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First Certified Non Domestic PassivHausς
Wales



First Certified Non Domestic PassivHausς
Wales



St LukesSchool ςWolverhampton
First BREEAM Excellent School



Zero Carbon House Birmingham



Denby Dale Passivhaus 2009



BERE Architects Ebbw Vale PassivHouse



Low Energy House: Wicklow, Ireland

Low Energy House: Wicklow
N 50 0.15 ACH

Q 50 0.17 m3/hr.m2

Walls:  From the outside (U value- 0.12W/m2K)
ÅWeather board sheathing fixed to battens
Å50mm vented cavity
Å80mm GutexUltratherm
ÅSolitex WA
ÅPanelvent
Å225mm Cellulose in Stud
ÅIntelloPlus
Å100mm  GUTEX Thermoflex
ÅPlasterboard



pro clima airtight-systems in passive 

houses

The highest passive house in 
Europe: 

Schiestlhaus 2.154 m



The highest passive house in 
Europe 

Schiestlhaus 2.154 m

pro clima airtight-systems in passive 

houses



95% of vapour transfer in buildings occurs 
through ventilation: Fact

ά.ǊŜŀǘƘŀōƭŜ ŎƻƴǎǘǊǳŎǘƛƻƴǎ ŀƴŘ 
breathability of insulation products are 
therefore at best a side show, in reality 
ǘƘŜǊŜ ŀ ŎƻƳǇƭŜǘŜ ǊŜŘ ƘŜǊǊƛƴƎέ Υ ƭŜǘΩǎ ǎŜŜΦΦΦΦ

Breathability: Fact and fiction



Breathable or diffusion open?

Breathing: is the process that moves air in and out of the 
lungs.

Diffusion: The process by which water vapour spreads or 
moves through permeable materials caused by a difference 
in water vapour pressure. 

Ventilation: The replacement of stale or noxious air with 
fresh air. 



Breathable or diffusion open?

We want our building envelope to be airtight/draught proof and moisture resistant:

ÅStop rain from the outside penetrating to the inside
ÅOutside it should be wind/water tight but vapour permeable (diffusion open).

Å5ƻƴΩǘ ǿŀƴǘ ƳƻƛǎǘǳǊŜ ǘƻ ŎƻƴŘŜƴǎŜ ǿƛǘƘƛƴ ǘƘŜ ǿŀƭƭ ŘǳŜ ǘƻ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ƘŜŀǘŜŘ ŀƛǊκǾŀǇƻǳǊ 
from the living space.
ÅOn the inside to prevent excessive vapour penetration we require  a vapour control layer 
(diffusion controlling). 

ÅWe need to regularly change the stale air in the living space with fresh air. 
ÅDiffusion open constructions is not a substitute for an effective ventilation strategy



Diffusion Open Construction



Breathable or diffusion open?

Water/Vapour interacts outside/inside our buildings by three key methods:

ÅVapour Permeability: (the ability of a material to allow water vapour to pass through it
ÅHyrgoscopicity: (the ability of a material to absorb and desorbwater as a gas)
ÅCapillarity: (the ability of a material to absorb and desorbwater as a liquid)

Why is it important to understand how water interacts with buildings:

Approximately 75% of building failures occur due to water
Water penetrations can:
ÅEffect the external surface of the building envelope
ÅCan effect the central layer of the envelope and lead to structural damage, thermal 
degradation and mould formation within the wall
ÅMould growth on the inner surface on the external envelope
ÅImpair IAQ



IAQ can be affected by:
Åmicrobial contaminants (moùld, bacteria), 
Ågases (including carbon monoxide, radon, volatile organic compounds), 
Åparticulates, 

90% of our time is spent within the living space. Using ventilation to dilute 
contaminants, filtration, and source control are the primary methods for improving 
indoor air quality in most buildings.

Common pollutants:
ÅRadon
ÅMoulds and other allergens
ÅCarbon monoxide
ÅVolatile organic compounds
ÅLegionella
ÅAsbestos fibers
ÅCarbon dioxide
ÅOzone

Indoor Air Quality (IAQ)



Viruses

Bacteria

Mould

Mites

Infections 

respiratory 

tracts

Allergies  

Asthma

ozone

Relative humidity

Source:Basics of air humidification,Iselt/Arndt, publishing comp.C.F.Müller Heiderlberg

Room humidity from a hygenic point of view

IAQ



Ventilation Systems

Natural Ventilation
ÅTrickle vents
ÅPassive Stack
ÅSupply air windows
ÅOpening windows

Mechanical ventilation
ÅExtract fans
ÅWhole house extract
ÅRoom ventilator with heat recovery
ÅWhole house mechanical ventilation with heat recovery
ÅDemand Controlled Ventilation



Why Airtightness ςInfiltration and Ventilation

Air Infiltration/Draughts and exfiltrationςThe uncontrolled entry or exit 
of outdoor or indoor air from the habitable space

Ventilation ςThe controlled/designed replacement of stale indoor air 
with fresh outdoor air

Airtightness ςThe elimination of uncontrolled air infiltration

BUILD TIGHT AND VENTILATE RIGHT!



CƛƎǳǊŜ ƻŦ ƘŜŀǘ ƭƻǎǎŜǎ ǇŜǊ tΦ WŜƴƴƛƴƎǎΣ Ψ!ƛǊǘƛƎƘǘƴŜǎǎ ƛƴ .ǳƛƭŘƛƴƎǎΩ .ǳƛƭŘƛƴƎ ŦƻǊ ŀ CǳǘǳǊŜ ²ƛƴǘŜǊ ΨллκΩлм

Infiltration and Ventilation



! ŘǊŀǳƎƘǘȅΣ άƭŜŀƪȅέ ōǳƛƭŘƛƴƎ



Clearly define air barrier layer and detail airtightness solutions

Air barrier line
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Build Tight, Ventilate Right!



Consequences of defective air-
tightness   

Typical construction situation

a

Luftströmung (Konvektion)

1. Heat loss   

2. Building damage due to 
moisture  

3. Deficient heat protection 
in summer   

4. Deficient sound proofingAirflow (Convection)



The principle of insulation

only inclusions of air that are protected 
against air movement insulate!

air movement

= heat transport



The principle of thermal insulation: Windtightness



The principle of thermal insulation: Airtightness



Experiment set-up

Construction of insulating 

material

Gap in the vapour Check
(air-tightening).

Frame conditions:
Inside temperature +20°C
Outside temperature -10°C
Pressure difference 20 Pa
= wind force 2-3

Measurement:
Institute of building physics, Stuttgart
Source: DBZ 12/89, page 1639ff

Heat losses due to Convection

Without gap:  U-Value =   0,3 W/m2K
1m

14 cm

1m

1,44 W/m2K

Performance reduced by factor 4,8

With 1 mm gap : U-Value =



AssarGabrielssonand GustafLarson ceated
Volvo in 1927

Ψ/ŀǊǎ ŀǊŜ ŘǊƛǾŜƴ ōȅ ǇŜƻǇƭŜΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜ 
guiding principle behind everything we make at 
Volvo is ςand must remain ςǎŀŦŜǘȅΩ

In 1959 Volvo introduced the seatbelt in its 
modern form as standard equipment in all 
their cars in Sweden.







Improving the security of our building structures?



Structural Damage due to Moisture

a

Luftströmung (Konvektion)

Structural damage due to 

moisture

a. Diffusion

c. Moist installed 

construction materials

b. Convection

Convection
d. Flank Diffusion



Inside vapour seal
sd = 30 m (mvtr = 150 MNs/g])
Gap in the vapour Check
(air-tightening)

Frame conditions:
Inside temperature +20° C
Outside temperature -10° C
Pressure difference 20 Pa
= wind force 2-3

Measurement:
Institute of building physics, Stuttgart
Source: DBZ 12/89, page 1639ff

Comparison diffusion/convection

Experiment set-up constr.

of insulating material

Without gap: 0,5 g  water/m2x24h 

1m
14 cm

1m

800 g water/m²x24h

Performance reduced by factor 1600

With 1 mm gap:  



Building damage

ω Non-existent protective 
layer for insulation

ω Smaller thickness of the 
insulation

ω Higher rafters

Attack by insects possible

Disadvantages

Less efficient thermal insulation 

Efficient back ventilation as 

measure to avoid building 

damage

Humidity due to leaks is 
removed.Back ventilation



The perfect insulation 

constuction

Protective layer outside 
the insulation

insulation

airtightening

Ideal Situation: full rafter insulation

a

Dämmschutz-
schicht

Luf tdichtung

Dämmung

Insulation with highest efficiency



Full rafter insulation, diffusion-

tight on the outside

sd-Value of the sub-roof   

= 300 m

Full rafter insulation

Vapour barrier 

?
Vapour Controlling

?



Plasterboard 10 mm 8 x 0,01 = 0,08 m

Brickwork 30 cm 7,5 x 0,30 = 2,25 m

pro clima DB+ 0,23 mm 10.000 x 0,00023 = 2,30 m

Wood 60 mm 40 x 0,06 = 2,40 m

Concrete 20 cm 100 x 0,2 =                  20,00 m

Polyethylene foil 0,2 mm 100.000 x 0,0002 =                  20,00 m

Bitumen roofing felt 80.000 x 0,003 =                240,00 m

Vapour diffusion resistance coefficients of the most common building 

materials according to EN ISO 13788

Lambós wool, flax1 Plasterboard 8

Mineral wool 1 lime Plaster 15-35

Cellulose insulating material 1-2 Wood 40

Wood fibre insulating board 2-5 Concrete 100

Cork 5-10 pro clima DB+ 10.000

Brickwork 5-10 Polyethylene foil 100.000

Calculation of the equivalent air layer thickness: sd= µ x s [m].  Sd x 5.1 =MNs/g 

Material sd-Value

Material µ Material µ

Diffusion Resistance of Building Materials



Vapour Check : 0.5m ς1500m 

Definition of range of vapour control layers

Vapour Barrier: >1500m

Source: BRE IP 2/05 Modelling and controlling  
Interstitial condensation in buildings



Comparison of condensate 

with a diffusion-tight  subroof

sd value = 300 m

Sd value, inside
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Safety Factor for Diffusion Tight Roof



Wood according to DIN 4108
at 60 % wood moisture µ = 12 ς15
at 10 % wood moisture µ = 200

Ý

Lime plaster
dry µ = 35
moist µ = 15

Ý

άLƴǘŜƭƭƛƎŜƴǘέ .ǳƛƭŘƛƴƎ aŀǘŜǊƛŀƭǎ

Construction materials whose  diffusion resistance changes as a function of its moisture 
content

pro clima DB+ Cellulose vapour check
has a variable sd value

Ý



average sd-value depending on the relative air humidity

s d
-v

a
lu

e
 [
m

]

average relative air humidity [%]

winter

summer

άLƴǘŜƭƭƛƎŜƴǘέ .ǳƛƭŘƛƴƎ aŀǘŜǊƛŀƭǎ

Humidity-variable             

diffusion resistance          

of the pro clima DB+

to avoid building damage



Distribution of relative air 

humidity in the  component's 

cross section

Humidityïvariable diffusion resistance

circa. 80 % circa. 70 %

circa. 30 % circa. 90 %

circa. 50 % circa. 70 %

Direction of diffusion Direction of diffusion

Average humidity at the vapour 

check

Average humidity at the vapour 

check

Winter Summer

40 % 80 %



Comparison of condensate 

with a diffusion-tight  subroof

sd value = 300 m

Sd value, inside [m]
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In winter constructions  are 

exposed to moisture

Consequences of faulty airtightness

Drying of 

wood 50 day
²m

g

Diffusion 3 day²m

g

Convection  

1 mm gap
800 day

²m

g

Flank 

diffusion
30 day

²m

g

Conclusion:

There is no absolute protection 

against moisture



There is no absolute protection 

against moisture

Consequences of faulty airtightness

Ideal: 

More Diffusion open construction 

externally where possibleand Intelligent 

membranes with Humidity ςvariable 

diffusion resistanceon the inside

Solution: 

Increase drying potential



Vapour barrier

e.g. PE-Foil sd = 50 m (mvtr 

= 250 [MNs/g])

Constant High diffusion resistance: Vapour Barrier

No possibility for 

constructions to dry out when 

unexpected moisture occurs 

Continuous High Vapour 

Resistance
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Back Diffusion in summertime



Humidity ςvariable diffusion resistance: Intelligent Technology
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Freedom from structural 

damage due to vapour checks 

with 

humidity ςvariable 

diffusion resistance

Vapour Checks with humidity ïvariable diffusion resistance

In summer: high drying potentialSummer/   
Daytime

In winter: protection against  

moisture entryWinter/Night 
time



Case Study: 77 BoundryRoad, Shoreham by Sea; November 2006

Architect: Sarah Kemp, Eskayarchitects, Shoreham by Sea

Original Construction, form the outside:

ÅAsphalt,
ÅPolystyrene (50mm)
Å19mm Ply



Case Study: 77 BoundryRoad, Shoreham by Sea; November 2006



Case Study: 77 BoundryRoad, Shoreham by Sea; November 2006



Case Study: 77 BoundryRoad, Brighton; November 2006

Architect: Sarah Kemp, Eskayarchitects, Shoreham by Sea

Original Construction, form the outside:

ÅAsphalt,
ÅPolystyrene (50mm)
Å19mm Ply

Proposed Construction: Building Control
ÅAsphalt
ÅPolystyrene (50mm)
Å19mm Ply
Å50mm continuous Vented void
Å100mm Insulation
ÅVapour barrier/Check
ÅPlasterboard

Proposed Construction: pro clima
ÅAsphalt
ÅPolystyrene (50mm)
Å19mm Ply
Å150mm Insulation
ÅINTELLO PLUS Intelligent vapour check
Å25mm service zone
ÅPlasterboard

U value: 0.41W/m2K U value: 0.21W/m2K



Calculation program

Assessing building security against unforeseen moisture penetration

www.wufi.de

Computer- assisted simulation

program for heat and  humidity 

transports (dynamic) WUFI

- Real climatic data

- Inside and outside temperature

- Inside and outside humidity

- Light absorption

- Moisture storage capability

- Capillary action

(Data of one reference year at 
intervals of 1 hour)

Current BS EN 15026: 2007 provides higher 
accuracy compared with  EN 13788:2002 in 
BS 5250.



Calculating Potential Freedom from Structural Damage

1. Asphalt roofing membrane 3 mm 
thick: diffusion-tight

3. Plywood 19 mm

5. Vapour barrier/Intelligent vapour check 

6 Service zone 20 mm

7. Gypsum plasterboard 12 mm

4. Cellulose 150 mm

2. 50mm EPS

Initial mositure: 20 kg/m³ = 3.6 l/m²



Potential Freedom from Structural Damage

Brighton

Summer:

A lot of solar radiation

Winter:                            

Cloudy and mild



Vapour Barrier inside



Intelligent vapour check inside



1. Asphalt roofing membrane 3 mm 
thick: diffusion-tight

3. Plywood 19 mm

5. Vapour barrier/Intelligent vapour check 

6 Service zone 20 mm

7. Gypsum plasterboard 12 mm

4. PUR 150 mm

2. 50mm EPS

Initial moisture ply: 150 kg/m³ 



PUR insulation with Intelligent membrane inside



Calculation Summary

Vapour Barrier inside Intelligent membrane inside and PUR bet rafters

Intelligent membrane inside and Cellulose insulation



¢ƻ ƳŀȄƛƳƛǎŜ ǇƻǘŜƴǘƛŀƭ ŦǊŜŜŘƻƳ ŦǊƻƳ ǎǘǊǳŎǘǳǊŀƭ ŘŀƳŀƎŜΧΧ

Build with adequate reserves and
you will never have structural damage!

Moisture loading > Drying reserves

= Structural damage

Drying reserves > Moisture loading

= No structural damage



Since the early 1990s, the term "white paper" 
has also come to refer to documents used by 
businesses as marketing or sales tools. White 
papers of this sort argue that the benefits of a 
particular technologyor product are superior 
for solving a specific problem.: Fact
Source: wikipedia

95% of vapour transfer in buildings occurs 
through ventilation: Fact

ά.ǊŜŀǘƘŀōƭŜ ŎƻƴǎǘǊǳŎǘƛƻƴǎ ŀƴŘ 
breathability of insulation products are 
therefore at best a side show, in reality 
ǘƘŜǊŜ ŀ ŎƻƳǇƭŜǘŜ ǊŜŘ ƘŜǊǊƛƴƎέ Υ Fiction

Breathability: Fact and fiction

http://en.wikipedia.org/wiki/Technology
http://en.wikipedia.org/wiki/Product_(business)


Humidity-variable vapour checks

Membranes with 
Humidity-variable diffusion resistance:

Not suitable for buildings with 
permanent high air humidity:

ω Swimming pools
ω Gardening centres
ω Commercial kitchens



Preconditions for the functionality of humidity-variable 
vapour checks

Humidity-variable vapour checks

- No diffusion-hampering building materials 
on the interior side,       e.g. OSB, Plywood, 
foil backed plasterboard

- Profiled timber sheathing, plasterboards 
and HeraklithBM boards with plaster are 
suitable



Humidity-variable vapour checks

- No shade externally

ÅConsider Solar Panels and their impact of radiant heat

ÅColour of the external layer, dark colours promote greater 
back diffusion

- Diffusion resistant foam insulation material

- Green roofs significantly reduce back diffusion and not 
compatible with non vented cold deck

Preconditions for the functionality of humidity-variable 
vapour checks



Air leakage on site:



Common Gable Wall-Roof junction

Faulty but ñcommonñ   

airtight connection

of vapour barriers



Infrared picture: 

Gable wall-roof connection

Thermo graphic images of faulty constructions

Ineffective airtight 
sealing of Critical 
Junctions



Thermo graphic images of faulty constructions

Infrared picture:

Wall-ceiling connection



Infrared picture: 

Roof window connection

Thermo graphic images of faulty constructions



Infrared picture: 

Roof window joint at negative 
pressure
The cross shows 6,8 °C, which is 
lower than the dew point

=> Condensation

Thermo graphic images of faulty constructions



Airtight?????



Airtight?????



Ineffective Sealing of Critical Details



Airtight?????


