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ABSTRACT: The climate in New Zealand is mostly cool and humid. Houses in New Zealand are 
generally constructed of timber, naturally ventilated, un-insulated if built prior to 1978 and frequently 
under-heated. These circumstances result in widespread problems of discomfort and sickness. It has 
been estimated that one third of New Zealand houses have mould inside (Howden-Chapman 2002). 
Recent medical research has shown links between respiratory illness and cold, damp, overcrowded 
houses (egg. Baker et al 2000). Damp and cold are serious problems in New Zealand housing.  
The prompt for the study reported in this paper was a colleague’s remark that such problems are 
caused “not by the house itself, but the way people use it”. The author was able to test this proposition 

firsthand after moving into a small un-insulated house. This limited study showed that whilst it was 
possible to achieve tolerably warm and dry conditions through the actions of occupants and ‘correct’ 
use of ventilation and other hygrothermal variables, some of the actions required were counter-intuitive 
and most needed high levels of commitment and knowledge. The study suggests that the solution to 
the cold, damp house problem lies more in its design than in educating or regulating the occupants.  
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INTRODUCTION  
 
Over centuries of conurbation, people have learned that 
overcrowding, poor sanitation, damp and cold will 
combine to make people sick, yet until recently we have 
accumulated surprisingly little scientific knowledge about 
the health effects of the domestic environment (Howden-
Chapman et al 2004). In New Zealand from as early as 

1887, surveys into the state of housing and its relation to 
health have been conducted, but “serious” research into 
housing and health only began in the early 1990s when 
the adverse social and health impacts of economic 
restructuring started to emerge (Bullen, 2004). Since 
then, various advocacy research projects have shown 
links between inadequate housing, income and ill-health 
(e.g. Kearns et al 1992, National Health Committee 
1998). Half the houses in New Zealand lack insulation 

(BRANZ 2001), while one third have visible mould inside 
(Howden-Chapman et al 2002). Ten percent of people 
live in overcrowded conditions in low rent under-insulted 
under-heated housing – conditions that are now known 
to place households at much greater risk of being 
infected with a range of communicable diseases, 
including meningococcal disease which has been at 
epidemic proportions in New Zealand since 1991 

(McNicholas et al 2000, Baker et al. 2000).  
People have also learned over the centuries that the 
answer to cold and damp in housing is sunshine and 
fresh air. In New Zealand, the traditional way to ventilate 
a house is by openable windows. The literature also 
leads us to the conclusion that ‘natural’ ventilation works 
if properly designed. For example, in the New Zealand 
Building Code, manually operated windows are an 

acceptable solution to the ventilation requirements for 
domestic dwellings (Building Industry Authority 1998). 
There is wide-spread scientific and professional 
acceptance that indoor air quality and ventilation are 
linked, and that natural and passive ventilation can be 
effective (egg. Standards New Zealand 1990, BRANZ 
2003). 

Yet the problem persists - many New Zealand houses 
remain cold and damp despite meeting code 
requirements. In a large survey, a third of New Zealand 
households reported visible mould in their houses 
(Howden-Chapman et al 2002). The production and 
concentration of moisture in a house increases with 
household population, which is an added health problem 

for the more than ten percent of New Zealanders who 
live in crowded conditions (Howden-Chapman 2004). 
The existence of damp and mould in a house indicates 
conditions that are highly conducive to the spread of 
communicable disease, with risk factors increasing 
exponentially with increases in the number of people per 
household. A case-controlled study of meningococcal 
disease among Auckland children found that household 

crowding was the most important risk factor for this 
disease, with 200 fatalities out of 5000 cases over ten 
years (Baker et al 2000). 
If roughly one third of New Zealand’s houses are damp 
and cold, what causes the difference between them and 
the roughly two thirds that are warm and dry? Is natural 
ventilation a reasonable option in a cold damp climate? If 
the theoretical answer to this is yes, what can we expect 

people to reasonably know and do, to keep a house 
warm and dry? These questions were further explored 
through the author’s first-hand experience of living in a 
cold damp house. 
 

1. DESCRIPTION OF CASE STUDY HOUSE AND 
HOUSEHOLD  
 
1.1. Layout  
The subject house is a two-storied flat-roofed “box”, 
designed by the noted Austrian modernist architect Ernst 
Plischke, and built in 1963. It has a total floor area of 

approximately 120m2 and an enclosed volume of about 
340m3. Construction comprises a timber frame, timber 
weatherboards and plaster linings, timber windows with 
single glazing, and strip-timber floors. The under-floor 
space is ventilated to code requirements, which in 
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Wellington’s windy climate means that the space is well 
ventilated. Although basic, the building is well 
maintained, with no evidence of leaks. The size, 
materials, construction and layout of this building is 

typical of the modest bungalows and two-storey houses 
constructed post WWII in New Zealand (Figure 1). 

 

 
Figure 1: Floor plans of subject house 

 

1.2. House features salient to the investigation  
Certain features of the house are important in the context 
of this investigation.  
The bathroom has a shower box with its own side-hung 
casement window which opens out against the prevailing 
northerly wind, resulting in a partial vacuum across the 
open portion of the window. The room contains a wall-
mounted fan heater rated at 1.8kw. 

The kitchen is a separate room. It is equipped with a 
standard electric four-burner stove. A range hood is 
installed above window head (approximately 1.2m above 
bench level) but is not vented to the outside and was 
disconnected by the previous owners (presumably 
because it served no useful purpose given the excessive 
height above stove-top and the lack of external venting). 
There is no dishwasher. The kitchen has two top-hung 

casement windows, located diagonally opposite each 
other and behind the sink and stove respectively. The 
kitchen is located on the south-west corner of the house 
in the lee of the prevailing north-westerly, which probably 
causes some negative pressure outside the west-facing 
and south-facing kitchen windows.  
The laundry equipment comprises a two-bowl sink, a 
washing machine and a condenser drier (i.e. a drier that 

condenses moisture from the clothing into a tray). There 
is a clothes hoist outside. 
 
1.3. The household  
The household consists of two adults and one eleven-
year old child. Both adults work during the day, and the 
child attends school, so during weekdays the house is 
left unattended and locked up from about 8am to 7pm. 
About one weekend in three a friend of the child sleeps 

over, and there is the occasional gathering or party with 
up to 8 people sharing a meal.  

 
3. RESEARCH METHOD 

 

The research reported in this paper is designed to 
explore the proposition, implicit in the Building Code and 
industry practices, that natural ventilation by means of 
openable windows, in New Zealand conditions, is 
scientifically viable and (since the successful operation of 
a ventilation system depends on human behaviours and 
interventions), operationally reasonable. The specific 
issue being addressed in this case study is the degree to 

which it is physically possible and humanly reasonable to 
maintain warm and dry conditions in an un-insulated 
light-weight timber building in a cold damp climate – a 
problem that afflicts about one third of New Zealand 
households. The study could also throw light on possible 

reasons why some houses “work” and others don’t. 
The opportunity for the case study arose when the author 
and his family moved into an un-insulated and poorly-
heated timber house, located in a city-fringe suburb of 

Wellington, New Zealand. On move-in, and over a period 
including two winter months, the internal conditions of the 
house were studied in relation to household activity and 
occupant behaviours. The methods used involved 
observations, experiments and measurements that would 
be within the reasonable capacity of most householders, 
using equipment available to most householders. The 
reason for this approach was to set up the possibility of 

similar practical enquiries being made by others in similar 
circumstances. Table 1 displays the simple instruments 
used in making measurements of moisture generation, 
moisture deposits in the form of condensation and 
dampness, power consumption. Table 2 displays the 
measurements made in various parts of the house and 
Table 3 displays the main observations made of 
occupant behaviours and household activities that were 

predicted to influence hygrothermal conditions in the 
house, or are a response to the conditions. 
Observations and measurements focused on the 
moisture-intensive locations and activities in the house 
(the kitchen, laundry and bathroom), and the effects on 
parts of the house where there was evidence of moisture 
build-up (egg. visible condensation, damp clothes, and 
mould growth). In each situation involving major changes 

in levels of moisture and/or heat, observations were 
made of the normal activity and normal behaviours of 
householders (the author included), and the effects of 
activity on the hygrothermal conditions indoors.  
Following studies of normal behaviours and their effects, 
experiments were carried out on a trial and error basis to 
test various ideas for improving warmth and dryness. 
These involved ways to increase ventilation, reduce the 
production of pollutants, reduce the presence of moisture 

by means other than ventilation, increase indoor air 
temperature, reduce radiant heat losses, and trying other 
means of maintaining thermal comfort. 
 

Table 1: Instruments and apparatus used in the study, 
with typical applications 

Instrument or apparatus Typical measurement application 
(more fully described in Table 2) 

Cooking thermometer, 0 – 100 
degrees Celsius 

Water temperature; air temperature 

10 litre bucket and watch Shower water usage in litres/minute 

Incense stick Direction of air movement 
AEG condenser clothes dryer Moisture retained in clothes, washing, 

bath towels 

Cotton cloth and graduated 
medicine glass 

Surface moisture, egg. in shower and 
on windows 

Tape measure Dimensions of windows, vented areas 
20cm pan with lid, water, graduated 
kitchen liquid measure 

Rate of moisture release to the 
atmosphere from boiling water 

 

4. RESULTS 

 
The results are arranged into three sections: the 
condition of the house on move-in; the habitual 
behaviours of the householders and their effects on 
indoor conditions; and the results of experiments and 
adjustments to systems and occupant behaviours. The 
results are further organized according to the main 
moisture-related locations in the house – bathroom, 

kitchen, and laundry. In the interests of brevity, only a 
selection of the results is given here. Readers interested 
in more detail are invited to contact the author. 
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Table 2: Phenomena studied in the subject house 
Location Phenomenon measured and/or observed Units 

Typical rate of water consumption in the shower, by each user  litres/minute/ea 

Shower water temperature, typically selected by each user 0C 

Residual moisture on surfaces of shower compartment after showering mls/day 
Residual moisture outside shower compartment after showering, on bathroom surfaces and within towels, 
bathmats and other fabrics  

mls/day 

Direction of air movement within bathroom Relative position 

Time taken for condensation on windows to clear hrs/mins 

Area of ventilated openings (windows) cm2 

 

Bathroom 

Temperature rise in bathroom from heater 0C/min 

Typical amount of hot water consumed in washing dishes litres/day 
Hot water temperature in kitchen (from separate storage cylinder for kitchen) 0C 

Rate at which boiling water from a 20cm pot without lid transfers moisture to the atmosphere litres/hr 

Rate at which boiling water from a 20cm pot with lid transfers moisture to the atmosphere litres/hr 
Moisture condensed onto single glazed windows mls/m2 

 
Kitchen 

Time taken for condensation on windows to clear hrs/mins 
Moisture in a 5kg load of washing mls/5kg load Laundry 

Moisture in 5kg of “dry” clothes left in laundry basket for 1 day mls/5kg load 

Average daily power consumption over 6 month period February - July Kw/day 

Mould growth Visible trace 

Incoming temperature of water (cold) 0C 

Temperature of stored hot water 0C 

Power rating of appliances and equipment (heating and moisture-related) Kw 

 

Whole house 

Air temperatures indoors and outdoors 0C  
 

Table 3: Observations of householder behaviours 
Location Observations of behaviours 

Pre-shower preparations involving heating, ventilation, and preparations for moisture control 

Shower use, involving shower curtain operation, temperature and pressure of water, adjustments to the direction of shower head and 
duration of shower 

 
Bathroom 

Post-shower behaviours, involving drying the body, adjusting the room and equipment to reduce residual moisture in the room and to 
ventilate the room, controlling the room and heater for comfort, and dealing with wet towels 

Food preparation and cooking, involving menu choice, methods used in cooking (especially those that produce steam), duration and 
times of kitchen use 

Dish washing and cleaning activities involving the use of hot water 

 
Kitchen 

Use of appliances requiring electricity, and/or producing moisture  

Frequency in use of clothes washer and hand wash tub 

Frequency in use of clothes dryer and other means used to dry clothes 

 
Laundry 

Ironing, involving the use of steam 

Bedrooms Use of storage facilities for clothes 

Use of doors and windows for ventilation Whole house 

Heating equipment use and “keeping warm” behaviours 

 

4.1. Condition of the house at move-in, and short-
term action 
At move-in, the house was structurally sound and free of 
leaks, although openable windows on the north façade – 
facing the strongest wind-driven rain – were sealed and 
screwed shut. The hinges of several windows were badly 
rusted, most notably the window in the shower recess 
which evidently had not been opened for a long time. 

There was mould on interior surfaces and fabrics 
throughout the house, but most severe in the shower 
recess, in all bedroom wardrobes, in the laundry, and on 
the wall behind curtains in the living/dining area. Without 
supplementary heating on overcast days or at night the 
temperatures inside the house nearly matched external 
temperatures. On an overcast day in autumn or winter, 
indoor temperatures were typically in the range of 9

0
C to 

12
0
C. On a clear night, indoor temperatures were 

typically 5
0
C to 7

0
C. The lowest indoor temperature 

recorded in the study period was 3
0
C. However, on 

sunny afternoons high indoor temperatures were 
experienced due to the large area of west-facing 
windows. The un-insulated bare-timber floor at ground 
level, un-insulated ceiling at first floor level, and 
wall/window surfaces were all cold (even when the air 
temperature was raised by heating), so that the overall 

experience of the house was cold. 
On move-in, all indoor surfaces were scrubbed and 
mould areas treated with a proprietary product. Curtains 
were removed from the bedrooms and living/dining area 
because of their damp and mouldy condition, and for 
aesthetic reasons. Soon after move-in, electric blankets 
were fitted to the beds (which had felt permanently 
damp) and electric fan heaters were installed in the 

child’s bedroom, the living room and the study. These 
overloaded the electrical circuits when operated at the 
same time, requiring additional circuits and a new 
switchboard. 
 
4.2. Householders’ normal behaviours, and the 
consequences for indoor conditions 
This section summarizes the normal actions and 

behaviours of the householders that most affect the 
indoor environment, particularly hygrothermal conditions. 
“Normal” behaviour here means intuitive actions and 
habits that were not yet influenced by experimentation 
and a closer study of solutions to problems of cold and 
damp. 
4.2.1. The bathroom 
Each member of the household took a shower once a 
day, normally in the mornings. Baths were taken on 
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average once in two weeks, for relaxation rather than 
washing. Table 4 displays the normal behaviours, and 
their effects on hygrothermal conditions. 
4.2.2. The Kitchen 

Adult members of the household take turns to cook, 
sometimes cook together although this is made awkward 
by the small dimensions and layout of the kitchen. 
Typically, breakfast comprises a hot drink (tea or coffee), 
cereals, fruit and toast during weekdays and a cooked 
breakfast such as poached eggs one or two days in the 
weekend. The evening meal is the main meal of the day 
in this household, generally involving stove-top cooking 

methods – broiling, pan frying, wok cooking, or (less 
frequently) oven cooking – roasting and baking. Table 5 
displays the typical kitchen behaviours, and their effects 
on hygrothermal conditions. 
4.2.3. The Laundry 
Laundry equipment comprises a double laundry tub, an 
AEG front-loading washing machine, an AEG front-
loading condenser drier, and two large baskets for dirty 

and clean laundry. Outside there is a rotary clothes hoist 
about 5m away from the laundry door.  
Laundering is done about three times a week, amounting 

to about 30Kg of washing per week. In this household, 
cotton clothes and bed linen are favoured over synthetic 
fabrics, and take up more water. The washing machine is 
set to spin dry at 1000rpm.  

 
4.3. Adjusted behaviours and resulting effects on 
hygrothermal conditions 
Within a week or two of moving into the house, having 
initially adopted the “normal” behaviours outlined above, 
it became obvious that changes of some kind would be 
necessary to achieve tolerably dry and warm indoor 
conditions. Plans were made to insulate the house, 

install double glazing and install heaters and/or a heat 
pump. However, because these measures are beyond 
the means of households that typically occupy cold, 
damp houses , it was decided to first test the extent to 
which improvements could be made by adjustments to 
householders’ behaviours and/or simple, low-cost 
changes to the house.  
Using a trial and error approach, various ideas were 

tested in the bathroom, kitchen and laundry areas, and in 
other parts of the house generally. Table 7 summarizes 
the strategic approaches that were adopted. 

 

Table 4: Normal bathroom usage, and typical effects 

Activity/behaviour and apparent reason Effects on hygrothermal conditions 

Enter the room. Close the door for privacy and to reduce cooling drafts Closed door helps limit the spread of moisture to other parts of the house 

Close (or not open) bathroom window to keep warm Prevents ventilation to the outside; glass surfaces fog and “weep”, other 
surfaces glisten with damp 

Turn on the space heater to keep warm Raises temperature by 4 – 50C in about 8 minutes; mixes air within room, 
raises dew point 

Turn on shower and adjust mixer for temperature and pressure to suit 
personal preferences and comfort 

Enter shower compartment, close shower curtain and wash body and/or 
hair for 5 to 8 minutes. Curtain stops water splashing onto floor 

Shower uses an average 8 litres/minute, at temperatures ranging from 45 to 
500C; hot water costs are in the range 40 to 86 cents per shower; 
condensate on cold surfaces about 30mls/m2 = approx 800mls on walls, 
ceiling and windows 

Push curtain aside and step out of shower dripping wet. Urgency is get 
towel and to keep warm 

Water on shower walls, on step and on floor = 200mls; moisture in bathmat 
= 180mls;shower curtain remains damp when bunched up 

Partially dry body, wrap body with towel, dry hair with dryer Hairdryer adds heat to room, also moisture from hair (est. 100mls). 
Moisture in 1 towel = approx 140 – 170 mls (x 3= approx 500mls) 

Leave window closed, OR (rarely) open the window 
If opened, to ventilate room 

If closed, room surfaces remain damp for hours, even to the next day; if 
open, cools the room, which dries over several hours, towels left in 
bathroom remain damp to next day 

Leave bathroom, door open; bathmat left on the floor, personal towel left in 
bedroom or bathroom 

Moist warm air escapes to colder house, mists all windows after three 
showers (approx. 350mls) ; towels dampen bedrooms.  

 

Table 5: Normal kitchen usage, and typical hygrothermal effects 

Activity/behaviour Effects on hygrothermal conditions 

Enter the kitchen from living area, leaving the door open. Close any open 
windows; 

Open kitchen door results in the spread of moisture to the living area, 
evidenced by fogged windows in living area; 

Prepare food for cooking egg. wash vegetables with cold water Negligible short-term effect on atmospheric moisture; longer term effect by 
evaporation from moist peelings/waste, dishcloths, tea-towels etc are left in 
kitchen 

Cook with water at or near boiling point, in open pots, egg. . making soup, 
cooking pasta, reducing liquids.  
Windows closed 

300ml of water boiling in a 20cm diameter open pot evaporates in 10 
minutes. Heavy condensation, “weeping” on closed windows puddles form 
on cills. Windows take over 2 hours to 50% clear, residual water present 12 
hours later. Some “weeping” condensate on living room windows.  

Cook by steaming or stewing, with lids on, egg. making a stew, steaming 
vegetables. 
Windows closed 

300ml of water at boiling point in a 20cm diameter closed pot evaporates 
70ml in 10 minutes. Windows fully misted but not “weeping”. Windows start 
to clear in centre of pane, starting with windows nearest stove, 50% clear in 
one hour, fully clear after 2-3 hours 

Cook by baking in oven, egg. roasting.  
Windows closed 

Negligible condensate on kitchen or living room windows; kitchen warms one 
or two degrees Celsius 

Draining cooked vegetables, pasta etc. Produces sudden increase in atmospheric moisture, fogs windows, adds to 
“weeping” windows and walls 

Appliance/equipment use, egg. electric jug, and dishwashing Produces sudden increase in atmospheric moisture, fogs windows, adds to 
“weeping” windows and walls. Hot water from kitchen HW cylinder is at 660C, 
produces significant quantities of steam when the sink is filled, or items are 
rinsed under a hot tap. 
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Table 6: Normal laundry usage, and typical hygrothermal effects 

Activity/behaviour Effects on hygrothermal conditions 

Washing done in evenings or weekend (daytime); 3.5kg load, cold wash 
normally, occasional hot wash. Washer rated at 2Kw 

Negligible observable moisture release into indoor atmosphere 

Small items or urgently needed items are dried in the drying machine, the 
bulky items on the clothes line. Condenser-type dryer rated at 2.05Kw, 
dries load in 45 minutes 

Water condensed into drawer within machine, negligible observable moisture 
release into indoor atmosphere. A 3.5Kg load of spun-dry laundry holds 1.45 
litres of water. 

Clean, dried laundry is left in laundry basket until ironed or folded and put 
away in laundry and bedroom cupboards 

A 3.5Kg load of “dry” laundry absorbs 115mls of moisture over a day in the 
laundry 

Steam ironing done in living area Steam iron releases 400 – 600 mls of water into air and clothes when ironing a 
3.5Kg load of laundry. 

 

Table 7: Strategic approaches to maximizing warm dry conditions 
Ref Strategy Description/example 

1 Minimise moisture production Reduce or prevent the production of steam/moisture and its introduction into the indoor environment 
2 Ventilate Remove moisture-laden air to the outside of the house as soon as possible after it is produced, by the 

shortest route possible. 

3 Localise moisture Limit the spread of moisture from the point or room in which it is produced, to other parts of the house 

4 Remove moisture Remove moisture (in liquid form) from the house where it forms in quantities large enough to enable 
collection and disposal 

5 Heat (in conjunction with ventilation) Raise air temperature to support more moisture, maximize ventilation efficiency, and increase comfort 
6 Reduce heat loss from people in the 

house 

Limit radiant heat losses from occupants to cold house surfaces; reduce heat losses due to convection and 
conduction; increase personal insulation through clothing etc. 

 
In each space (egg. kitchen) and for each activity (egg. 
cooking) there are many combinations of the physical 
variables (under the control of householders), that affect 
the hygroscopic state of the system. For example, a 
person taking a shower in this house has control over 
four architectural variables affecting ventilation: two 

windows (each independently open or closed), one door 
(open or closed), and a room heater (on or off). In this 
instance there are 16 possible settings. The windows 
may be opened to varying degrees, further increasing the 
possible number of settings. 
Table 8 displays the combinations of behaviours and 
physical settings that worked best to keep the house dry 
and tolerably warm, with the least disruption to normal 

household functions. 
 

CONCLUSION 
 

This case study was used to explore various questions 
related to household living conditions in New Zealand’s 
cold damp climate – does a naturally ventilated and un-
insulated house have the capability to provide suitably 

warm dry indoor environments, and if so, with what effort 
and cost on the part of its occupants? Questions such as 
these are not reliably answered by studying one case, 
but the case can suggest tentative answers and can help 
to define the further research.  
To make living in a cold damp house tenable, the 
householders in this case had to modify behaviours and 
habits acquired from living in more benign residential 
surroundings where warmth and dryness were not 

issues. They had to consider showering less often; think 
carefully about the sequence of events and micro-
behaviours in taking a shower or doing the laundry or 
washing the dishes; reconsider cooking methods, spend 
time mopping up surface water and condensation 
throughout the house, take security risks leaving a 
bathroom window open even when absent from the 
house during the day, adjust to wearing winter clothing 

inside; put up with added discomfort in the interests of 
overall health, and make numerous other adjustments 
and changes to daily routines. Among these 
adjustments, perhaps the most difficult to make are 
counter-intuitive behaviours, such as opening a window 
for ventilation, when it is cold outside and one is naked 

and about to take a shower. Among the members of the 
three-person household in this study, it was relatively 
easy to reach agreement on how to cope with (and 
solve) problems of cold and damp. But with increased 
numbers of people in a household, two problems of scale 
arise. The first is that there is significantly greater 

production of moisture in a larger household in a 
standard-size house, and a corresponding increase in 
health risk. Baker et al (2000) reported that the risk of 
contracting meningococcal disease doubles with the 
addition of two people in a six room house, and 
increases by a factor of 10.7 with the addition of six 
people. The second problem of scale is that concerted 
action by the household is essential to controlling damp, 

but it becomes more difficult to achieve agreement and 
take concerted action among the members of a larger 
household. Poverty is also likely to be a factor – if the 
household cannot afford to adequately heat the house, 
hygrothermal conditions and health will deteriorate  
We can conclude that a house of the type used in the 
study does have the capability to perform as needed in 
terms of basic ventilation by means of openable 

windows. The results appear to confirm the science 
implicit in the Building Code. However, we can also see 
that in order to achieve reasonable indoor conditions in 
these circumstances requires a considerable level of 
knowledge and commitment on the part of the 
householders. It is physically possible to keep an un-
insulated naturally-ventilated house in a cold humid 
climate reasonably warm and reasonably dry, but only by 
paying close attention to the relationships between the 

house, the environment, and people’s activities. 
Managing a cold damp house is hard work. 
So, while it seems that people can “make it work”, or 
equally they can “wreck the chance to make it work”, it 
also seems from this limited study that the solution to the 
cold, damp house problem lies more in its design than in 
educating or regulating the occupants. To the question of 
whether it is reasonable to expect people to manage an 

un-insulated, naturally ventilated house in a cold damp 
climate, the answer will more often than not be “no”. The 
design/research challenge is to invent ‘a machine for 
living’ that keeps warm and ventilates itself without 
complicated or expensive mechanical devices, and 
without demanding the full attention of its occupants.  
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Table 8: Behaviours and physical settings best able to achieve warm dry conditions and functionality 
Sp

ac
e 

St
ra

te
gy

 
Behaviours and physical settings Effects on hygrothermal conditions and functionality 

1+5 

Open window in shower compartment by 4cm 
(480cm2 airway); close door; close second 
bathroom window; turn on heater - all before 
turning on and taking a shower. Leave window open 
after showering (preferably permanently – security 
OK (being on first floor). 

With the door closed and window open a reliable air movement occurs from the rest of the 
house, (via a under the bathroom door), across the bathroom to the shower compartment 
and out the window. This movement drags the moisture-laden air outside. With the heater on 
early, the room warms, making it more tolerable for naked bodies, and increasing the 
ventilation process by mixing the air in the room together with the stack effect. This setting 
keeps the bathroom substantially clear of condensation, with some misting of glass surfaces 
that clears in about 10 minutes after showering. 

2 

Shower less frequently, egg. 2 times in 3 days; 
reduce duration of shower; reduce water pressure 
egg. by resetting the “full on” limiting position of the 
mixer; reduce water temp (thereby reducing amount 
of steam). 

These minimizing actions reduce demand on the ventilation system and save power. Each 8-
minute shower uses in excess of 60 litres of water (45-50 litres hot) and releases an 
estimated 1.2 litres of moisture to the indoor atmosphere in the form of steam, standing 
water and dampness in bath-towels and bathmats. A standard shower costs approximately 
75cents for water heating = 3 hours space heating costs elsewhere in the house.  

3 
Close the bathroom door while using the bathroom 
and afterwards 

Limits the spread of moisture laden air into the hallway. In this case study, this measure 
almost eliminated misting of hallway and bedroom windows from the bathroom as source.  B

a
th

ro
o

m
 

4 

Wipe off excess moisture from the body before 
exiting the shower recess; mop up standing water 
on the floor and shower step, and dispose of it into 
a drain; remove damp towels and bathmat, either to 
dry outside, or in the dryer; wipe down wet surfaces 
especially in the shower and dispose of water by 
drain 

The body and hair “holds” from 50mls to 150mls of water that would otherwise be 
transferred to a towel and deposited on the floor or into a bathmat, and much more water (an 
estimated 200mls for an adult) streams off the body into the undrained space of the 
bathroom if the person moves quickly from shower to bathroom space “Squeegeeing” the 
body and hair disposes of this water down the shower drain instead. Similarly, collecting water 
from the floor and damp surfaces and disposing of it down a drain eliminates an estimated 
100mls of water per shower event that would otherwise gradually evaporate into the indoor 
atmosphere. A cotton bathmat typically retains 150mls of water and a towel used in drying 
one adult typically retains 125mls of water. 
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Open both kitchen windows 40 to 60cm (depending 
on wind speed and direction) and close kitchen door 
on entering the kitchen to prepare a meal; whether 
day or night, rain or sun, large meal or cup of tea 

This arrangement creates a cross ventilation effect near to the points of most moisture 
production in the kitchen, the sink and the stove. Refer to Table 5 for details of moisture 
production, in summary, with windows open an estimated one to two litres of water vapour 
are vented to the outside in preparing and cooking a meal 

2 

Select cooking methods to reduce use of water; 
keep lids on pots or use pressure cooking; wash 
dishes at one time rather than in small batches; 
heat plates in over rather than under running hot 
water; use moderate amounts of hot water; dry 
dishes with a cloth; use the left-over clean cooking 
water for washing dishes 

Baking and most slow-cooking methods can be carried out with minimal ventilation and 
without causing condensation; putting a lid on a boiling pot reduces moisture release to 
atmosphere from 30mls/minute to 6mls/minute; steam from dishwashing is minimized by 
doing the dishes in a sink about half filled with water not too hot – say 550C. Rinsing under 
hot water wastes power and produces steam. Drying dishes by evaporation or with a towel 
that remains in the kitchen afterwards results in about 150 to 200mls of water added to the 
kitchen space; clean hot water left over from cooking and used in dishwashing needs to be 
cooled with a little cold water to avoid steam.  
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Remove standing water from benches, sills, spills 
etc and dispose down sink; dry damp tea-towels and 
dishcloths outside or in dryer 

The amount of moisture on surfaces varies widely according to cooking and cleaning methods 
and habits, typically in the range of 100mls to 500mls for a main meal 
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Machine wash in cold water spin-dry washing at the 
highest rpm available; minimize the use of steam 
ironing 

Cold washing saves the power needed to heat water, equivalent to running a space heater for 
about 2 hours. No measure was made of the difference in water content of a load of washing 
at different spin-dry speeds, but from a comparison of the machine literature and moisture 
content of a load spun at 1000 rpm, (see Table 6), it is estimated that a load spun dry at 
750rpm would contain 1.95l of moisture, or half a litre more than a load spun at 1000rpm. 

1+4 

Dry large and heavily moisture-laden articles on the 
clothesline; use condenser type dryer, or check that 
external vent to conventional dryer is working well;  

In some conditions wind pressure can reverse-ventilate a dryer that is connected to the 
outside by a vent tube. Condenser dryers are more expensive than conventional dryers but 
provide a very significant safeguard against moisture build-up in the house.  L
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Put away dry clean laundry soon after laundering; if 
steam ironing, do the ironing in a well-ventilated 
part of the house; air dry hand washed garments or 
bedding outside, not inside 

Dried clothes rapidly absorb atmospheric moisture (see Table 6) up to a maximum of about 
their own bone-dry weight if made of an absorbent material such as cotton. 
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Ventilate wardrobes and cupboards, egg holes top 
and base, remove doors, etc; when external 
conditions are right (egg. a sunny dry day and/or 
there is a breeze), open the whole house for 
ventilation; 
If much moisture is visible in the house in the form 
of fogged windows etc, immediately ventilate by 
opening windows and doors (including at night) 

Estimates based on absorption rates in dry laundered fabrics suggest that 70Kg of “dry” 
clothes in a standard unventilated wardrobe would contain over 2.3 litres of water; the 
author’s estimate of moisture potentially contained in the entire house within fabrics, clothes, 
linings, furniture, carpets and rugs, books and papers, bedding, curtaining etc is in the range 
of 300 to 500 litres of water. 
Cross-ventilation is efficient, takes the least time, but also loses most heat in a short time. 
With light-weight construction however, this is the best strategy since heat up time is also 
relatively short.  
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Except when deliberately ventilating, keep internal 
doors closed to contain moisture and retain heat; 
wear more clothes and warm footwear indoors in 
cold weather, gather people in one or two rooms to 
benefit from localized space heating; trade off less 
use of hot water for added space heating; avoid 
sitting close to windows and cold external wall 
surfaces 
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