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Residential Spaces

1960-70’s

1870’s

< 2003

Changing Expectations
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Changing built fabric
Improved thermal comfort
Improved occupant health??

> 2010

Changing Expectations
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Temperature 
• Step 1 > 130 deg C (Human health and dewpoint)
• Step 2 > 150 deg C (human health)
• Step 3 > 200 deg C (min typical thermal comfort)
• Step 4 210 deg C (Typical thermal comfort)
• Step 5 <250 deg C (thermal comfort)
• Step 6 <280 deg C (Human health)

Human needs

Relative humidity
• > 35% Health and comfort
• >45 & < 55 HVAC – comfort and productivity
• <70% health and comfort 
• Note – mould growth

Air Quality
• Min ventilation rate 0.35 l / s / m2 / person
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The Australian building regulations

Higher Risk Low Risk, low rise

It is the role of the National Construction Code to require MINIMUM performance 
requirements for Health and Amenity in the built environment
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Australia’s building regulation climates
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Australia’s Hot-humid to Cool-temperate climates
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NatHERS & healthy housing

• Sadly NatHERS, is not the answer

• The NatHERS remit is about the reduction of 
greenhouse gas emissions that may be 
caused by house operation. 
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Recalibrating priorities
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Air Control (air-tightness & ventilation)
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Air Control Layers



Dr Mark Dewsbury
Centre for Architectural Science Tasmania 
Architecture & Design 12

mark.dewsbury@utas.edu.au
https://www.utas.edu.au/profiles/staff/architecture-design/dr-mark-dewsbury

https://www.researchgate.net/profile/Mark_Dewsbury

Air Control Layers
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Un-intended Mass Air and Water Vapour Transport
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Methods to manage interior generated water 
vapour
Passive vapour control systems 
• House ventilations (doors, windows)



Dr Mark Dewsbury
Centre for Architectural Science Tasmania 
Architecture & Design 15

mark.dewsbury@utas.edu.au
https://www.utas.edu.au/profiles/staff/architecture-design/dr-mark-dewsbury

https://www.researchgate.net/profile/Mark_Dewsbury

When is Water Vapour Trying to Escape 
(ext env <18degC)

Launceston CZ-7 – 91% Melbourne CZ6 - 88% Richmond CZ6 - 72%

Sydney – 65% Amberly CZ2 - 50% Darwin CZ1 – 58% Hot
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Thermal control
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Thermal Comfort
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http://www.dhgate.com/womens-down-coats-zipper-collar-feather-down/p-ff80808139bf02410139ed6b248f40e5.html

http://www.aliexpress.com/compare/compare-quick-brown-fox.html

Thermal Control



Dr Mark Dewsbury
Centre for Architectural Science Tasmania 
Architecture & Design 23

mark.dewsbury@utas.edu.au
https://www.utas.edu.au/profiles/staff/architecture-design/dr-mark-dewsbury

https://www.researchgate.net/profile/Mark_Dewsbury

Thermal Control
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Thermal Control Layer– Thermal Bridging

In this new building, the 
exterior cladding is COLD

In this old house, the exterior 
cladding is HOT
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Dynamic performance control (vapour)
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Dynamic daylight performance control
If we consider daylight control: 

• The values for daylight transmittance are static, 

• Whilst the exterior conditions (amount of cloud cover and cloud density) are 
dynamic, and 

• We use variable wattage lamps with Lux sensors to manage interior lighting 
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Dynamic noise performance control
If we consider noise control: 

• The values for noise transmission are static, and  

• We design based on a worse case scenario 

• The values for noise quality are dynamic, and 

• Basic calculation methods explore a single value, or   

• We use dynamic software tools like Dr Rob Bullen’s ‘Soundscape’ to explore how 
various sounds are experienced in a space.  
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Dynamic radiation performance control
If we consider radiation control: 

• The values for radiation calculations are static, and  

• We design based on static value (NCC)  

• But as per the radiation lecture, the direct and diffuse radiation is continually 
changing (is dynamic). 

• Better dynamic simulation tools use hourly Global, Direct and Diffuse solar 
radiation inputs to inform the affect of radiation on building performance.  
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Dynamic air-tightness performance 
control

If we consider air control / airtightness: 

• The values for air control and air tightness are generally a static value 
(i.e., 10@n50 ACR). 

• But tracer gas research highlighted the need to observe environmental 
data (temperature, relative humidity, barometric pressure, wind speed 
and wind direction) to inform the calculations regarding Air Changes per 
Hour (ACH), and 

• The blower door test method measures the relative leaky-ness of a 
building at different pressure differentials up to a 50Pa difference.

• But how do we include these variable inputs with a building simulation?



Dr Mark Dewsbury
Centre for Architectural Science Tasmania 
Architecture & Design 30

mark.dewsbury@utas.edu.au
https://www.utas.edu.au/profiles/staff/architecture-design/dr-mark-dewsbury

https://www.researchgate.net/profile/Mark_Dewsbury

Dynamic ventilation performance 
control

If we consider air control/ ventilation: 

• The values for air control and ventilation are generally a static value. 

But 

• The temperature of the outdoor air is always changing, 

• The relative humidity of the outdoor air is always changing, 

• The wind speed is always changing, and

• The wind direction is always changing. 
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This is further complicated by new and more efficient technologies

• Historically HVAC systems had a single and often constant rate of air 
flow that could be measured and adjusted. 

• But newer systems have variable ventilation rates, requiring the more 
precise quantification of air flows. 

• Furthermore, these are significantly affected by the dynamic operation 
of the building. 

• It is easier to control dynamic air flows if an over-pressure of air is used.

• But for this to work, the moisture balance of the building materials 
must be known and managed. 

• This becomes even more complex when retrofitting of low grade 
facades is considered. 

Dynamic ventilation performance 
control
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Dynamic thermal performance control
If we consider thermal control: 

• The values for the external climatic conditions historically only 
considered a single average air temperature

• The conductivity values for materials only considered a single value 
based on a test result for a single temperature and relative humidity. 

But 

• The temperature of the outdoor and indoor air is always changing, 

• The relative humidity of the outdoor air and indoor air always 
changing, and 

• How do we account for thermal capacitance  
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Dynamic hygrothermal performance 
control

If we consider the Hygrothermal calculation in lecture 8a: 

• The temperature and relative humidity values for the external climatic 
were static.

• The temperature and relative humidity conditions for the interior 
environment were static.  

• The conductivity values for the materials, regardless of temperature and 
moisture content, were static. 

• The water vapour resistivity values for each material, regardless of 
temperature and relative humidity, were static. 

• There was no consideration about the water vapour and moisture 
adsorptions affect on thermal mass.

• There was no consideration of moisture accumulation, wetting, drying 
or mould growth risks.
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Dynamic thermal comfort control

If we consider thermal comfort: 

Our simplistic calculation methods need for us to specify a single 
interior temperature.

But   

The ASHRAE and other standards show that our thermal comfort 
changes subject to: 

• Our physical activity

• The seasons

• Our contact with the outdoors 

• Our clothing  

• The relative humidity, and 

• The interior air speed. 
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Dynamic HVAC performance control

The HVAC system may be needed for: 

• Ventilation of air-tight buildings 
- air quality
- cooling, subject to external air temperature
- heating, subject to external air temperature

• Heating to ensure temperatures always meet health requirements (>150C) 

• Heating to ensure thermal comfort bandwidths and/or worker productivity 
relative to function and activity (i.e., sedentary office worker >200C)

• Cooling to ensure temperatures always meet health requirements (<280C)

• Cooling to ensure thermal comfort bandwidths and/or worker productivity 
relative to function and activity (i.e., sedentary office worker <250C)

• Relative humidity control 
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Dynamic humidity control

• The relative humidity and its control is an increasingly complex component of the 
design and construction of buildings. 

• Water vapour exists in the air we breath and in most construction materials

• As the air heats up, it absorbs moisture from all materials in the building. 

• As the air cools down, materials adsorb the water vapour until either materials 
become saturated or dew-point temperature is reached. 

• Within a building, the amount of water vapour within the air, and water vapour 
sources, play a pivotal role in the heating, cooling, dehumidification and 
ventilation energy a building may need. 

• Simple or complex static calculations will not provide enough guidance.  

• But we have mould growth when the RH is above 75% (recent UK research 
suggests 60%). What is the RH in Australian buildings?
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Observed relative humidity, 
(Class 1 & Class 2)

Relative Humidity 
recorded between 
85%-95% in some 
houses

An Energy Efficient and Healthy Home 

Is new housing a health hazard? Nath, Dewsbury, Orr,. 2018
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Is new housing a health hazard? Nath, Dewsbury, Orr,. 2018

An Energy Efficient and Healthy Home?? 
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Condensation
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Mould
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Consumer peril



Dr Mark Dewsbury
Centre for Architectural Science Tasmania 
Architecture & Design 42

mark.dewsbury@utas.edu.au
https://www.utas.edu.au/profiles/staff/architecture-design/dr-mark-dewsbury

https://www.researchgate.net/profile/Mark_Dewsbury

• The 2009 WHO report stated that residential dampness is associated with a 50%
increase in Asthma.

• Australia has double the OECD average for Asthma
• In 2019, Australia was the only developed nation with NO comprehensive

regulations on condensation and mould in buildings.

0%

5%

10%

15%

Australia USA UK

13%

6% 7%

Is new housing a health hazard? Nath, Dewsbury, Orr,. 2018

The human health cost
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Moisture and condensation
• Sources of moisture
• Water vapour in our homes and workplaces
• When water vapour is not managed properly
• Methods to manage interior generated water vapour
• Methods to manage exterior generated water vapour
• Regulatory support
• Professional risk
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Is regulation making homes unhealthy?

In 1 month
Creating Water vapour in our homes
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Water vapour in our workplaces
• Classroom 
– 28 Children @ 80-90 grams per hour

• Office 
– 1 person per 10-15 m2, creating 70-90 grams per hour
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How much water vapour can the air hold 

12 Deg C, 55% RH = 5 grams/kg 

21 Deg C, 55% RH = 9 grams/kg 
21 Deg C, 70% RH = 11 grams/kg 

Humidity ratio of moist air 
- grams of water /kg of dry air
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33 Deg C, 80% RH = 26 grams/kg 

26 Deg C, 55% RH = 12 grams/kg 

How much water vapour can the air hold 
Humidity ratio of moist air 
- grams of water /kg of dry air
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How much water vapour can the air hold 

Clarence MacAlister (MBA Tasmania)
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Vapour Control Layers
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Water Vapour – Managing Vapour Pressure
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Vapour Control Layers
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Water Vapour Diffusion

Water Vapour Permeable, and 
Water Vapour Impermeable Materials
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http://www.freshnessmag.com/2009/10/02/adidas-originals-by-originals-kzk-x-neighborhood-zivil-courage-diaplex-check-shirt/

http://www.getprice.com.au/Henri-Lloyd-GORE-TEX-Ocean-Explorer-Jacket-Women-Gpnc_668--71896123.htm

http://www.getprice.com.au/Gordini-Elevation-II-Gore-Tex-R-Gloves-Waterproof-Insulated-For-Women-Gpnc_446--90756828.htm
http://www.mcas.com.au/motorcycle-clothing-road-textile-pants/dainese-lontan-gore--tex-pants

http://www.koolstuff.com.au/products/bates-delta-9-gore-tex-black-waterproof-zip-sided-tactical-law-enforcement-army-military-boots.html

Vapour Control -
Permeability

Water Control

Thermal Control 
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Vapour control - permeability
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One 5 mm hole in the middle of the warm 
side, air extraction at the bottom of cold 
side (5 Pa)

How Much Water Vapour Diffusion?

Kunzel, H, (2019) Fraunhofer IBP
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TEMPERATURE, RELATIVE HUMIDITY & MOULD GROWTH

75% RH 
@18 deg C

NO VISIBLE MOISTURE NEEDED FOR MOULD TO GROW
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Moisture control
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Heat/Energy/Temperature

Dew Point Temperature

Condensation Risk Calculation
Graphing the result

SO 1970’S
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Non-transient simulations 
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• Dynamic temperature (top) and moisture (bottom) in a timber frame wall  

Kunzel, H, (2019) Fraunhofer IBP

Transient Hygrothermal Calculation Method
SO 2020
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Regulatory inadequacy
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Vapour resistivity & the single point testing method?
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• 230C & 35% RH
• 230C & 50% RH
• 230C & 65% RH
• 230C & 80% RH
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Thermal control layer – Reduce contact between warm and cool 
building materials (thermal bridging) 

Vapour control layer – Materials that allow the  climatically appropriate 
passive flow of water vapour

Water control layer – Moisture forms on the interior and exterior surface 
of cladding materials. A systems approach is needed.  

Ventilation – The design of passive ventilation strategies for unconditioned 
roof spaces, wall cavities and subfloor space, (includes supply and exhaust)
** And occupant controlled or mechanical ventilation of habitable rooms

BAL – Where required ventilation includes materials that apply AS3959 
principles

Five Key Principles for Effective External Envelopes
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• Water Control Layer - Cladding

• Air Control Layer - Lining

4 Key Principles

• Thermal Control Layer

X

X

X

X

• Air Control Layer
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• Water Control Layer – Cladding external surface

• Air Control Layer - Lining

• Vapour Control Layer 

• Water Control Layer – Cladding internal surface

4 Key Principles

• Thermal Control Layer

• Air Control Layer

• Vented cavity zone
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Hygrothermal design <> How to dress your building

Mould Index Definition

Nil No simulated mould growth was simulated
</=1.0 Acceptable level of mould growth was simulated

>1.0 to <3.0 An amount of mould growth was simulated that 
requires further investigation

3.0> Unacceptable amount of mould growth was 
simulated
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Hygrothermal design <> How to dress your building

Membrane Permeance
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Hygrothermal design <> How to dress your building

Building air-tightness
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Hygrothermal design <> How to dress your building

Vented cavity systems (mass vapour transport)
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Designing Healthy Homes

Questions?

Mark Dewsbury (PhD) 
mark.dewsbury@utas.edu.au, 

+61417290807


