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Abstract 

Air change rates are difficult to measure in naturally ventilated buildings. There is incentive to develop alternative techniques to measure air 

change rates. Using a moisture metric is a possibility, but this is challenging as it requires the ability to quantify processes that affect the moisture 

balance in a room. This paper consolidates literature about how the moisture balance can be understood in field studies in terms of moisture 

generation, moisture buffering, and ventilation. Moisture generation rates have been reported in literature with some disparity. Moisture buffering 

is difficult to account for due to the complexity of the process in real buildings. Ventilation can be measured using tracer gas techniques, but 

these often provide a ‘snapshot’ of the air change rate which varies both spatially and temporally in buildings. However, a promising approach 

has been identified whereby moisture and ventilation conditions are examined over a longer period of time i.e. weeks. 
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1. Introduction/Background

Ventilation is essential for indoor air quality and building fabric health. There are established tracer gas techniques to measure

air change rates, but most of these methods provide a ‘snapshot’ of the air change rate over a short period of time. As air change 

rates can differ both spatially and temporally in buildings, capturing this dynamically changing variable is challenging. In addition, 

tracer gas techniques can be intrusive for occupants and expensive [1]. Therefore, there is incentive to develop cheaper, more 

invasive techniques to measure air change rates. Hygrothermal sensors are relatively cheap but using moisture (e.g. vapour 

pressure excess) as a metric for air change rates is challenging as it requires the ability to attribute moisture changes in a room to 

specific processes. Based on mass balance principles, it is theoretically possible to calculate the effect of one unknown process if 

all other processes are known. The aim of this paper is therefore to consolidate literature about how the moisture balance in a room 

can be understood in field studies and to discuss the implications of this for the development of a moisture-ventilation metric. 

2. Moisture Balance

The moisture balance in a room is affected by several processes including internal moisture generation, ventilation, moisture

buffering by materials, diffusion and condensation/evaporation. Under typical conditions, condensation is not a common 

occurrence in dwellings, and the impact of diffusion is considered insignificant enough that it can be ignored [2]. The remaining 

processes are discussed in the following sections.  

2.1. Moisture Generation 

Moisture is released indoors from people, pets, plants and occupant activities (e.g. cooking, showering). There have been many 

reports documenting moisture generation rates from different activities (e.g. [3], [4]), but rates for these activities can vary between 

studies because of differences in methods and conditions. Unfortunately, there can be difficulty in converting rates into a common 

unit as there is often a lack of contextual information. For example, [4] report a “typical” moisture generation rate of 1,500 grams 

per day from drying clothes indoors, whereas [5] report a family of four produces 11.97 litres (~2,993 grams per person) of 

moisture from unvented clothes drying. Nonetheless, studies that have compiled moisture generation rates from different sources 

often show some agreement. In addition, there is an increasing amount of literature that has highlighted cultural differences in 

moisture generating activities (e.g. [6]) which may be important to consider in culturally diverse societies. With moisture 

generation rates for different activities in mind, surveys can be used to collect information about occupant activities allowing for 

a prediction of moisture generation per household [7]. 
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2.2. Moisture Buffering 

 Moisture buffering is the ability of materials in an indoor environment to moderate the indoor humidity level through 

adsorption and desorption processes. Several experimental methods have been proposed to characterise this based on the step 

response of a material to changes in relative humidity, e.g. Moisture Buffer Value [8]. However, as [9] comments, it is unclear 

how this could be applied to examine moisture buffering in real buildings which experience far more variable environmental 

conditions. In addition, real buildings have added complexities such as surface finishes (e.g. paints) which can reduce the moisture 

buffering performance of materials [10]. This means that without extensive hygrothermal modelling and testing, which is not 

viable in most field studies, there is difficulty inferring the impact of moisture buffering on changes to the moisture balance in a 

room. 

2.3. Ventilation 

The air change rate refers to the volume of air that has been exchanged between the indoors and outdoors. This rate is commonly 

described by the “air change per hour” parameter, which is the volume of air exchanged in one hour divided by the volume of a 

space. In naturally ventilated buildings, this is difficult to measure as air change rates vary both spatially and temporally [11]. 

Tracer gas techniques provide a ‘snapshot’ of the air change rate for a particular configuration (e.g. window position), particular 

weather conditions and a limited duration (up to hours). This means that capturing the dynamically changing air change rate in 

naturally ventilated buildings is not viable in most field studies. The exception to this is using the perfluorocarbon tracer technique, 

which allows the measurement of the average air change rate over longer time periods [12]. 

3. Discussion and Conclusion 

Developing a method to use moisture as a metric for ventilation rates requires understanding how the moisture balance in a 

room changes due to the impact of internal moisture generation, moisture buffering and ventilation. Literature exists documenting 

moisture generation rates from occupants and activities. Along with a survey collecting occupant activity information, it is possible 

to estimate moisture generation rates per household [7]. On the other hand, moisture buffering is difficult to account for in field 

studies where hygroscopic materials are present. Air change rates can be measured on a timescale of hours using tracer gas 

techniques, but this can be expensive, intrusive, and highly complex if airflow between rooms needs to be considered. 

However, it has been suggested that the impact of moisture buffering is reduced over longer timescales e.g. weeks [13]. If 

moisture conditions are assessed on this timescale, there are approaches to measure the average air change rate for the same period. 

One option is to calculate the air change rate from flow rates in mechanically ventilated dwellings. If the dwelling is airtight, then 

mechanical ventilation will be the prevailing contributor to air exchange instead of infiltration. A second approach is to measure 

the average air change rate using the perfluorocarbon tracer technique which captures the effect of both purpose-provided 

ventilation and infiltration. This approach looks promising as it has been used by [7] to examine the relationship between vapour 

pressure excess and the air change rate. However, there is a debate as to whether the average air change rate over a long period 

(e.g. weeks) is a useful metric for indoor air quality. 
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