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01  
INTRODUCTION

02  
CATEGORISING  
DEFINITIONS OF 
OVERHEATING

The purpose of this Evidence Review is to set out the different ways the term ‘over-
heating’ is understood. We summarise:

 O existing technical overheating thresholds for thermal comfort, health and wellbeing, 
productivity and infrastructure resilience;

 O assess the level of evidence on which each threshold is based; and 

 O comment on their practical implementation to date. 

Similar to other reviews in the Zero Carbon Hub’s series, our focus is on the residential 
sector, including care homes and student accommodation. This Review links closely to 
the Assessing Overheating Risk Evidence Review as the outputs from models, i.e. the 
assessment of whether overheating may occur in a property is partially determined by 
the definition or criteria being used. There will naturally be overlap with other reviews too.

This Review summarises current UK, EU and US thermal comfort standards, current 
research and public health advice, and also complements and further builds on the 
London Climate Change Partnership’s Heat Thresholds Project publication (LCCP 2012). 

Key Points
 O A key issue highlighted in this Review is that evidence-based ‘overheating’ thresh-
olds related to different sectors have been developed on the basis of different 
environmental variables, quite often by researchers from different disciplines. As a 
result, they are commonly expressed in different metrics and are therefore not 
directly comparable with each other. 

 O Indoor health-related thresholds are less well defined in comparison to thermal 
comfort-based thresholds, despite the well-characterised epidemiological relation-
ships between outdoor ambient temperature and heat-related morbidity and 
mortality. This is partly due to the methodological complexity of linking indoor envi-
ronments with health outcomes. 

 O Future research should aim to establish an integrated approach towards defining 
overheating thresholds that cuts across comfort, wellbeing and health impacts. 

Overheating can be assessed with respect to:

 O Thermal comfort; 

 O Health; or

 O Productivity.

Of the three forms of definition, the most commonly applied in the design of buildings 
is thermal comfort. Thermal comfort itself has been defined in a number of ways. The 
International Organization for Standardization (ISO) Standard 7730:2005 defines 
thermal comfort as ‘that condition of mind that expresses satisfaction with the thermal 
environment’ (ISO 2005).

While this qualitative definition of comfort reflects more than ('dry bulb air') temperature 
alone, design criteria for avoiding overheating tend to focus on the assessment of 
temperature profiles under typical outdoor temperature conditions, and specifically the 
frequency, duration and magnitude of temperatures above specified thresholds.

Box 1.   Dry Bulb Temperature (DBT)

The Dry Bulb Temperature (DBT) is the temperature of air measured by a ther-
mometer freely exposed to the air but shielded from radiation and moisture. DBT 
is the temperature usually thought of as air temperature.

Environmental factors affecting a person's thermal comfort include air temperature, 
radiant temperature, air speed and humidity. Personal factors include age, gender, state 
of health, clothing, and activity levels (Fanger 1970). Due to these multiple influences, 
any definition of overheating in terms of thermal comfort needs to make reference to 
the circumstances and target groups to which that definition is applied. For example, 
an environment which is comfortable for someone who is physically inactive may be 
too hot for someone engaged in sustained physical activity. Typically, the assumption is 
made that the thermal conditions inside the home should be appropriate for a seden-
tary adult occupant wearing relatively light clothing. Section 4 sets out the guidance 
and criteria for assessing thermal comfort in more detail.

For the purposes of the 

Tackling Overheating in 

Homes project, the Zero 

Carbon Hub adopted the 

following working definition 

to cover all three categories 

of definition:

‘The phenomenon of a 

person experiencing 

excessive or prolonged high 

temperatures within their 

home, resulting from internal 

and/or external heat gains, 

and which leads to adverse 

effects on their comfort, 

health or productivity.’



This Evidence Review  

forms part of a wider 

evidence gathering exercise 

being conducted by the  

Zero Carbon Hub for our 

Tackling Overheating in 

Homes project. It provides 

a summary of relevant 

evidence and concepts 

relevant to the theme: 

defining overheating.
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Health effects 

In more extreme situations, 'excess' heat exposure can impact on health and even lead 
to fatalities. 

Excess heat-related mortality is broadly defined as the short-term rise in mortality 
above the mean baseline for that region and period of the year (Basu 2002). Heat-re-
lated morbidity includes a continuum of illnesses resulting from the body's inability to 
cope with excess heat exposure. Heat vulnerable groups include the elderly (above 65 
years old), the very young, the chronically ill (e.g. people suffering from cardiovascular 
or respiratory diseases, or mental illness) and socially deprived population groups 
(Kovats & Hajat 2008a).

Whilst the present-day incidence of cold-related deaths is markedly higher than that of 
heat-related deaths by almost an order of magnitude (DCLG 2012b), heat-related 
deaths are expected to rise as a result of climate change induced increases in the 
frequency and severity of heatwave events and higher average temperatures. See the 
Impacts of Overheating Evidence Review for more discussion on this subject. 

Definitions of what constitutes a heatwave tend to vary. The World Health Organization 
(WHO) definition defines a heatwave as ‘when the daily maximum temperature of more 
than five consecutive days exceeds the average maximum temperature by 5°C, the 
normal period being 1961-1990’.

In the UK, according to the Met Office (2014), the term heatwave usually refers to a 
period of prolonged hot weather, often combined with high levels of humidity. The 
Heatwave Plan for England 2014 recommends that heatwave action should be taken 
when:

 O Trigger temperatures are reached on one day and the following night in one or 
more Met Office National Severe Weather Warning Service (NSWWS) regions; and 

 O It is very likely (90% confidence) that temperatures on the next day will lie above the 
daytime threshold. 

The heatwave thresholds vary by region . The average threshold temperature is 30°C 
in the daytime and 15°C overnight. Section 5 sets out health and wellbeing thresholds.

Productivity levels

High temperatures can also have adverse effects on sleep. Although there is no well 
established definition of sleep quality (Krystal & Edinger 2008), the term usually refers 
to total sleep time, sleep onset latency (the time taken to fall asleep), and sleep effi-
ciency (the proportion of time spent sleeping during the sleep period). Sleep disruption 
may refer to the occurrence of sleep disruptive events, for instance apnoea and spon-
taneous arousals.

An adverse effect of heat stress and compromised sleep quality is the reduction in 
work productivity levels. 

Box 2.   Work capacity

The 'work capacity' for a given combination of direct heat exposure levels and 
work intensity levels expresses the percentage of a working hour a worker can 
perform their intended tasks after subtracting the time needed to rest so as to 
maintain a core body temperature below 38°C (Kjellstrom 2000; Kjellstrom et al. 
2009; Holmér 2010). 

A newer issue is that there is an increasing number of professionals who tend to work 
from home, and a significant proportion of individuals who work in domestic settings, 
e.g. those supporting vulnerable people in the community or home care services. 
Taking this into consideration, direct heat exposure during the daytime is increasingly 
likely to have an impact on work capacity for certain segments of the population. 
Section 6 provides more detail on productivity-related thresholds.

A death is characterised as 

heat-related if individual 

excess heat exposure either 

caused or contributed to it 

(Kovats & Hajat 2008a), 

although in practice it is 

challenging to record which 

are heat-related.
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An investigation into the home environments of persons aged 65 and over who died 
between 8 August and 13 August 2003 in selected communities in four different areas 
severely affected by the heatwave, indicated that:

 O Individuals in top floor flats were 2.33 times (95% C.I. 1.33–4.09) as likely to die of 
heat compared to people living in other types of buildings; and

 O The risk of heat-related death was 2.16 (95% C.I. 1.26–3.69) higher for people 
sleeping in a bedroom directly under the roof.

Unfortunately, the lack of indoor temperature monitoring in these studies does not 
allow us to directly link indoor temperature with health effects. There are a number of 
challenges in collecting high resolution indoor temperature data, such as: capturing a 
statistically representative housing sample, monitoring occupant behaviour (use of 
windows and shading) etc. 

Currently, the interrelationship between indoor temperature and health impacts can be 
explored further only through the use of building simulation. For example, a dynamic 
thermal modelling study of a theoretical London housing stock (Oikonomou et al. 2012) 
using two different weather files (one in the centre and one in the outskirts of London) 
found significant differences in indoor air temperature, and hence occupant heat expo-
sure, between various dwelling types located in the same site (Figure 1). Higher indoor 
temperatures were also observed in the top floor flats of this notional stock, in agreement 
with the 2003 epidemiological studies (Semenza et al. 1996; Vandentorren et al. 2006).

The temperature profile of a 

particular indoor space will 

be a function of site 

microclimatic conditions 

(including potential urban 

heat island effects) and the 

building characteristics. 



Figure 1.   Mean indoor 
temperatures in naturally 
ventilated London 
dwellings by dwelling type 
and location, with and 
without overshadowing in 
central London. With night 
ventilation. Temperatures are 
averaged results across the 
four dwelling orientations 
during the five-day period 
with the highest moving 
mean outdoor temperatures 
in the 2050s Medium-High 
emissions scenario weather 
file used in the study. The 
dashed line signifies the 
summer upper thermal 
comfort threshold for living 
rooms according to CIBSE 
Guide A, Source: Oikonomou 
et al. (2012)

03  
BUILDINGS AS MODIFIERS 
OF EXPOSURE TO THE 
EXTERNAL CLIMATE

It has been estimated that individuals in the UK, a heating-dominated country, spend 
more than 90% of their time in indoor spaces (Schweizer et al. 2007). Another study of 
the lifestyle patterns of the adult urban population (19-60 years old) in Oxford found that 
people spend on average 66% of their time at home, with this percentage rising to 89% 
for individuals not in employment (Lader et al. 2006). It is also likely that heat vulnerable 
groups, such as young children, the elderly, and individuals of low mobility and/or poor 
health may spend an even larger proportion of their time at home.

The fact that people in the UK spend a large proportion of their time indoors is of 
considerable importance because the building envelope acts as a modifier of human 
exposure to the external climate, and associated health impacts. This ability of the 
building to modify temperatures means that the relationship between outdoor temper-
ature and mortality, for example, cannot be simply extrapolated to indoor temperature. 

Researchers expect that, for a given external ambient temperature recorded at a single 
weather station, there will be a wide distribution of internal temperatures across the 
entire building stock, with internal temperatures potentially both lower and higher than 
the external. 

The people inhabiting these indoor spaces are also likely to demonstrate a wide distri-
bution of individual heat vulnerability, with certain groups being disproportionately 
affected by excess temperature exposure. These three elements - location, building 
and occupant vulnerability - have been identified as ‘triple jeopardy’ factors (MoL 2011).

Depending on its characteristics, a building could offer refuge from outdoor heat or 
exacerbate occupant excess heat exposure. For example, an analysis of data from the 
Chicago 1995 heatwave found that healthy individuals in unventilated indoor spaces 
were 3.8 times more likely to experience heat-related adverse health impacts compared 
to people outdoors (Chan et al. 2001). 

A further example demonstrating the importance of a building’s characteristics as a 
modifier of internal temperatures is provided by (Vandentorren et al. 2006). The team 
conducted a detailed case-control study on the impacts of housing characteristics on 
heat-related mortality during the 2003 heatwave in France and found large variations 
in risk across different building types. 
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behaviour in response to environmental changes (Nicol & Humphreys 2002). The field 
studies were undertaken in the natural environment of the participants and recorded 
information over extended periods. The mean air or operative temperatures were 
measured, and their neutral (or comfort) temperatures were calculated. In many of the 
studies, the level of activity and clothing were also recorded. In all studies the two 
temperatures were consistently highly correlated and ranged between about 12°C and 
35°C depending on the climate.

Box 3.   The Running Mean

A key measure of the adaptive model is the exponentially weighted ‘running 
mean’ of the daily mean outdoor temperature, Trm, or ‘running mean’ for short. 

The running mean takes into consideration the fact that days in the more remote 
past will have less effect on occupant comfort than more recent days. This is 
reflected by attaching decreasing weight in the mean daily outdoor tempera-
tures furthest from the day under consideration. 

Although adaptive models provide some options for adjustments of the comfort ‘limits’ 
based on different air speeds, they do not take into consideration humidity levels, or 
the different preferences of occupants who cannot change their circumstances, adapt 
their clothing and do not have direct access to operable windows (e.g. the case with 
open plan office spaces, or when there are security concerns or noise issues). 

Also important is the fact that an increasing number of buildings, including a number of 
new houses use Mechanical Ventilation with Heat Recovery (MVHR) systems and 
employ various combinations of natural and mechanical ventilation to condition their 
spaces. This makes the use of the adaptive model less straightforward.

Most UK and international standards have now adopted the adaptive thermal comfort 
model for the calculation of thermal comfort limits of free running buildings. 

Design standards of thermal comfort in free running buildings

In this section, we describe recent sets of guidance on indoor thermal environments. 
Two based on absolute temperature thresholds:

 O CIBSE Guide A (2006): Environmental design; and 

 O Standard Assessment Procedure, SAP: Appendix P, 2012 edition.

Three are based on the adaptive thermal comfort approach:

 O BS EN 15251:2007;

 O CIBSE TM52; and 

 O ANSI/ASHRAE Standard 55-2013.

CIBSE Guide A (2006): Environmental design (now superseded by TM52)

The 2006 edition of the Chartered Institution of Building Services Engineers (CIBSE) 
Guide A, Chapter 1 (CIBSE 2006) defined overheating in terms of specific absolute 
design operative temperatures. 

04  
THERMAL COMFORT 
THRESHOLDS FOR FREE 
RUNNING BUILDINGS

Most published guidance on thermal comfort uses either:

 O Simple internal/external air temperature (technically dry bulb temperature); or 

 O One of two different methods of defining thermal comfort – the use of deterministic 
models or adaptive models.

Deterministic thermal comfort models are based on data from controlled climate 
chamber studies under steady state conditions. Their most recognised form is the 
Predicted Mean Vote (PMV), developed by Danish researcher Povl Ole Fanger (1970). 
This represents the expressed thermal comfort for particular combinations of air 
temperature, mean radiant temperature, relative humidity, air speed, metabolic rate, 
and clothing insulation. 

This method has been used as the basis for the description of thermal comfort in a 
number of Standards related to mechanically heated/cooled spaces.1 This Review 
focuses on the standards that apply to ‘free running’ buildings - i.e. buildings that are 
naturally ventilated and do not use mechanical cooling. We assume that most existing 
homes will still, at present, depend on natural ventilation for their summer cooling.

In contrast, adaptive thermal comfort models are based on the principle that an individ-
ual’s thermal expectations and preferences are determined by their experience of 
recent (outdoor) temperatures and a range of contextual factors, such as their access 
to environmental controls. In short, a person’s comfort ‘threshold’ or limit is affected by, 
for example, how well they adapt to recent outdoor temperatures and how easily they 
can adapt their own living environment.

Adaptive thermal comfort models are informed by a series of field studies2 which 
observed occupant behaviour and how individuals tend to adapt their environment and 

1. Including the British Standard European Norm (BS EN) Standard 15251:2007, International 

Organisation of Standardisation (ISO) 7730:2005 and the American National Standards Institute 

(ANSI), American Society of Heating, Refrigerating and Air-conditioning Engineers (ASHRAE) 

Standard 55-2013 (ASHRAE 2013).

2. Many different field studies were undertaken between 1936 – 1976 consisting of 200,000 observations 

made in offices, schools, homes, hospitals, boats, in a variety of climates and are described in 

Humphreys (1976a; 1976b). More recently, an additional study using a similar number of more recent 

data has shown very similar results (Humphreys et al. 2013).
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This effect is likely to be most pronounced in locations with strong heat island effects, 
such as core urban areas, which experience significantly higher night time tempera-
tures compared to their rural surroundings (Sailor 2014, Hajat et al. 2007, Milojevic et al. 
2011, GLA 2006, Hajat & Kosatky 2010). 

Due to the changes in the thermoregulatory ability of the human body during sleep,1 
thresholds for sleep discomfort or disruption are deemed to be lower than the corre-
sponding daytime comfort thresholds. CIBSE Guide A, for example, suggests that sleep 
quality may be compromised when the indoor operative temperature lies above 24°C 
- which is 2°C and 4°C lower than the general overheating threshold for bedrooms and 
living rooms, respectively (CIBSE 2006). 

The threshold of 24°C was, however, based on a study from the 1970s of a very small 
sample of twenty one adults (11 women and 10 men), fairly homogeneous from a socio-
economic point of view, in which bedroom temperature monitoring was combined with 
an occupant questionnaire survey including information about bed clothing, sleep 
quality and thermal discomfort (Humphreys 1979). Furthermore, the study was based on 
traditional English bedding, i.e. blankets and eiderdowns, which are no longer in 
common use. The minority of respondents who used continental duvets were specifi-
cally excluded, whereas this form of bedding is now the norm in the UK.

Absolute thresholds, such as those provided in CIBSE Guide A, although simple to use 
with most simulation tools and relatively simple to communicate and address within the 
design team, do not take into consideration the fact that occupant comfort tempera-
tures in free running buildings vary with outdoor temperature. Occupants tend to adapt 
to higher temperatures experienced over an extended period. 

Furthermore, a single temperature threshold is sensitive to the method of estimating 
temperatures used in different simulation tools and the way they are used. For example, 
different assumptions about the number of hours a building is occupied, and when, 
could have a substantial bearing on the assessment of overheating and the effective-
ness of natural ventilation. This is particularly problematic in the design of homes that 
do not have a standard occupancy pattern, in a way that offices have, for example.

Standard Assessment Procedure (SAP): Appendix P (2012 edition)

The Standard Assessment Procedure (SAP) (BRE 2012) is the Government’s procedure 
for rating the energy performance of homes. 

Designers and developers in the UK need to show compliance with SAP for each of the 
domestic units they are designing. SAP is not a design tool, but rather a compliance 
tool and is designed to produce an energy rating for the unit under consideration. As 
such, the treatment of its thermal performance is under steady state conditions. 

For the assessment of overheating, SAP (Appendix P) offers such a steady state calcu-
lation method that takes into consideration heat gains and fabric characteristics of the 
building to calculate monthly mean summer internal air temperatures that are then 
compared to a threshold temperature in Table 3 (over the page).

1. See Okamoto-Mizuno & Tsuzuki (2010), Parmegianni & Velluti (2005); and Parmeggiani (2003).

Many studies have 

highlighted the significance 

of diurnal temperature 

difference on comfort 

(Gosling et al. 2008, Guo et 

al. 2011). 

A single temperature 

threshold does not provide a 

measure of the severity of 

overheating. This means that 

it would not distinguish 

between a building that 

exceeds a threshold by 1°C 

and a building that exceeds 

the threshold by 4°C for the 

same amount of time. 





Specifically, for free running buildings in the UK climate, the comfort temperatures in 
Table 1 are:

Table 1.   Comfort temperatures based on building type, recreated from CIBSE Guide 
A Environmental design (2006) (with permission)

Building type Acceptable summer comfort 
temperature (°C)

Offices 25°C

Schools 25°C

Homes - living areas 25°C

Homes - bedrooms 23°C

CIBSE ‘Guide A’ (2006) also suggested 28°C as the maximum threshold above which 
the majority of people in a building will start feeling uncomfortable. 

Guide A then sets 'design' thresholds for the same building types and overheating 
criteria to be used (Table 2). These had been published previously in CIBSE TM36, 
Climate change and the indoor environment: Impacts and adaptation (CIBSE 2005). 

Specifically, the design criteria are based on ‘hourly exceedance’, i.e. the number of 
hours a given temperature is exceeded for, and are used with the Design Summer 
Years (DSY) in simulation tools (see the Assessing Overheating Risk Evidence Review 
for a more detailed description).

Table 2.   Peak temperatures and overheating criteria for the design of buildings, 
recreated from CIBSE Guide A Environmental design (2006) (with permission)

Building type Peak temperature (°C) Overheating criterion

Offices 28°C 1% annual occupied hours 
over peak temperature

Schools 28°C 1% annual occupied hours 
over peak temperature

Homes - living areas 28°C 1% annual occupied hours 
over peak temperature

Homes - bedrooms 26°C 1% annual occupied hours 
over peak temperature

Night time temperatures in particular are critical, as they may offer relief or cause 
continuing thermal discomfort for individuals who have been exposed to excess heat 
throughout the day (Koppe et al. 2004, Luber & McGeehin 2008, Lindley et al. 2011, 
WHO 2008, Hajat et al. 2006). 

Sleep quality has been found to reduce during the summer, an effect that is commonly 
attributed to high night time temperatures (Okamoto-Mizuno & Tsuzuki 2010). This is 
very likely to be the case during prolonged heat episodes characterised by consecu-
tive hot days and warmer than average nights that inhibit the recovery from daytime 
heat (Fischer & Schär 2010) as, for example, during the 2003 heatwave (Black et al. 
2004; Beniston & Diaz 2004; Poumadère et al. 2005). 
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Table 4.   Description of building types recreated from BS EN 15251:2007 (with kind 
permission from the British Standards Institute)

Category Explanation Suggested 
acceptable range (K)

I High level of expectation only used for 
spaces occupied by very sensitive and 
fragile persons

± 2K

II Normal expectation (for new buildings and 
renovations)

± 3K

III A moderate expectation (used for existing 
buildings)

± 4K

IV Values outside the criteria for the above 
categories (only acceptable for a limited 
periods)

>4K

 

The Standard states that ‘these comfort temperatures are valid for office buildings, and 
other buildings of similar type, and dwellings, used for human occupancy with seden-
tary activities, and with easy access to operable windows and occupants that could 
freely adapt their clothing to the indoor/outdoor thermal conditions’. It suggests that 
the criteria for free running buildings could also be used for spaces that are mechani-
cally ventilated but with unconditioned air, and for spaces that use other cooling means 
such as fans, shutters, and night time ventilation.

Table 3.   Levels of threshold temperature corresponding to likelihood of high internal 
temperature during hot weather, recreated from SAP 2012 (Appendix P)1

Threshold temperatures (°C) 1 Likelihood of high internal 
temperatures during hot weather

< 20.5°C Not significant

≥ 20.5°C and < 22.0°C Slight

≥ 22.0°C and < 23.5°C Medium

≥ 23.5°C High

Appendix P of SAP provides a simplified check of whether the home will have an over-
heating problem. Following Table 3, if the calculation shows monthly mean internal 
temperatures lower than 20.5°C the risk of the home overheating is predicted to be ‘not 
significant’. If the calculation estimates internal temperatures between 20.5°C and 22°C, 
then there is predicted to be a ‘slight risk’ of overheating, etc. 

The SAP methodology does not predict the severity of the overheating risk and the 
effectiveness of remedial solutions. The thermal performance of a building is a dynamic 
function of multiple variables and changes during the day. The use of a steady state 
approach that is using monthly average temperatures can mask severe hot events, 
their intensity and duration. The impact of the urban heat island effect and future 
changes in climate are also not included, due to the use of monthly mean regional 
temperatures. 

BS EN 15251:2007: Indoor environmental input parameters for design 
and assessment of energy performance of buildings addressing 
indoor air quality, thermal environment, lighting and acoustics

The British Standard European Norm (BS EN) 15251:2007 Standard (BSI 2007) intro-
duces the concept of ‘acceptable’ indoor comfort temperatures for four categories of 
buildings, described in Table 4 (over the page). The classifications relate to the ability of 
the occupants to modify their environments. Figure 2 then shows the acceptable 
summer indoor temperatures for these categories of free running buildings. 

This Standard has been developed from the adaptive thermal comfort approach 
(described above), based on field studies as part of the Smart Controls and Thermal 
Comfort (SCATs) project undertaken in five EU countries and in a total of 25 office build-
ings (McCartney & Nicol 2002). A total of 27,000 responses to questionnaires, 
completed during extended periods, were collected on the participants’ comfort, 
clothing, activity and controls in order to develop the adaptive control algorithm to be 
used in the design of free running buildings throughout Europe.

1. These temperatures are indicative of the house as a whole. Appendix P treats the whole house as a 

single zone. The split between zones is only used for the main SAP heating calculation.

The comfort temperatures in 

existing standards are 

primarily based on studies in 

office buildings. There is 

limited evidence on occupant 

comfort at home and almost 

no evidence on their comfort 

preferences during sleep.



Figure 2.   Indoor comfort 
temperatures for free running 
buildings as a function of 
the running mean outdoor 
temperature, for the three 
building types. Used with 
kind permission from the 
British Standards Institute.
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Although two ranges are presented, 90% and 80% acceptability, the Standard states 
that acceptable indoor temperatures should be calculated using the 80% acceptability 
limits, while the 90% acceptability limits are to be used when a higher standard of 
thermal comfort is required.

The Standard sets a range of no less that 10°C and no greater than 33.5°C for the 
prevailing mean outdoor air temperature where this method should be applied. The 
comfort temperatures can be taken as constant if the running mean temperature is 
outside those limits (McCartney & Nicol 2002).

Other industry standards

Other industry standards used in the UK include the Building Research Establishment 
Environmental Assessment Methodology (BREEAM) Code for Sustainable Homes 
(BREEAM 2014), and Passivhaus (Passivhaus 2014). 

The BREEAM Code, although it includes a chapter on health and wellbeing, does not 
refer to the summer thermal performance of homes. This is not surprising as it goes 
hand-in-hand with SAP and draws on the SAP analysis to inform the energy credits. 
Because of the air-tight nature of the Passivhaus homes, overheating is identified as a 
risk and the Standard introduces the threshold of 25°C which should not occur in a 
building for more than 10% of the occupied year.1 The Standard also recommends that 
the frequency of overheating does not exceed 5% in order to guarantee high summer 
comfort. 

1. For a Passivhaus dwelling the occupied year is considered to be 365 days.

Based on the fact that human physiology stays the same at work and at home, it seems 
reasonable to assume that the adaptive model, based on evidence from non-domestic 
settings, also broadly applies in residential buildings. The ability to adapt the surrounding 
environment and clothing is more flexible at home than in the office and so could allow 
for a wider range of comfort temperatures bands (although this assumption might not 
apply to occupants that are vulnerable to heat). Further research is needed to investi-
gate the relevance of the adaptive thermal algorithm to the domestic sector and how it 
can be adapted for use in the design of homes. Researchers will also need to investi-
gate how the adaptive thermal algorithm could be applied to buildings that house 
vulnerable occupants with varied heath conditions, such as hospitals and care homes.

CIBSE TM52: Criteria for defining overheating in free running buildings

The three new CIBSE criteria in Technical Memorandum (TM) 52 (CIBSE 2013) are 
defined based on the BS EN 15251:2007. Together, they provide a more in-depth 
method for the assessment of overheating risk in UK and European buildings. A room 
or a building that fails any two of the three criteria is described as being likely to over-
heat. Full details of these criteria are set out in Annex 1 of this report.

Box 4.   Which building classification should be used?

CIBSE’s recommendation in TM52 is that new buildings, major refurbishments 
and adaptation strategies should conform to Category II (see Table 4 on page 13) 
of BS EN 15251:2007, which sets a maximum acceptable temperature of 3°C 
above the ‘comfort’ temperature for buildings in free running mode. 

For buildings occupied by sensitive and fragile persons, TM52 suggests the 
more demanding standard for Category I buildings may be appropriate. The 
approach presented in TM52 is recommended in the new edition of the CIBSE 
Guide A (CIBSE 2015).

 
ANSI/ASHRAE Standard 55-2013: Thermal environmental conditions for human 
occupancy

ASHRAE advice on the design of free running buildings is similar to the BS EN 15251:2007. 
The ANSI/ASHRAE Standard 55-2013 (ASHRAE 2013) uses BS EN 15251:2007 to relate 
indoor comfort temperatures in free running spaces to running mean outdoor tempera-
tures, measured for no less than seven and no more than thirty days prior to the day 
under consideration.

Figure 3.   Acceptable indoor 
temperatures for free running 
buildings. Used with kind 
permission from ASHRAE.
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Box 5.   Acclimatisation

Humans can adapt/acclimatise to a wide range of climatic conditions through 
biological, behavioural and socio-cultural processes. Some authors call this 
‘temperature training/fine-tuning’ (van Marken Lichtenbelt & Kingma 2013). 

Although the initial physiological acclimatisation to hot weather could potentially 
occur within a few days, complete acclimatisation of a population to a warmer 
climate may take several years (Kovats & Akhtar 2008). But beyond certain limits, 
the ability of the human body to maintain thermoregulation through physiological 
processes becomes increasingly difficult and eventually impossible with contin-
uing thermal exposure (Parsons 2003).

Impacts of high ambient temperature 
on morbidity and mortality

Epidemiological evidence on the relationship between high ambient temperatures and 
mortality/morbidity is largely based on time-series studies that examine the frequency 
of adverse health events occurring in defined geographical populations in relation to 
daily outdoor temperature usually recorded at one or more weather stations. 

Well-established U-shaped relationships exist for cold and heat-related mortality and 
morbidity (Basu 2002, Kovats & Hajat 2008a, Armstrong et al. 2011, Gasparrini et al. 
2012). Maximum daytime outdoor temperature is a strong predictor of mortality, and in 
general, relatively limited additional explanatory power is obtained by the addition of, 
for example, the daily minimum temperature in regression models (DCLG 2012b, Hajat 
et al. 2006).

Temperature-mortality curves have been characterised for a number of locations and 
populations worldwide (Armstrong et al. 2011, Baccini et al. 2008, Ishigami et al. 2008, 
Vandentorren et al. 2004, McMichael et al. 2008 and D’Ippoliti et al. 2010). Those 
developed for various regions in England and Wales are illustrated in Table 5 and 
Figure 4 below.

Lower heat-related mortality thresholds are observed as we move from south to north. 
For example, the corresponding mortality thresholds are 23.5°C for the South East and 
20.9°C for the North East. In addition, the shape of the curves indicates that mortality 
rates are higher towards the upper end of the observed temperature distributions. 

A similar relationship is observed between outdoor temperature and morbidity. Proxies 
for the latter include hospital admissions (Guirguis et al. 2014), ambulance calls or other 
forms of reported communication with health professionals (DCLG 2012b). It is worth 
noting, however, that these curves are truncated at the lower end and do not fully 
capture cold-related mortality effects.

Some of the adverse effects 

of high outdoor temperatures 

may arise as a result of 

increases in the atmospheric 

concentration of ozone, the 

levels of which tend to rise 

through photochemical 

processes during periods of 

warm sunny weather (DCLG 

2012b).

In London, mortality appears 

to rise when the maximum 

daily air temperature goes 

above 24.7°C, with 

approximately a 3.33% 

increase in mortality for 

every 1°C increase in external 

temperature (DCLG 2012b). 





05  
HEALTH AND 
WELLBEING 
THRESHOLDS

Physiological effects of heat exposure

The various sets of guidance described in the preceding section were largely based on 
definitions of thermal comfort. Equally important, but more difficult to practically define, 
are thresholds for health.

There are several mechanisms by which increased heat exposure can impair health. A 
healthy individual’s core body temperature is maintained within a safe range of around 
37°C as a result of homeostatic mechanisms that include the loss of heat from the skin 
through convection, conduction, radiation, and evaporative processes. Adverse effects 
on health can arise if the temperature of the brain and other vital organs rises or if the 
attempt to maintain normal body temperature leads to decompensation of the circula-
tory and other systems. 

The physiological responses to heat are continuous functions (DCLG 2012b) and there 
is a multi-stage transition from thermal discomfort to heat stress (D’Ambrosio Alfano et 
al. 2013). Moreover, a large burden of adverse heat-related effects on health may occur 
in the absence of clearly identifiable heat stress and affect a wide range of clinical 
conditions. Thus, heat-related illness consists of a spectrum that includes heat rash, 
heat oedema, heat cramps, heat syncope, heat exhaustion, heat stroke and even death 
(Kilbourne 1999; Bouchama & Knochel 2002). It is often identifiable epidemiologically 
through a statistical increase in the occurrence of multiple causes of morbidity and 
mortality (especially from cardiorespiratory illnesses) with increasing ambient tempera-
ture (Kovats & Hajat 2008a; Kilbourne 1999). See the Impacts of Overheating Evidence 
Review for further discussion.

The following sections set out a number of wellbeing and health-based thresholds 
found in the current literature and offer an overview of existing knowledge gaps and 
suggestions for further research.
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The epidemiological evidence presented above forms the basis of public health 
response systems. The Heatwave Plan for England (PHE & NHS 2014) is a document 
developed collaboratively between Public Health England (PHE), the National Health 
Service (NHS) England and the Local Government Association (LGA). It is supported by 
the Department of Health and the Met Office, who operate a Heat-Health Watch System 
(HHWS) for England. It consists of five levels of response on the basis of region-specific 
maximum daytime and minimum night time temperature thresholds, which are outlined 
in the Heatwave Plan for England 2014. The trigger levels and response levels are set 
out at Annex 2.

Importantly, however, heat-related deaths also occur outside heatwave events, i.e. 
when the external temperature lies below heat wave thresholds (Armstrong et al. 2011). 
The reason trigger temperatures are set at the level they are is to seek a balance 
between encouraging action and avoiding alert fatigue (alerts being raised multiple 
times throughout the season).

It is also worth noting that there is large variation of thermal discomfort and heat stress 
risk within population groups, and as a result it is expected that there will be different 
thresholds for different people based on their age, health and socioeconomic status 
(Hajat et al. 2010). Heat vulnerability is expected to be widely distributed across the 
population. 

A growing body of epidemiological literature has investigated the individual determi-
nants of heat vulnerability but a detailed review of such studies is beyond the scope of 
the present report. In brief, the very young and the elderly (above 65 years old), chron-
ically ill (in particular individuals suffering from cardiovascular, cerebrovascular, renal 
and respiratory diseases, as well as mental health disorders), low-mobility (e.g. confined 
to bed), socially isolated, socially deprived individuals and urban dwellers are likely to 
be affected the most during extreme heat episodes (Kovats & Hajat 2008b; Hajat et al. 
2007; Hajat & Kosatky 2010).

Despite the wealth of epidemiological studies that demonstrate a strong relationship 
between external ambient temperature and excess heat-related morbidity and mortality, 
and various theoretical frameworks aiming to define internal temperature thresholds for 
comfort, there are currently no established, universally accepted upper internal temper-
ature thresholds for health.

Table 5.   Summer daily maximum temperature and heat-related mortality thresholds 
across regions in England and Wales between 1993 and 2006 (recreated from 
Armstrong et al. 2011)

Region Mean (°C) (Min, max,°C) 93rd centile* 
(threshold,°C)

North East 18.4°C (8.8°C, 29.4°C) 20.9°C

North West 19.3°C (11.5°C, 32.0°C) 21.7°C

Yorkshire & 
Humberside

19.5°C (10.5°C, 30.3°C) 22.2°C

Wales 19.6°C (12.4°C, 31.6°C) 21.6°C

West Midlands 20.3°C (9.9°C, 33.8°C) 23.0°C

East Midlands 20.3°C (9.7°C, 32.3°C) 23.0°C

South West 20.1°C (12.3°C, 30.9°C) 22.3°C

South East 21.0°C (10.2°C, 34.0°C) 23.5°C

East 21.2°C (10.5°C, 34.5°C) 23.9°C

London 21.8°C (10.7°C, 37.3°C) 24.7°C

*93rd centile of year-round 2-day mean temperature distribution

Figure 4.   Temperature-
mortality associations in each 
region in England and Wales, 
Source: Armstrong et al. 
(2011), (RR: Relative Risk)
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Box 6.   Acclimatisation

The lack of a universally accepted upper internal temperature thresholds for 
health has been identified by many (Koppe et al. 2004, DCLG 2012b, DCLG 
2012a, LCCP 2012, Anderson et al. 2013, White-Newsome et al. 2012) and has 
been partly attributed to a number of factors:

 O Large scale, longitudinal indoor temperature measurements of high spatial 
and temporal resolution across representative UK dwelling types are gener-
ally sparse. In addition, there appears to be a lack of consistency as to how 
indoor overheating metrics are reported, thus not allowing the cross compar-
ison and meta-analysis of results of various studies.

 O There is a high level of complexity arising from the heterogeneity of indoor 
environments, both as regards to physical characteristics as well as in relation 
to the modifying effect of human behaviour and associated adaptive capacity 
actions aiming to reduce indoor overheating risk (Chan et al. 2001, Mavrogi-
anni et al. 2014).

 O Occupants will tend to have different degrees of vulnerability to heat 
depending on their age, health, social contacts etc., which makes it chal-
lenging to specify a single threshold.

 O The lack of a shared vocabulary between built environment and health 
researchers has resulted in monitoring studies of indoor thermal environ-
ments not being directly linked to health outcomes.

A recent review led by the UK’s Health Protection Agency (HPA), now Public Health 
England (PHE) (HPA 2011, Anderson et al. 2013) outlined the urgent need for collection 
of evidence in this area and suggested that the determination of such thresholds and 
the development of an appropriate indoor heat vulnerability index is a public health 
issue.

Only a small number of attempts have been made to date a) to specify upper indoor 
temperature thresholds for health and b) to develop indoor overheating risk indices. 
Some of the health-based indoor temperature thresholds found in the current literature 
are briefly summarised below:

 O According to WHO guidance, the air temperature below which heat-related health 
effects for sedentary people, such as the elderly, are minimised is 24°C (WHO 1987). 
It should be noted that this limit is slightly lower than the CIBSE Guide A static upper 
thermal comfort indoor operative temperature thresholds and potentially the comfort 
temperature thresholds that may be calculated using the CIBSE TM52 adaptive 
approach. In addition, it does not factor in individual behavioural responses and 
adaptive capacity that are likely to result in a wider range of temperatures that would 
be considered optimal for different people.

 O Although indoor temperature levels are not commonly included in the UK HHWS, 
the Heatwave Plan for England 2014 recommends that ‘cool areas’ (i.e. spaces with 
temperatures below 26°C) are provided in hospitals, care/nursing homes and resi-
dential environments occupied by vulnerable individuals. It is also suggested that 
the indoor temperature is monitored regularly in spaces occupied by vulnerable 
individuals during hot periods and, if needed, reduced through passive cooling 
measures (shading, switching off appliances, night ventilation, use of fans provided 
internal temperatures are beneath 35°C etc.). However, it does not specify what 
would constitute a dangerous threshold of indoor temperature.

Box 7.   Regulation

The UK Building Regulations and Housing Health and Safety Rating System 
(HHSRS) (Office of the Deputy Prime Minister 2004) do not currently incorporate 
any guidance on healthy indoor temperature ranges to be enforced at the design 
or retrofit stage of a building’s lifetime, although the HHSRS mentions that 
adverse health effects increase when (external) temperatures rise above 25°C.

As regards the development of an indoor heat vulnerability index, two distinct method-
ological approaches have been identified in the literature: a) the physiological evidence 
approach, and b) the epidemiological evidence approach. The fundamental differences 
of these two approaches have been discussed in detail elsewhere (DCLG 2012b). 
In brief: 

 O The physiological evidence approach is commonly based on the bottom-up study of 
the biological responses of healthy individuals to heat, often in laboratory condi-
tions. The observed relationships are subsequently extrapolated to larger 
populations; and

 O The epidemiological evidence approach which relies on macro-level analysis of 
events, such as summertime mortality, that allows the derivation of thresholds for 
adverse health effects at the aggregate population level.

An example of the former approach is the Heat-related health Effects Index (HEI), a 
physiologically-based modelling framework developed by Chan et al. (2001) following 
the 1995 Chicago heatwave. The index is able to calculate core body temperature and 
assess associated adverse health impacts during periods of heat stress based on infor-
mation about site-specific environmental conditions and behavioural responses.

An epidemiological evidence-based framework has been developed as part of the 
ongoing NERC-funded research project 'Air Pollution and Weather-related Health 
Impacts: Methodological Study based On spatio-temporally disaggregated Multi-pol-
lutant models for present day and futurE' (AWESOME) (LSHTM 2014). One of the project 
aims is to assess the modifying effect of housing characteristics on the variation of 
heat-related health impacts across the UK, in line with other simplified indoor tempera-
ture prediction modelling tools developed in the US (White-Newsome et al. 2012) and 
Canada (Smargiassi et al. 2008), which rely on the extraction of reduced data from 
Geographic Information Systems (GIS) databases.

In the long term, it is 

suggested that detailed 

housing surveys and high 

resolution indoor 

temperature measurements 

connected to health 

outcomes through time-

series or case-control data 

are conducted in order to 

determine how housing 

characteristics and resulting 

indoor temperatures affect 

heat-related health risk.
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The most commonly used occupational heat stress index is the Wet Bulb Globe 
Temperature (WBGT) (Kjellstrom et al. 2009).1 The WBGT was initially developed to 
control outbreaks of heat illness in US army training camps. It is an empirical index that 
quantifies the levels of physiological stress associated with prolonged heat exposure. 
It factors in the integrated effect of air temperature, radiant temperature, humidity and 
air speed on human thermal discomfort and potential heat stress. 

Resilience to heat depends on metabolic activity levels. The thresholds of WBGT above 
which preventive action should be sought to reduce heat exposure risks levels for 
working people are presented in ISO Standard 7243:1989 (ISO 1989) and, for Britain, in 
BS EN Standard 27243:199 4 (BSI 1994) for various levels of work intensity. 

Figure 5 illustrates the estimated work/rest regime ratios for different values of WBGT 
and work intensity levels for an acclimatised, healthy, physically fit, lightly clothed 
person with sufficient water intake, assuming no sensible air movement (Kjellstrom et 
al. 2009; Holmér 2010; ISO 1989). According to existing guidelines, work activity should 
not be continued without heat protective clothing if these thresholds are exceeded. 
Lower thresholds will apply for workers wearing heavier clothing. According to Kjell-
strom et al. (2009) the WBGT thresholds above which an average acclimatised worker 
wearing light clothing would not be able to continue working are:

With regard to cognitive performance, nevertheless, the ability of an individual to 
perform complex mental tasks has been found to drop within the range of 30–33°C 
WBGT (Hancock & Vasmatzidis 2003).

1. WBGT has a number of limitations, which have been addressed through the development of alternative 

heat stress risk indices often based on physiological models, such as, for example, the Universal Thermal 

Climate Index (UTCI), the Predicted Heat Strain Index (PHSI), the Required Sweat Rate Index (RSRI) and the 

Thermal Work Limit (TWL) (Kjellstrom et al. 2009). Their detailed presentation is, however, beyond the scope 

of the present report and, therefore, only WBGT thresholds are presented due to its wide implementation in 

the field of occupational health, e.g. studies that output WBGT from meteorological data to map regional 

work productivity loss risk worldwide (Lemke & Kjellstrom 2012; Kjellstrom, Lemke, et al. 2013).

 O 39°C (light work)

 O 37°C (medium work)

 O 36°C (intense work)

 O 34°C (very intense work)

06  
PRODUCTIVITY 
THRESHOLDS

Whilst a review of comfort and health-based thresholds for non-domestic buildings is 
beyond the scope of this paper, a summary of thresholds found in the literature related to 
the resilience of workplace environments related to housing is summarised in this section. 

People’s experiences of thermal conditions in residential and work settings are closely 
intertwined. It is likely, for example, that the cumulative effects of night time discomfort, 
sleep disruption and sleep deprivation, in combination with sustained heat exposure in 
the workplace during the day will have an impact on the ability of individuals to concen-
trate and perform both physical (Kerslake 1972, Bridger 2008) and mental (Ramsey 
1995) activities. 

It is likely that the percentage of people working from home may increase during 
prolonged heatwave periods following public health guidance to stay in the shade and 
out of the sun during the daytime. People may, as a result, choose to stay at home, thus 
blurring the divide between home and work environment. In this case, domestic indoor 
overheating risk is likely to impact upon work productivity levels. 

Adverse heat stress effects could range from a reduction in work productivity levels 
(Kjellstrom et al. 2009) to risks in health and safety (Ramsey & Burford 1983). Regarding 
health and safety, research indicates that the incidence of occupational injuries and 
accidents either in the workplace or at home is likely to increase as external tempera-
tures rise, however, further research is needed to identify clear thresholds for this effect 
(Ishigami et al. 2008).

Box 8.   Heat exposure and productivity loss

The majority of studies carried out to date that examine the relationship between 
direct heat exposure and work productivity loss focus on manual labour capacity 
in low- and middle-income, hot, tropical and sub-tropical countries due to the fact 
that working populations in these countries already experience thermal condi-
tions beyond the thresholds that human physiological mechanisms can cope 
with and are, thus, expected to be disproportionately affected by a warming 
climate (Kjellstrom et al. 2009; Kjellstrom, Sawada, et al. 2013). 

The relevant metrics and thresholds have, therefore, been primarily developed to 
assess the impact of exposure to outdoor, rather than indoor, environments and 
should, thus, be applied to residential settings with a certain degree of caution.

People may increasingly work 

from home in the future. 

According to recent estimates 

(ONS 2015) around 14% of 

people at work in the UK are 

home workers, a percentage 

that has been increasing at a 

2.8% rate since records began 

in 1998. 



Figure 5.   Approximate 
estimates of limiting 
WBGT thresholds for the 
percentage of a working 
hour needed for rest due to 
heat exposure for different 
activity levels for an average 
acclimatised worker wearing 
light clothing assuming 
no sensible air movement, 
Source: ISO Standard 
7243:1989 (ISO 1989),  
DCLG (2012b)
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Heat stress risk may be higher than indicated by the WBGT index inside buildings char-
acterised by low thermal mass or high radiant heat emitted by internal processes or 
equipment. Furthermore, the WBGT index should be adjusted to take into account 
work duration levels, the clothing levels (protective clothing, in particular), potential 
acclimatisation levels of a given population or the adaptive capacity and other personal 
behavioural factors that might affect an individual’s levels of heat stress (Budd 2008, 
Parsons 2006, Ashley et al. 2008). 

It is also recommended that individual differences, including the effects of ethnic origin, 
cultural differences and human behaviour are taken into account when translating the 
WBGT index into a health risk function for a given region (Parsons 2006).

Notably, in contrast with other indices that adopt a physiological perspective, the WBGT 
index was derived from empirical relationships in non-domestic environments, primarily 
industrial settings, where individuals are likely to have limited adaptive capacity. It is 
likely, therefore, that it overestimates work capacity loss occurring as a result of heat 
stress in home environments, where individuals may have access to a wider range of 
adaptive thermal comfort options (clothing adjustment, use of ventilation and shading, 
breaks, consumption of cold beverages, cold showers etc.). Further research is, there-
fore, needed before the WBGT index can be applied to estimate heat stress experienced 
by people working from home.

Box 9.   Threshold temperature guidelines for workplaces

A number of threshold temperature guidelines for workplaces are also provided 
in other industry health and safety best practice documents:

 O The Health and Safety Executive (HSE) publication 'Thermal Comfort in the 
Workplace, Guidance for employers' (HSE 1999) suggests that an acceptable 
thermal comfort zone in the UK lies between around 13°C and 30°C, with 
acceptable temperatures for more strenuous work activities concentrated 
towards the bottom end, and more sedentary activities towards the higher 
end of the range.

 O In CIBSE TM40 (CIBSE 2014), the threshold for maximum surface temperature, 
including heating radiators, is 43°C.

 O Also in CIBSE TM40, for extreme environments in the UK it is recommended 
that medical supervision of working people is provided for work in extreme 
environments with air temperatures up to 50°C (BSI 2001).

07  
INFRASTRUCTURE 
RESILIENCE 
THRESHOLDS

According to recent data from the English Housing Survey (EHS) Energy Follow-Up 
Survey (EFUS) (BRE 2013), the penetration of air conditioning is currently very low 
across the residential sector; less than 3% of English households were found to use a 
fixed or portable air conditioning unit during the summer. Nevertheless, the projected 
rises in summer air temperatures are likely to increase the demand for cooling (Day et 
al. 2009). A study of domestic air conditioning usage found, for example, that the indoor 
air temperature thresholds above which people tended to switch on their unit was 
24-25°C (Pathan et al. 2008). 

As electricity use increases to cover cooling needs, increased peak demand could put 
a strain on the grid. Blackout risk temperature thresholds are largely context-specific 
and given the lack of historical data, it is particularly challenging to provide an estimate 
of external air temperature thresholds above which the likelihood of power outages 
may increase in the UK. It has, however, been suggested that for air temperatures 
above 30°C overhead power lines have reduced rating factors and power and refriger-
ation networks lose capacity for every 1°C of increase in external temperatures (LCCP 
2012).
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08  
OBSERVATIONS

The aim of this Review was to present existing overheating thresholds for thermal 
comfort, health, wellbeing, productivity and infrastructure resilience, assess the level of 
evidence on which each threshold is based on and comment on their practical imple-
mentation to date.

Adaptive comfort models

In summary, the indoor thermal comfort thresholds are an area in which considerable 
research has been carried out in recent years, primarily revolving around the two theo-
retical approaches, the static and adaptive thermal comfort model. 

Research in this field has resulted in a number of thresholds that are described in detail 
in a series of standards. Whilst the absolute/single temperature exceedance, static 
threshold approach was until recently widely adopted by industry professionals, 
following the update of UK, EU and US comfort standards such as the CIBSE TM52, the 
BS EN 15251 and the ASHRAE 55-2013, there is now a requirement by the industry to 
apply the adaptive approach. This approach aims to increase awareness of the impor-
tance of microclimatic, psychological, behavioural and cultural factors on thermal 
comfort. 

Although primarily based on studies in office buildings, based on the fact that human 
physiology stays the same at work and at home, it seems reasonable to assume that 
adaptive comfort models broadly apply in residential buildings as well where the ability 
to adapt the surrounding environment and clothing is more flexible than in the office 
and so could allow a wider range of comfort temperatures. 

Further research will be needed to investigate the relevance of the adaptive thermal 
algorithm to the domestic sector and how it can be adapted for use in the design of 
homes. More investigation is also needed in the application of the adaptive thermal 
algorithm to buildings that house vulnerable occupants with varied health conditions 
such as hospitals and care homes.

The SAP methodology is currently widely used by practitioners in design to check 
whether a home is likely to overheat. SAP is a compliance tool rather than a design tool 
and, as such, provides a basic calculation of overheating risk. A more dynamic approach 
is necessary to determine the severity of the overheating risk and the effectiveness of 
various remedial solutions. However, because of the resource intensity of dynamic 
simulation design methods, they do not currently represent a standard design approach 
in the domestic sector. 

A comprehensive methodology for the design of homes would be needed to enable 
the annual and seasonal performance of homes to be assessed without adding consid-
erable resource requirement to existing industry practices.

Health-related thresholds

Indoor environmental health-related thresholds are less well defined in comparison to 
thermal comfort-based thresholds, despite the well-characterised epidemiological rela-
tionships between outdoor ambient temperature and heat-related morbidity and 
mortality. This is partly attributed to the methodological complexity of linking indoor 
environments with health outcomes and the lack of research work in this area to date. 

Heat-related adverse health impacts also largely depend on individual characteristics 
and levels of exposure, which adds another layer of complexity to the specification of 
health-related indoor environment thresholds. 

This Review also briefly touched upon other thresholds that may apply to people 
working from home, such as, for example, heat stress thresholds related to work 
capacity and cognitive performance. Such thresholds, albeit well established and 
widely used, are accompanied by the caveat that they have been developed for indus-
trial settings. Caution is advised when they are applied to residential environments.

The main temperature-related thresholds discussed in this Review that apply to the UK 
context are summarised in Table 8 (mainly outdoor temperature thresholds identified in 
epidemiological studies) and Table 9 (mainly indoor temperature guidance thresholds) 
below. 

A key limitation that has arisen from this Review is that evidence-based thresholds 
related to different sectors have been developed on the basis of different environ-
mental variables, quite often by researchers from different disciplines. As a result, they 
are commonly expressed in different metrics and are therefore not directly comparable 
with each other. 

Future research should establish an integrated approach towards the definition of 
overheating thresholds that cuts across comfort, wellbeing and health impacts. This 
should be underpinned by a large-scale, high-resolution, inter-disciplinary monitoring 
study of a statistically representative sample of the UK housing stock, including the 
consideration of occupants with a range of health statuses.
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Table 6.   Summary of outdoor temperature thresholds

Upper threshold 
or range

Variable Outcome when values exceed 
threshold or fall outside the range

Source

15.0°C Night time maximum  
outdoor air temperature (°C)

Heat-Health Warning Level 3  
trigger for the North East region

Heatwave Plan for England 2014

15.0°C Night time maximum 
outdoor air temperature (°C)

Heat-Health Warning Level 3  
trigger for the North West region

Heatwave Plan for England 2014

15.0°C Night time maximum 
outdoor air temperature (°C)

Heat-Health Warning Level 3 trigger  
for the Yorkshire & Humberside region

Heatwave Plan for England 2014

15.0°C Night time maximum 
outdoor air temperature (°C)

Heat-Health Warning Level 3  
trigger for the West Midlands region

Heatwave Plan for England 2014

15.0°C Night time maximum 
outdoor air temperature (°C)

Heat-Health Warning Level 3  
trigger for the East Midlands region

Heatwave Plan for England 2014

15.0°C Night time maximum 
outdoor air temperature (°C)

Heat-Health Warning Level 3  
trigger for the South West region

Heatwave Plan for England 2014

16.0°C Night time maximum 
outdoor air temperature (°C)

Heat-Health Warning Level 3  
trigger for the South East region

Heatwave Plan for England 2014

18.0°C Night time maximum 
outdoor air temperature (°C)

Heat-Health Warning Level 3  
trigger for the London region

Heatwave Plan for England 2014

20.9°C Daily maximum outdoor 
air temperature (°C)

Excess heat-related mortality  
for the North East region

Armstrong et al. 2011

21.6°C Daily maximum outdoor 
air temperature (°C)

Excess heat-related mortality  
for the Wales region

Armstrong et al. 2011

21.7°C Daily maximum outdoor  
air temperature (°C)

Excess heat-related mortality  
for the North West region

Armstrong et al. 2011

22.2°C Daily maximum outdoor  
air temperature (°C)

Excess heat-related mortality  
for the Yorkshire & Humberside region

Armstrong et al. 2011

22.3°C Daily maximum outdoor  
air temperature (°C)

Excess heat-related mortality  
for the South West region

Armstrong et al. 2011

23.0°C Daily maximum outdoor  
air temperature (°C)

Excess heat-related mortality  
for the West Midlands region

Armstrong et al. 2011

23.0°C Daily maximum outdoor  
air temperature (°C)

Excess heat-related mortality 
for the East Midlands region

Armstrong et al. 2011

23.5°C Daily maximum outdoor  
air temperature (°C)

Excess heat-related mortality  
for the South East region

Armstrong et al. 2011

23.9°C Daily maximum outdoor  
air temperature (°C)

Excess heat-related mortality  
for the East region

Armstrong et al. 2011

24.7°C Daily maximum outdoor  
air temperature (°C)

Excess heat-related mortality  
for the London region

Armstrong et al. 2011

28.0°C Daytime maximum outdoor  
air temperature (°C)

Heat-Health Warning Level 3  
trigger for the North East region

Heatwave Plan for England 2014

29.0°C Daytime maximum outdoor  
air temperature (°C)

Heat-Health Warning Level 3 trigger 
for the Yorkshire & Humberside region

Heatwave Plan for England 2014

30.0°C Daytime maximum outdoor  
air temperature (°C)

Heat-Health Warning Level 3  
trigger for the North West region

Heatwave Plan for England 2014

30.0°C Daytime maximum outdoor  
air temperature (°C)

Heat-Health Warning Level 3  
trigger for the West Midlands region

Heatwave Plan for England 2014

30.0°C Daytime maximum outdoor  
air temperature (°C)

Heat-Health Warning Level 3  
trigger for the East Midlands region

Heatwave Plan for England 2014

30.0°C Daytime maximum outdoor  
air temperature (°C)

Heat-Health Warning Level 3  
trigger for the South West region

Heatwave Plan for England 2014

31.0°C Daytime maximum outdoor  
air temperature (°C)

Heat-Health Warning Level 3  
trigger for the South East region

Heatwave Plan for England 2014

32.0°C Daytime maximum outdoor  
air temperature (°C)

Heat-Health Warning Level 3  
trigger for the London region

Heatwave Plan for England 2014

Table 7.    Summary of indoor temperature thresholds (please note that, although rank-ordered,  
the thresholds express different metrics and cannot be directly compared)1

Upper threshold 
or range

Variable Outcome when values exceed 
threshold or fall outside the range

Source

20.5 – 22.0°C Monthly mean summer indoor 
temperature (°C) as modelled  
in SAP Appendix P

Slight likelihood of high internal 
temperatures during hot weather

Standard Assessment Procedure 
(SAP): Appendix P

22.0 - 23.5°C Monthly mean summer indoor 
temperature (°C) as modelled  
in SAP Appendix P

Medium likelihood of high internal 
temperatures during hot weather

Standard Assessment Procedure 
(SAP): Appendix P

23.0 - 25.0°C Indoor operative temperature (°C) Summertime thermal comfort in living 
rooms and bedrooms in 
air-conditioned dwellings

CIBSE Guide A (2006 edition)

23.0°C Indoor operative temperature (°C) Summertime thermal discomfort in 
bedrooms in free running dwellings

CIBSE Guide A (2006 edition)

23.5°C Monthly mean summer indoor 
temperature (°C) as modelled  
in SAP Appendix P

High likelihood of high internal 
temperatures during hot weather

Standard Assessment Procedure 
(SAP): Appendix P

24.0°C Indoor operative temperature (°C) Sleep impairment in bedrooms  
in free running dwellings

CIBSE Guide A (2006 edition)

24.0°C Indoor air temperature (°C) Heat-related health effects  
for dwellings

WHO Guidance

24.0 - 25.0°C Indoor air temperature (°C) Switching-on of air-conditioning  
(if installed) in dwellings

Pathan et al. 2008

25.0°C Indoor operative temperature (°C) Thermal discomfort in living rooms 
in free running dwellings

CIBSE Guide A (2006 edition) 1

26.0°C Indoor operative temperature (°C) Overheating in bedrooms  
in free running dwellings

CIBSE Guide A (2006 edition)

26.0°C Indoor air temperature (°C) Room would not function  
as a 'cool spaces'

Heatwave Plan for England 2014

28.0°C Indoor operative temperature (°C) Overheating in living rooms  
in free running dwellings

CIBSE Guide A(2006 edition)

30.0°C Indoor air temperature (°C) Heat-related health effects  
for workplaces

HSE Guidance

35.0°C Indoor air temperature (°C) Use of fans should be avoided Heatwave Plan for England 2014

43.0°C Surface temperature (°C) Safety limit, including heating 
radiators, for institutional buildings

CIBSE TM40

50.0°C Indoor air temperature (°C) Medical supervision requirement for 
workplaces (extreme environments)

CIBSE TM40

1. Note that the CIBSE Guide A (2006) thresholds have now been superseded by the adaptive overheating criteria as published in TM52.
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ANNEX 1

Adaptive thermal comfort criteria 
in full, CIBSE TM52:

The three new CIBSE criteria in Technical Memorandum (TM) 52 (CIBSE 2013) are 
defined based on the BS EN 15251:2007. Together, they provide a more in-depth 
method for the assessment of overheating risk in UK and European buildings. A room 
or a building, which fails any two of the three criteria, is described as being likely to 
overheat. 

The criteria are all defined in terms of ΔT, which is the difference between the actual 
operative temperature (a combination of indoor air temperature and mean radiant 
temperature) in the room at any time (Top) and the maximum acceptable temperature 
(Tmax). ΔT is measured in oK rounded to the nearest integer.

Criterion 1: Hours of Exceedance (He)

The number of hours (He) that ΔT is greater than or equal to one Kelvin during the 
period May to September inclusive shall not be more than 3% of occupied hours. If data 
are not available for the whole period (or if occupancy is only for a part of the period) 
then 3% of available hours should be used.

Criterion 2: Daily Weighted Exceedance (We degree-hours)

To allow for the severity of overheating, the weighted Exceedance (We) shall be less 
than or equal to 6 degree-hours (Kh) in any one day.

We = Σhe x wf = (he0 x 0) + (he1 x 1) + (he2 x 2) + (he3 x 3)    

Where the weighting factor wf = 0 if ΔT ≤ 0, otherwise wf = ΔT, and hey = time in hours 
when wf = y

For example, a room where the temperature is simulated or monitored at half-hourly 
intervals over 8 occupied hours so we have 16 readings, 10 of them where ΔT is zero or 
negative (wf = 0), 3 readings where ΔT = 1 (wf = 1), 2 where ΔT = 2 (wf = 2) and one where 
ΔT = 3 (wf = 3) then: We = (½ (10x0 + 3x1 + 2x2 + 1x3)) = 5 (i.e. the criterion is fulfilled)

Criterion 3: Upper Limit Temperature (Tupp)

To set an absolute maximum value for the indoor operative temperature the value of ∆T 
shall not exceed 4 K.
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ANNEX 2

Heat-Health Watch System Response 
Levels and Trigger Temperatures

 O Level 0 (blue, long term planning) covers year-round long-term planning and prepar-
edness and encourages longer term actions (e.g. related to spatial planning and 
housing) that could reduce the harm to health of severe heat when it occurs.

 O Level 1 (green, summer preparedness and long-term planning) represents the 
minimum state of vigilance during the summer.

 O Level 2 (yellow, alert and readiness) is triggered when there is a 60% probability that 
threshold temperatures will be reached or exceeded in one or more regions on at 
least two consecutive days and the intervening night.

 O Level 3 (amber, heatwave action) is triggered when threshold temperatures have 
been reached in one or more regions on one day and the following night, and it is 
very likely (90% confidence) that temperatures on the next day will be above the 
daytime threshold.

 O Level 4 (red, emergency) is triggered in the case of a period of hot weather so 
severe and/or prolonged that it is likely to affect sectors other than health and social 
care, for example causing power or water shortages.

The trigger local temperature for Heat-Health Warnings are shown in Table 6.

Table 8.   Heat-Health Warning Level 2 and 3 threshold maximum daytime and night 
time temperatures by region, Source: PHE & NHS (2014)

Region Daytime temperature 
threshold (°C)

Night time temperature 
threshold (°C)

North East 28°C 15°C

North West 30°C 15°C

Yorkshire & Humberside 29°C 15°C

West Midlands 30°C 15°C

East Midlands 30°C 15°C

South West 30°C 15°C

South East 31°C 16°C

London 32°C 18°C
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