tested and need to be below
0.6.
≤ . .
. The required airtightness level of PH nearly eliminates the energy losses
via uncontrolled air flows. Interesting to know is that the relation between airtightness and
energy consumption is a close to linear relation as shown in Figure 1-13, not like the relation
between thermal insulation and energy consumption. This linear relation and the risk of damage
caused by moist air penetration justify this high level of airtightness, required for the PH
standard, that is still difficult to achieve.

1.3.4

Thermal bridging

Thermal bridges (TB) can considerably increase the transmission heat losses through the thermal
building envelope, which causes higher heating demands in winter and a higher cooling demand
in summer.
A TB is a spot in the thermal envelope, were an inhomogeneity is present. An inhomogeneity
could be a change of geometry like a building corner or a material change like a metal fixing.
There are two different TBs, TBs that have a higher energy flow than the normal envelope and
ones with lower energy flows than the normal envelope. The example of an external and internal
corner shows the difference between a higher and lower thermal bridge.
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Figure 1-13 Blow door test results at 50 Pa of a house model build in Dubai. [2]

Figure 1-14 shows a straight wall, an internal and an external corner of a wall. Each time the
same temperatures were used. The internal corner has the highest temperature, and the outer
corner has the lowest temperature, i.e. the internal temperature of the straight wall is between
the corner temperatures. The internal corner has a lower heat flow as a straight wall, and an
external wall has a higher heat flow. Usually, only TBs with a higher heat flow are considered in
the calculation of the total of the transmission heat losses.

Figure 1-14 Thermal gradients in a straight wall, internal corner and external corner.
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1.3.4.1 Heat transition coefficient calculation
Calculating the thermal bridges of a building envelope is not practical. Instead, a corrective value
of the envelope performance is calculated: a heat transition coefficient. There are two different
heat transition coefficients used, one for linear thermal bridges measured in [�/
] and
one for punctual
� measured in [�/ ]:
Heat flow with thermal bridge

[�]

Heat flow without thermal bridge

[�]

Length of thermal bridge
Area of thermal bridge

[

−
� −�

=

[ ]

]

−
� −�

=

The calculation of the heat flow with and without the thermal bridge is calculated as follows:
Correction factor

[-]
= ∑
=

=

∑
=

∗

+

∗

∗

∗ � −�

∗

)∗ � −�

=

∑
=

∗

+ )∗ � −�

The calculation of a thermal bridge needs to be calculated with an iterative processes and so a
computer is needed. It is important that the same reference system is used over the whole
calculation. If the overall dimension of the building is used for the heat flow calculation, the
overall dimension needs to be used for the calculation of the heat transition coefficient as well.
Using the right geometrical detentions is extremely important.
TBs are spots at which more heat is transmitted and, on cold days, the internal surface
temperature at these points is lower than their surroundings. TBs are therefore the parts of the
thermal envelope that have the highest risk of mould growth. The temperature factor of the
coldest individual surfaces
also must be above 0.7 as described in subsection 1.3.2.5.1.
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1.3.4.2 Thermal bridging in conjunction with the Passive House standard
According to the Passive House standard, TBs need to be nearly eliminated, but again, this
depends on the climate.
In Toronto for example, where the temperature can drop below − ° , the thermal difference
is above 50 Kelvin, and so thermal bridges need to be eliminated as far as possible. In Perth, the
temperature fluctuates between ° and ° and so the thermal difference is about 20 Kelvin
and a thermal bridge free construction is not as important. In Perth, it is even beneficial to not
thermally insulate the ground slab to stabilize the indoor temperature as shown in subsection
1.3.2.5.1.
Generally to achieve the PHS, the thermal bridges need to fulfil the hygiene criteria of subsection
1.3.2.5.1, the comfort criteria for subsection 0.1.3.2.5.2 and the primary energy criteria as stated
in subsection 1.2.

1.3.5

Ventilation

Ventilation is the process in which air is moved in or out of a space. The function of ventilation
in buildings is to exchange stale air with fresh air. The reason to do so is to reduce the carbon
dioxide level, the RH levels and other pollution levels. The required amount of air that need to
be exchanged per person is around
/ℎ.

1.3.5.1 Kinds of ventilation:

There are three types of ventilation than need to be distinguished:
Accidental ventilation by leakage through the envelope by gaps and cracks. In general, these are
mistakes in the airtightness system that cannot be controlled and should be minimised.
Manual or passive ventilation by opening windows and doors. Traditionally people opened
windows to let fresh air into the building. New studies show that we need to open the windows
at least three times per day to take care of the moisture issue. Windows need to be opened up
to every hour to provide a healthy indoor environment and low pollution levels. The studies also
show that ventilation by the window is usually not done as would be required. In addition to the
practicality problem, the energy losses by opening the windows is high. [18] [19] [20] [21]
Mechanical or active ventilation by a mechanical ventilation system. These systems need
mechanical equipment to keep the air moving. There is a high variety of systems ranging from
extracting air and exchanging air to conditioning the air.
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1.3.5.2 Ventilation according to the Passive House standard
Theoretically, the required ventilation system depends on the climate, but even so it always
should be an overall energy efficient system.
The ventilation system of a PH is at the same time the heating and cooling system. All exchanged
air causes an unintended change to the indoor temperature and/or humidity and therefore
needs to be capped low as possible. I.e. the required amount of air that needs to be exchanged
per person is
/ℎ, higher exchanges would cause an unnecessary energy consumption in
the building. This maximum of
/ℎ per person limits the heat capacity as explained in subsection 1.2.
There may be some locations in the world where the following requirements are not required
or beneficial, but they still can be seen as general requirements.
To achieve the PH standard, the ventilation system needs to be able to achieve the following:




Recovery of 75 percent of the heat,
Air losses of the ventilation system need to be less than three percent,
Power efficiency needs to be lower than . �ℎ/ .

In other words, it needs to be energy recovery ventilation. [1]

Because of the complexity of heat recovery and ventilation systems, the following section, and
particularly subsection 4.5, provides an overview of the most common ERV-systems and shows
different approaches to manual ventilation.
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