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Condensation and the building envelope

Dr Richard Harris

A brief history of condensation

• Human activities generate moisture;

– If the moisture is trapped inside a building then the 
relative humidity of the air increases;

– If the building envelope is too cold then 
condensation may occur on surfaces and within 
the fabric;

• Even if we avoid condensation then the RH may be 
high enough that biological organisms thrive:

– mould, dust mites, bacteria and viruses;

– all hazardous to human health!

Look away now! Controlling moisture

• Ventilating the building helps to remove moisture at 
source:

– but giving occupants too much control over 
ventilation means that it may not be used;

• Cutting moisture generation rates is helpful, but not 
always practical:

– avoid drying of clothes indoors;

– use flued heating appliances;

– cut down on pot plants and fish tanks!
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Improving temperatures

• Increasing the indoor temperature will increase fabric 
temperatures:

– but warm air can hold more moisture than cool air, 
which risks encouraging the proliferation of 
biological organisms;

• Improving the thermal properties of the building 
envelope may avoid condensation and mould:

– but may encourage people to live in unhealthy 
conditions;

– condensation is an indicator that things aren’t right!

From .... To....

Snow House © Santambrogio

Flag Fen, Peterborough

Once upon a time...

• Old buildings were naturally leaky & poorly insulated;

• Heating centred on wood burning and was relatively 
cheap (wood grows on trees!);

• Domestic buildings occupied and heated all day, 
laundry dried outdoors and outdoor toilets;

• Poor thermal performance of building envelopes, but 
low net moisture production rates and the building 
fabric was always warm in the occupied rooms.

Home improvements

• Airtightness improved by fitting new windows;

• Instantaneous electric heating installed, powered by 
coal-fired generating stations;

• Occupancy patterns shifted – more people going out 
to work, indoor bathrooms with showers, washing 
machines & clothes drying in front of a heater;

• Net moisture production increased, building better 
sealed, building fabric was cooler much of the time.
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New build

• New buildings are designed and constructed to be 
near-airtight but very well insulated, more people 
living in flats, bathrooms with no external walls;

• Heating based on expensive imported fuels;

• Less thermal mass, so heating more instantaneous & 
to higher temperatures, laundry often dried indoors;

• Net moisture production rates are even higher, and 
the building fabric is warmer still, but is this better?

Setting the bar too high?

• Occupants are now able (encouraged?) to live in an 
environment which is ideal for the proliferation of 
harmful biological organisms;

• Giving occupants control over the living environment 
often means that decisions regarding living conditions 
are prioritised according to short-term costs rather 
than long-term health issues;

• Fewer issues exist in an office environment, where 
excessive moisture is much less likely.

Factors affecting indoor moisture levels

• Indoor moisture levels are dominated by:

– how many people are occupying a property:

• including how much time they spend indoors;

– the volume of air within the property;

– the exchange of indoor air with outdoor air:

• ventilation;

• moisture diffusion;

• moisture absorption and storage;

• Designers have to allow for a sensible worst case.
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World Health Organisation 2009 report

• WHO Europe published a key review in 2009:

– WHO Guidelines for indoor air quality: Dampness 
and mould

• This report reviewed the evidence for a whole range 
of potential health issues arising from dampness in 
buildings, based on research carried out and reported 
in dozens of countries around the world.

WHO key finding – moisture levels

• Higher moisture levels in buildings may:

– Increase the presence of biological agents generally;

– Raise the risk of mould growth;

– Increase the population of dust mites and other living 
organisms which produce allergens;

– Increase the release of harmful chemicals from 
building materials, either directly through the 
chemical action of moisture, or indirectly through the 
action of microbial agents;

– Promote bacterial growth and the survival of viruses.

WHO key finding – ventilation

• Ventilation is important for numerous reasons:

– Ventilation usually reduces indoor humidity;

– Poor ventilation increases allergic/other symptoms;

– Ventilation disperses/dilutes the concentrations of:

• airborne viruses or bacteria that can cause 
infectious diseases;

• harmful substances such as tobacco smoke, 
radon gas or other chemicals found in household 
products (e.g. propellants used in aerosol sprays);

– Improved ventilation improves performance and 
productivity in offices.

WHO key finding – ventilation rates

• Ventilation should be sufficient to avoid or minimise 
persistent dampness:

– Ventilation rates of less than 10 l/s per person are 
linked to significantly higher incidence of one or 
more (negative) health outcomes, or with worse 
perceived air quality in offices;

– Ventilation rates of more than 10 l/s per person, up 
to 20–25 l/s per person, are linked to a significant 
decrease in symptoms of sick-building syndrome, 
or with improved perceived air quality in office 
environments.
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Approved Document F – ventilation rates

• Standard occupancy: 2 persons for first bed, then one per bed thereafter;

• Increased occupancy: 2 persons per bed;

• Ventilation rate 13 l/s for two persons, then 4 l/s per person thereafter;

• Ventilation rate subject to minimum 0.3 l/s per m2 of floor area.

Standard occupancy Increased occupancy

Beds persons l/s l/s per person persons l/s l/s per person

1 2 13 6.5 2 13 6.5

2 3 17 5.7 4 21 5.3

3 4 21 5.3 6 29 4.8

4 5 25 5.0 8 37 4.6

5 6 29 4.8 10 45 4.5

WHO key finding – fungi and mould

• The report identified dozens of kinds of fungi and 
mould that have been identified in buildings:

– many have an adverse impact on the health of 
humans;

– some can damage timber and other materials, 
including causing structural damage;

• In the range of temperatures found in buildings in the 
UK, some fungi/moulds can germinate and grow at 
RH below 80%, and some below 65%.

WHO key finding – house dust mites

• Dust mites can survive at a relative humidity below 
50%, but will multiply rapidly at higher RH;

• To prevent the multiplication of dust mites in homes, it 
is recommended that the relative humidity during the 
heating season should be below 45-50%;

• This is only likely to be achieved if sensible levels of 
ventilation are both made available and used when 
appropriate.

Space invaders
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Bigger is better!

Type Area
[m2]

Occupants Moisture
[kg/day]

Ventilation
[l/s]

1 bed studio 22.5 2 8 13.0

1 bed 45.0 2 8 13.5

2 bed small 45.0 4 10 21.0

2 bed large 100.0 4 10 30.0

3 bed 175.0 6 12 52.5

• Increased occupancy: 2 persons per bed;

• Moisture generation from BS 5250;

• Minimum ventilation rate 0.3 l/s per m2 of floor area (AppDoc F).

Predicted RH – basic & WHO

Type Predicted RH – basic Predicted RH – WHO

1 bed studio 54.6 41.2

1 bed 53.2 41.2

2 bed small 45.9 31.9

2 bed large 37.1 31.9

3 bed 30.5 28.8

• Calculation based on formula in BS 5250;

• Basic prediction assumes Approved Document F ventilation rates;

• WHO prediction assumes 10 l/s per person;

• Indoor temperature 20°C, outdoor temperature -5°C and 95% RH.

CWCT recommendations

• Don’t just specify high levels of RH for design;

• Start by working out what the RH might actually be:

– it might well be cheaper to provide more ventilation 
in the smaller apartments rather than specify 
windows to be condensation free at a higher RH;

• Provide adequate ventilation and make sure that it is 
being used:

– Provide clear advice to occupiers as to the health 
risks if they do not use ventilation properly.
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