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ABSTRACT
This paper presents evidence of overheating in present-day low-energy homes and explores the
causes of this phenomenon. The study involved in-depth research on four low-energy homes in
England. Three of these were newly built, while the other was retrofitted. Over a period of 11
months, the homes underwent environmental monitoring, and user perspectives were
gathered. Additionally, a retrospective analysis was conducted based on the Building
Regulations 2010 Overheating: Approved Document O. Overheating was primarily attributed to
design factors related to ventilation (linked to both mechanical ventilation and natural
ventilation), solar control (inadequate G-values), and the unique architectural elements (roof
pod and sunspace). While most occupants employed adaptive behaviours whenever possible to
cope with the high indoor temperatures, these strategies proved insufficient in preventing
overheating in three out of four cases. The study also compared different methods for assessing
overheating in low-energy homes. CIBSE-TM59 was found to be effective in identifying
overheating issues and aligning with occupant perceptions. England Building Regulations Part
O simplified method failed to account for potential overheating from deep energy retrofits, as
well as possible exacerbations from roof pods and from transition spaces. Moreover, all
assessments failed to encompass the elevated risk for (permanent or transitory) vulnerable
occupants.
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Introduction

The low-carbon agenda and the inherent risk

The pressing need to reduce greenhouse gas emissions
(HM Government, 2021a), and with it, the need to
reduce carbon emission from buildings has led to
changes in the building regulations in recent years.
Such changes are improving the building fabric perform-
ance to the effect that homes are now built with strategies
to reduce energy losses, such as increased provision of
insulation, high levels of air tightness and controlled ven-
tilation systems (HM Government, 2021b, 2021d).
Between 1990 and 2019, net greenhouse gas emissions
from heat and buildings decreased by 17% in United
Kingdom (UK) (HMGovernment, 2021a). The momen-
tum of the mitigation agenda is foreseen to continue. In
fact, the Net Zero Strategy in UK expects that, from 2025
onwards, new buildings will be built ready for net zero by
embedding high standards of energy efficiency and low
carbon technologies for heating (i.e. fitted with a heat

pump or connected to a low-carbon heat network)
installed as standard (HM Government, 2021a).

However, real world evidence of overheating in low-
energy (energy efficient) homes in temperate climates
have been published in recent years. Occupant behav-
iour, window-to-wall ratio, ventilation systems and
environmental controls were found to be central issues
in relation to overheating in low-energy homes. In a
study monitoring 25 Passivhaus flats in the West Mid-
lands (UK), researchers found that occupant behaviour
(window opening, presence of curtains, appliances
gains) had a significant impact on overheating (Tabata-
baei Sameni et al., 2015). In a study over 60 low-energy
homes across UK, instances of overheating occurred in
homes equipped with mechanical ventilation with heat
recovery (MVHR) (McGill et al., 2017). A report based
on 76 energy efficient homes monitored across UK, it
was found that window opening practices might be the
most influencing factor on overheating than insulation
and air tightness (Palmer et al., 2016). In Belgium, a
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study on 23 single-family Near Zero Energy Building
(NZEB) homes inWallonia showed summer thermal dis-
comfort to be frequent in NZEB homes. The same study
also linked overheating to larger unshaded glazing sur-
faces and an improper use of environmental controls
(Dartevelle et al., 2021). In addition, a study in 50 low-
energy homes in Ireland found that heat pump technol-
ogy, which needs to operate during the summer to pro-
vide domestic hot water (DHW), contributed to indoor
heat gain and resulted in overheating in these homes
(Colclough & Salaris, 2024). Finally, another piece of
research indicated a significant increase in overheating
risk, particularly in bedrooms of highly insulated
homes in the UK, compared to traditional British hous-
ing stock (Jang et al., 2022). Despite similar climate con-
ditions, these studies highlight the multi-faceted nature
of overheating in low-energy homes that includes design,
fabric specifications, building systems and occupant
behaviour. On such basis, one may even contend that
energy efficiency measures, if improperly designed,
built, operated or understood by its users, can work
against thermal comfort and indoor air quality. In fact,
studies undertaken in Scotland (Howieson et al., 2014;
Sharpe et al., 2015) have confirmed that a significant
reduction in air infiltration can have a detrimental
effect on indoor air quality (IAQ), with indoor carbon
dioxide (CO2) levels in new dwellings monitored at con-
centrations 5 times higher than those recommended by
the Federation of European Heating, Ventilation and
Air Conditioning (REHVA, 2021)

Climate change and temperature rise further
increases the risk of thermal stress. Prolonged exposure
to heat, alongside with a person’s own ability to cope
with heat, can overwhelm the body’s natural cooling
mechanisms. This can trigger a series of heat-related ill-
nesses, ranging from mild cramps to heat exhaustion
and even to heatstroke. The latter can be life-threatening
particularly in vulnerable elderly and children (Ndlovu
& Chungag, 2024). Moreover, sleep deprivation caused
by overheating can worsen cognitive performance,
disrupt emotional brain function, and increase suscepti-
bility to chronic health conditions and infectious dis-
eases (Buguet et al., 2023).

Overheating guidance and requirements

Overheating risk is typically evaluated by establishing a
benchmark temperature, which ideally should not be
exceeded. In the UK, CIBSE Guide A offers the
‘threshold approach’ for overheating assessment
(CIBSE, 2006, 2015). This method uses design targets
to determine the need for cooling systems. However,
this (now superseded) approach has limitations, since,

on the one hand, it does not account for the physiologi-
cal ability of occupants to adapt to their thermal
environment, such as adjusting clothing choices,
and on the other, it lacks consideration for the extent
and duration of overheating episodes. Despite these
limitations, the CIBSE Guide A (2006) remains relevant
for this study for two reasons: (a) it serves as a common
metric used in similar overheating risk assessments
within existing research and (b) it reflects the prevailing
design criteria at the time when the case study homes in
this paper were constructed.

The CIBSE-TM52 ‘The Limits of Thermal Comfort:
Avoiding Overheating’ emphasizes the ‘adaptive
approach’ to thermal comfort. This approach recognizes
that occupants’ thermal perception is influenced by
their recent experience of external temperatures
(CIBSE, 2013). This methodology, based on the Euro-
pean Standard EN 15251:2007 (now superseded by EN
16798-1:2019) improves on the more restrictive
threshold-based approach used in the earlier CIBSE
Guide A 2006. Notably, whilst the guidance primarily
targets non-domestic buildings, much of it is also rel-
evant to the consideration of overheating in dwellings
(CIBSE, 2013). The CIBSE-TM59 ‘Design methodology
for the assessment of overheating risk in homes’ (CIBSE,
2017) is the latest developed methodology to assess the
risk of overheating in UK residential buildings. The
CIBSE-TM59 development process is based on dynamic
thermal simulations conducted on high-risk building
prototypes, including new flats and extra care homes,
strengthening the validity of this methodology.

As reported by Lomas and Kane, the threshold
approach is helpful for rapidly comparing temperatures
in different homes (Lomas & Kane, 2013). However, in
real life, individuals adapt to their environment by mod-
ifying clothes or activities, and controlling the indoor
temperatures via window opening, use of shutters, etc.
In fact, there exists a discrepancy between the ‘threshold
approach’ and the ‘adaptive approach’, for studies have
reported different results (Beizaee et al., 2013; Lomas &
Kane, 2013; Mavrogianni et al., 2017). A national scale
study of summertime temperatures, English dwellings
overheated when temperatures were assessed with the
threshold approach criteria despite cold summer con-
ditions, the same homes were found not to overheat
when using an adaptive approach (Beizaee et al.,
2013). More recently, other authors (Mourkos et al.,
2020) highlighted discrepancies between computer
simulations using CIBSE-TM59 and real-world data
from energy-efficient newly built flats equipped with
mechanical ventilation (MVHR) systems. One possible
reason for these discrepancies was the model’s oversim-
plification of the MVHR system, directly linking the
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flat’s supply air temperature to the outdoor tempera-
ture. However, monitored data revealed that MVHR
systems often supply air at significantly higher tempera-
tures (Mourkos et al., 2020).

A study applying CIBSE-TM59 in subtropical region
in Australia found it to be too stringent (especially in
bedrooms) when compared to occupant responses
(Kim et al., 2023). The definition and progressive update
on overheating assessments over the years is evidence
that our knowledge of the phenomenon of overheating
is still partial and has not yet reached the point of allow-
ing to effectively mitigate the risk of overheating in
dwellings (Attia et al., 2023).

A recent significant step towards mitigating over-
heating in new residential buildings in England is the
introduction of the Building Regulations 2010 Over-
heating: Approved Document O (2021 edition) – herein
referred to as ‘Part O’ in this paper – which applies to
new residential buildings in England from 16 June
2022 (HM Government, 2021c). Part O is one of the
few legal requirements that explicitly tackles overheat-
ing. It aims to both limit unwanted solar gains and pro-
vide means to remove excess internal heat through
ventilation (HM Government, 2021c). Notably, Part O
considers not only thermal factors, but also multi-
domain factors (i.e. acoustic comfort and indoor air
quality) and other factors, such as safety concerns,
that might restrict occupant behaviour aimed at over-
heating mitigation (e.g. window opening). It requires
compliance through two methods: a simplified method
and dynamic thermal modelling. The simplified method
focuses on preventing overheating by avoiding external
heat gains (‘keeping heat out’) and removing excess heat
via ventilation. This is achieved through a series of con-
ditions referencing the window-to-floor ratio according
to building orientation, solar control measures like
external blinds or solar transmittance through glazing
(G-value), and overhangs. These measures are applied
to the building-scale, so they do not include external
shading elements, such as trees or neighbouring build-
ings. The dynamic thermal modelling method uses the
CIBSE TM59 assessment of overheating. For this
method, Part O provides opening schedules as well as
considerations for situations where opening windows
is not safe (like ground-floor dwellings).

Since Part O is concerned with newly constructed
buildings and allows for a 12-month transition period
before becoming compelling, it does not apply to build-
ings already registered with building control. Therefore,
the number of residential units built to the standards
set out in Part O is limited to a small fraction of the
total housing stock in England. The authors are not
aware of any published studies testing the suitability of

Part O. This presents an opportunity for the first study
on the application of Part O’s overheating mitigation
measures. While this research predates the introduction
of Part O, findings of the present study can be used (ret-
rospectively) to critically assess whether or not the
measures introduced by Part O can be considered effec-
tive and a move in the right direction.

This study utilizes data from four low-energy moni-
tored homes collected in 2015 to achieve the following
objectives:

(a) Identify evidence of overheating in low-energy
dwellings within a temperate climate. This will
be achieved by presenting a detailed exploration
of design and behavioural factors influencing over-
heating in such dwellings.

(b) Identify limitations in current assessment methods
based on the analysis of the monitored data.

(c) Retrospectively assess the appropriateness of the
Part O requirement to prevent overheating. This
assessment will be based on the findings from
these homes.

As a result, on the one hand, this work provides valu-
able insights for (i) researchers studying energy efficient
design, overheating, and building performance,
(ii) architects, informing design strategies to mitigate
overheating risk in low-energy buildings, (iii) roof pod
designers, providing crucial knowledge about the poten-
tial impact of roof pods on overheating and the need for
careful integration with overall building design and ven-
tilation systems, (iv) ventilation suppliers, highlighting
the importance of offering ventilation systems with
summer bypass function and (v) building control
officers providing a practical application of the Building
Regulations Approved Document Part O and promot-
ing best practices in their role of enforcing regulations.

Methods of data collection

In this study, data collection was designed to provide a
better understanding of the overheating risk in low-
energy homes, by means of engaging with diagnostic
post-occupancy evaluation (POE) to four case study
low-energy homes located in the East Midlands and
Yorkshire (UK). Diagnostic POE is based on data col-
lected longitudinally and aimed at providing a wide
range of performance indicators (Preiser, 1995). Such
techniques have been used to map areas of concern in
the residences surveyed and their relation to the pro-
blem of overheating in the low-energy homes. In this
study, POE is performed by means of (a) physical
environmental monitoring and (b) a seasonal occupant
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questionnaire. A limited sample size of four in-depth
case studies was chosen due to the exploratory nature
of this investigation. The selection of homes aimed for
architectural diversity to capture a wider range of poten-
tial overheating scenarios: new-build vs. retrofit, light-
weight vs. heavyweight construction, East–West vs.
North–South orientation, and various dwelling types
including terraces, bungalows, and detached dwellings.
While acknowledging the inherent complexity arising
from such a diverse sample, a unifying characteristic
was that all cases exhibited high fabric energy efficiency
(high levels of insulation, high levels of airtightness, and
controlled mechanical ventilation). This shared feature
allowed for a focused investigation of occupant perspec-
tive and their role on overheating within the selected
low-energy homes. In accordance with the Declaration
of Helsinki, this study has undergone ethical approval
from the ethics committee of the Faculty of Technology
at De Montfort University. The ethical issues identified
and addressed are informed consent, privacy and confi-
dentiality, anonymity, and data security.

Physical environmental monitoring

The physical environmental monitoring consisted of
continuous measurements in all rooms in each of the
four case study homes via calibrated sensors (see
Table 1 for specifications). The sensors recorded
indoor air temperature at 10-min intervals, continu-
ously, from summer 2015 until spring 2016. The
high-resolution measurements allowed to capture
temperatures fluctuations. Due to the limited internal
memory, data from the loggers were regularly down-
loaded. This practice resulted not only in a close con-
trol of both location and reliability of the sensors but
also in the opportunity to submit a questionnaire to
the occupants on a seasonal basis.

With the permission of the occupants, the sensors
were installed by the first author of this paper. They
were located to avoid exposure to heat sources or direct
sunlight. Attention was paid to ensure that the sensors
would not interfere with the occupants’ everyday activi-
ties. Pictures with placement of loggers are provided

both in Figures 1, 4, 6, 7 (red circle) and details are pro-
vided in Appendix A. Recorded air temperature is used
in the various analysis in this paper even though some
analyses required operative temperature. Nonetheless,
as other authors reported, in low-energy buildings and
away from direct radiation the difference between the
air temperature and the mean radiant temperature is
small (Nicol et al., 2012).

Seasonal POE questionnaires

The overall aim of the questionnaire design was to cap-
ture how reported overheating and occupant behaviour
relate to the environmental measurements in their
houses. It was used to gather occupants’ interaction
with windows, ventilation systems, and heating systems
as well as questions regarding the perception and the
control of temperatures in all rooms. The seasonal ques-
tionnaire was submitted five times: early summer 2015,
end of Summer 2015, in Autumn 2015, Winter 2016,
and Spring 2016. It was instrumental to verify changes
in thermal perception throughout the different seasons.
As such, the same questionnaire was submitted to look
at the responses longitudinally as it was submitted at
any house visit. The questionnaire included several
open questions to gather qualitative information that
occupants felt relevant, and that was not foreseen by
the main author while designing the questionnaire.

Case studies

House UK51

This 2-bedroom Victorian terrace house dates from the
late nineteenth century back-of-pavement terrace and is
located in Leicester (Figure 1). This type of housing is
traditionally organized over two floors and each floor
have a front room and a rear room. Built on solid
brick walls, with a narrow front and a deep layout,
these homes traditionally have no insulation, and poten-
tially high levels of air leakage (Hubbard, 2011). In 2010,
house UK51 was retrofitted as part of the Technology
Strategy Board’s Retrofit for the Future competition,
aiming to achieve Passivhaus energy standards across
various property types and construction methods (‘Ret-
rofit for the Future’, 2010).

This house was retrofitted according to Passivhaus
design principles (Figure 2). However, the Passivhaus
standard was not achieved due to pressurization test
results exceeding the prescribed limit. The building
underwent multiple airtightness tests and additional
sealing measures, with a final air leakage rate of 2.8
m3/(h·m2) at 50 Pascals (‘Retrofit for the Future’, 2010).

Table 1. Specifications of the measuring instruments.
Instrument: HOBO UA-001-64

Parameter measured: Temperature
Range: −20°–70°C
Resolution: 0.14°C at 25°C
Accuracy: ±0.53°C from 0° to 50°C
Response Time: 10 min (airflow of 2 m/s)
Battery life: 1-year typical use
Battery Type: CR-2032
Memory: 64 K bytes
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To attain Passivhaus standards, extensive internal
insulation was applied to floors and walls. The external
wall build-up consists of 215 mm exterior solid brick,
150 mm of polyisocyanurate (PIR), 50 mm of mineral
wool (RWA45 50), and 13 mm of gypsum board (total
thickness 428 mm). This resulted in a 10–15% reduction
in usable internal floor area due to the bulky insulation
materials (Crilly et al., 2012). To compensate for this
loss of space, a new roof room was constructed using
off-site methods. Having a room in the loft is not stan-
dard practice in these terrace houses, and the choice was
made to recover the loss of floor space due to internal
insulation (‘Project Cottesmore’, 2009). Referred to as
the ‘roof pod’ or ‘converted loft’ in this paper, the roof
pod, a warm roof solution, serves as bedroom 2 (see

Figure 3). The roof pod build-up consists of a water
vapour barrier (Solitex Fronta WA), sarking boards,
75 mm Celotex PIR rigid insulation board, light-gauge
steel frame structure, and 60 mm insulated plasterboard
(Gyproc Thermaline Super Insulated Plasterboard).

In terms of building systems, principles, hygiene venti-
lation was provided via MVHR. TheMVHRwas running
at all times throughout the study andwithnoprovision for
summer bypass. Ventilation extractions are located on the
ground floor kitchen, and the first-floor bathroom. There
was a boost switch (for increased ventilation) located in
the kitchen. Despite the fact that the house was retrofitted
following to high fabric efficiency standards (similar to
Passivhaus design principles), the house was also
equipped with a standard condensing gas boiler system

Figure 1. Left: East façade view of the Victorian terrace retrofitted to Passivhaus-like standards. Right: Plans. The red circle indicates
the location of the loggers.

Figure 2. Passivhaus Planning Package verification results retrieved from the sustainability consultant of case UK51.

BUILDING RESEARCH & INFORMATION 5



for heating with radiators. Occupants were a female adult,
her brother with his wife, and their new-born child. The
arrival of the newborn occurred during the monitoring
period. From this time onwards, the house was occupied
at all times in at least one bedroom. The male occupant
answered the questionnaires.

House UK52

This is a two-bedroom bungalow built in 2013 in San-
diacre (Derbyshire), see Figure 4. This home is part of
a development design to Passivhaus standard. However,
this single-story layout typical of a bungalow, results in a
higher surface area to volume ratio than, leading to a
higher annual heat demand than is required for the

standard (see Figure 5). Therefore, while designed fol-
lowing Passivhaus design principles, this bungalow is
not officially a certified Passivhaus. This house is built
using lightweight materials, with external bricks chosen
to recall to the traditional British housing. The external
wall build-up consists of 102 mm external brick work,
60 mm air cavity, breather membrane, 9 mm of oriented
strand board (OSB), 235 mm of Val-U-Therm wall sys-
tem panel, vapour barrier, 25 mm of rigid insulation
(Kingspan’s Thermawall), 45 × 35 mm battens, and 12
mm of gypsum board (total thickness 490 mm).

MVHR provided was running at all times through-
out the study and with no summer bypass. Ventilation
extractions are located in the bathroom and kitchen.
There is a ventilation boost switch located in the

Figure 3. Roof pod installation on-site (‘Retrofit for the Future’, 2010).

Figure 4. Left: View of the uncertified Passivhaus bungalow UK52 (shaded the entrance facing west). Right: Plans. The red circle indi-
cates the location of the loggers.
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kitchen. In addition, there is a heat-boost in the form
of air supply valve located in the living room to pro-
vide an extra level of comfort. Occupants were a
couple of retired residents. The second bedroom was
occasionally used. The female occupant answered to
questionnaires.

House UK54

House UK54 is a 3-bedroom end of terrace house, built
in 2013 in a suburban area in York (see Figure 6). This
house has higher than building regulations levels of fab-
ric efficiency (see Tables 2 and 3). The external wall
build-up consists of 102.5 mm exterior brick, 50 mm
of air cavity, 100 mm insulation board, 100 mm con-
crete block, and 12 mm of gypsum board (total thick-
ness 365 mm). Fresh air is provided by natural
ventilation and a centralized mechanical ventilation
extract (MEV) in wet rooms. The mechanical venti-
lation was turned off permanently by the occupants,

who preferred to manage ventilation via natural venti-
lation. In addition, windows are equipped with trickle
vents. Heating is provided via traditional radiators con-
nected to a district heating. This home was occupied at
all times by a couple of retired residents. Bedrooms 2
and 3 were occasionally used. The male occupant
answered the questionnaires.

House UK55

House UK55 is a 3-bedroom detached house, built in
2013 in the same developments (see Figure 7). This
house has higher than building regulations levels of fab-
ric efficiency (see Tables 2 and 3) and has the same fab-
ric characteristics as house UK54. The external wall
build-up consists of 102.5 mm exterior brick, 50 mm
of air cavity, 100 mm insulation board, 100 mm con-
crete block, and 12 mm of gypsum board (total thick-
ness 365 mm). House UK55 integrates an east-facing
sunspace meant to both collect heat during winter and

Figure 5. Passivhaus Planning Package verification results retrieved from the sustainability consultant of UK52.

Figure 6. Left: South street façade view of UK54. Right: Plans. The red circle indicates the location of the loggers.

BUILDING RESEARCH & INFORMATION 7



to trigger buoyancy ventilation during summer,
although the occupants did not used it as intended
and kept it closed. The house is equipped with MVHR
which was running at all times throughout the study
and no provision of summer bypass was in place. Ven-
tilation extractions are located in the ground-floor
kitchen and the first-floor bathroom. As for house
UK54, this house has a piped heating system connected
to the district heating in the development. This house
was occupied at all times by a couple of retired residents.
The second and third bedrooms were only occasionally
used. Responses to questionnaires as well as house
details were provided by the male occupant. This
house had vulnerable occupants, as one of its occupants
suffered from a long-term illness that can alter their per-
ception of heat.

A summary table with all case studies is provided in
Tables 2 and 3 below.

Results

Seasonal questionnaires

With the intention tofind evidence of overheating by ‘ask-
ing people first’, the results of this study focus on reported
overheating and on window opening patterns, from one
person per household. These respondents were occupants
who managed the energy aspects in their households: an
adult male in UK51, an adult female in UK52, an adult
male in UK54, and an adult male in UK55.

Reported overheated rooms
One question was specifically designed to gain feedback
from occupants and to spot areas of potential overheat-
ing within the house. The question was: ‘During this
time of the year, do you find it difficult to keep comfor-
tably cool in any room?’ Participants had to mark the
time slots when a room was difficult to keep cool. The
time slots were divided into morning (08:00–10:00
and 10:00–12:00), afternoon (12:00–14:00, 14:00–16:00
and 16:00–18:00), evening (18:00–20:00, 20:00–22:00
and 22:00–24:00) and night (00:00–08:00). This allowed
for a first-hand approach to the comfort provided to
their occupants. This is the reason why there is no men-
tion of the word ‘overheating’ within the question. The
questionnaire ended with an open question to allow
participants to provide any information they felt rel-
evant. While the relevant question indicated the time
slots of perceived overheating, the frequency of over-
heating was not gathered. This limitation is integrated
with data from the physical environmental monitoring,
shown in the next section of this paper.

Looking at Table 4, it becomes evident that occupants
reported finding it difficult to keep many rooms cool,
especially bedrooms (excluding those in case study
UK54). This was true especially in the case studies with-
out thermal mass exposed and with MVHR in use
(UK51 and UK52) and particular UK51-bedroom 2
(roof pod bedroom) in different seasons. It is also
noticeable that in the questionnaire submitted in Spring
2016 residents reported most cases of rooms as difficult

Figure 7. Left: East façade view of UK55. Right: Plans. The red circle indicates the location of the loggers.
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Table 2. Overview of the four case studies with main construction characteristics.

House
ID

Dwelling type/year of
construction

Energy efficiency
standard/location

Internal floor area/
floor to ceiling high

U-value
ext. walls

U-value
roof

U-value
glazing

G-value
glazing Construction type

Thermal mass
exposed Ventilation type

Air Tightness
level

(m2)/(m) (W/m2K) (W/m2K)
(W/m2K)
average

m3/(h.m2)
@50 Pa

UK51 mid-terrace/1890,
retrofitted in 2010

PassivHaus/Leicester 91/2.5 0.12 0.17 1.31 0.72 solid wall, intern.
insulated

no MVHR (no summer
bypass)

2.8
(tested)

off-site manifatured roof
pod

1.31 0.72 lightweight walls no

UK52 bungalow/newly built
in 2013

PassivHaus/Sandiacre 59/2.5 0.10 0.09 1.08 0.61 lightweight walls no MVHR (no summer
bypass)

0.44
(tested)

UK54 end-terrace/newly built
in 2013

Build. Regs.
/York

141/2.5 0.17 0.14 1.12 0.63 insulated cavity
wall

YES MEV 3.9
(tested)

UK55 detached/newly built in
2013

Build. Regs.
/York

167/2.5 0.17 0.14 1.12 0.63 insulated cavity
wall

YES MVHR (no summer
bypass)

2.98
(tested)

Source: For UK51 and UK52, PHPP and SAP calculations were obtained from sustainability consultants. For UK54 and UK55, SAP calculations were provided by homeowners.

Table 3. Overview of the four case studies with systems description of examined rooms.
House ID Room Background ventilation method Cross-ventilation availability Solar gains (orientation of glazed areas) Glazed area (m2) Internal shading External shading

UK51 Living room Supply air valve no East (vertical) 2.5 Light curtains no
UK51 Bedroom 1 Supply air valve no East (vertical) 2.3 Light curtains no
UK51 Bedroom 2 Supply air valve yes East (horizontal) 0.8 Velux int. screen no

West (horizontal)
UK52 Living room Supply air valve yes West (vertical) 0.7 curtains no
UK52 Bedroom 1 Supply air valve no South (vertical) 0.7 curtains no
UK54 Living room Trickle ventilation yes South (vertical) 2.9 curtains no
UK54 Bedroom 1 Trickle ventilation yes South (vertical) 2.9 curtains overhang (ext. loggia)
UK55 Living room Supply air valve yes East (adjacent to sunspace), and South, vertical 2.9 curtains overhang (ext. loggia)
UK55 Bedroom 1 Supply air valve no West (vertical) 2.5 curtains no

BU
ILD

IN
G
RESEA

RC
H
&
IN
FO

RM
A
TIO

N
9



to keep comfortably cool in houses UK51, UK52 and
UK55.

Other noticeable findings of the study are:

. The occupants of house UK51 reported overheating
exclusively in bedroom 2 (located in the converted
loft and used by one occupant) during most of the
monitored seasons. In this bedroom, also known as
the roof pod bedroom, occupants attempted to miti-
gate high temperatures by keeping the internal Velux
blinds closed. However, this measure proved insuffi-
cient, necessitating the additional strategy of opening
windows both day and night, when outdoor con-
ditions allowed for it.

. In house UK52, the occupants reported bedroom 1
(used by two occupants), and the hall to be uncom-
fortably warm throughout the year. Bedrooms are
south oriented with no provision for shading and
no window recess. One possible explanation for the
difficulty to keep comfortably cool in the hall of
case study UK52 is the presence of a nearby cupboard
containing a hot water cylinder, which contributed to
warming the hall. Occupants also reported difficulty
in keeping comfortably cool the west facing living
room.

. The occupants of home UK54 reported no issues
besides the office (with a Velux window closed at
all times due to building works nearby). This issue
disappeared once the possibility of window opening
was restored after the completion of adjacent build-
ing works.

. In house UK55 the occupant did not report overheat-
ing issues. However, this house has recorded occur-
rences of severe overheating. The occupant had a
neurological condition limiting their perception of
warmth. This confirms that overheating can affect
individuals with vulnerabilities, especially if they are

unable to perceive overheating (as introduced in
the first part of this paper).

Window opening patterns
The questionnaire had a specific question designed to
collect information about window opening as a practice
to purge heat. The question submitted was: ‘How often
do you open the windows in order to cool your house?’
(never = 0, rarely = 1, once a week = 2, daily = 3, night =
4, day&night = 5). Results are reported in Figure 8.

It is interesting to notice that most occupants of the
surveyed homes performed window opening day and
night (even outside the summer season). It was also
found that rooms where natural ventilation was not
used, was due to some restriction rather than the need
itself not existing. The open questions, which allowed
participants to elaborate on their answers to the other
questions, revealed that restrictions to open the win-
dows had origins in (i) physical inability to open the
windows (e.g. the window kitchen in UK52), (ii) con-
cerns about security and fear of burglary (especially
ground floor windows in UK51 and UK52), (iii)
odour disturbance (people smoking in the street in
UK51), and (iv) noise disturbance (UK51). In more
detail:

. In case study UK51, windows were open in many
rooms across all seasons. Whereas bedroom 1 (used
by 2 occupants) was kept closed due to noise from
the street, bedroom 2 (a converted loft used by one
occupant) was kept open day and night, because it
was found to be difficult to keep comfortably cool.

. In case study UK52, windows were regularly kept
always open during daytime, also in winter. The
exception was the window kitchen, which was
found to be difficult to reach and open as the

Table 4. This table shows the time slots when participants reported difficulty to keep comfortably cool in different rooms throughout
the study.

Notes: The data was collected at various times (and seasons) across the year. Numbers in cells indicate hours of the day.
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window’s handle was out of reach due to the depth of
the worktop plus the depth of the wall.

. In case study UK54, all windows were opened at least
daily, with instances of day&night ventilation in
summer. Construction works prevented occupants
from opening the windows in the office room and
bedroom 2 (street facing). Occupants of this house
managed the house via natural ventilation and
found no use for the mechanical extract ventilation
provided, which was then turned off. Occupants
revealed that they have learnt this adaptive behaviour
during their numerous summer holidays in Mediter-
ranean countries.

. In case study UK55, windows were kept shut in bed-
room 1 (2 occupants) despite high temperatures. The
reason for this was that the occupant explicitly del-
egated all ventilation purposes (i.e. providing back-
ground ventilation and cooling ventilation) to the
MVHR system. In fact, in this home MVHR was
managed in the misconceived belief that provided
air changes would cope with the purging of high
temperatures and by so (wrongly) delegating the pro-
vision of summer comfort to the MVHR. In addition,
it was later connected to the fact that the occupants
did not notice how warm temperatures were getting
due to a neurological condition that prevented
them from feeling the heat.

Focusing solely on bedrooms (Figure 8), it becomes
apparent that during the warmer season, occupants of
case study UK55-bed 1 (used by two occupants) win-
dows were kept closed. Conversely, occupants of case
study UK51-bed 2 (used by one occupant) maintained
open windows day and night throughout the entire
11-month monitoring period. It is noteworthy that
both rooms occupants reported overheating. However,

the persistent overheating in UK51-bed 2 (converted
loft) despite continuous ventilation highlights the limit-
ations of this approach. While case study UK55-bed 1
may still benefit from adaptive cooling strategies to
reduce temperatures, such as night-time ventilation,
the data suggests that case study UK51-bed 2 requires
alternative cooling solutions.

Physical environmental monitoring

Summer performance
The summer analysis here presented considers the sen-
sors’ recordings from 30 June 2015 until 13 August
2015, at all times. The recorded temperatures of living
rooms and bedrooms that were used daily have been
analysed to spot the most concerning areas or rooms
in the house (rooms used sporadically, such as guest
bedrooms, are excluded). This analysis includes a
short heatwave that occurred in England (from 30
June 2015 until 2 July 2015). Box and whisker plots
and histograms of living rooms and used bedrooms
are presented in Figures 9 and 10 respectively. In
these figures, rooms where participants declared to be
difficult to keep cool are shown with a red cycle.

Descriptive statistics living rooms and bedrooms.When
looking at the descriptive statistics in Table 5, it can be
observed that most of the high temperatures were in the
bedrooms on the upper floors (this tendency did not
change in other seasons). The living rooms were charac-
terized by lower temperatures.

Further points to be noted are:

. During the summer, mean temperatures of all rooms
in all homes are in the range 21.34–23.66°C. The
mean temperatures in the living rooms were lower
than those of the respective houses’ bedrooms.

Figure 8. Results of seasonal questionnaire: window opening patterns for living rooms and bedrooms in use throughout the various
seasons.
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. Minimum temperatures ranged from 17 to 19°C.
UK54’s temperatures were maintained with no
high peaks in temperature, as opposed to the
other homes.

. Maximum temperatures: across all homes, maximum
indoor temperatures ranged from27 to 34°C. The hot-
test room (which was the converted loft in house
UK51) was consistently identified by occupants to
be too hot, particularly during the heatwave. House
UK54 exhibited the lowest maximum temperatures,
likely attributable to two factors: (i) its unique
north–south orientation, reducing solar gain on the
south façade partially shaded by an external loggia,
and (ii) occupants’ regular ventilation practices. Nota-
bly, UK54 is the only homewithout anMVHR system,
eliminating potential heat recovery during summer
months. In contrast, the overheating homes lacked a
summer bypass feature in their MVHR systems,
exacerbating overheating conditions.

An importantobservation is thatwhilst houseUK52and
house UK54 have similar average temperatures (between
22 and 23°C), there is a remarkable difference in thermal
experience: whereas the occupants of houseUK54 reported
that they felt ‘sheltered’ against heat, the occupants of house
UK52 said that at times they wake up and stayed in the liv-
ing room at night to find some thermal relief.

Heat wave performance
Recorded temperatures of the hottest week during the
same summer are plotted for all living rooms and bed-
rooms in Figures 11–14 and for each room in Figure 15.
In addition, Figures 11–14 show also the calculated
Maximum Acceptable Temperature (Tmax) and an

Upper temperature Limit (Tupp) according to CIBSE-
TM52. This period includes a short heatwave occurring
inEngland from28 June 2015 to 3 July 2015.Due to unre-
liable on-site temperature data collected at Sandiacre
UK52, data from Leicester UK51 was used. While this
approach may not fully capture potential microclimate
variations, it is important to note that Leicester and San-
diacre are only about 33 km apart and have similar
elevations, with Leicester being about 24 metres higher.
Therefore, Leicester’s temperature data is considered
the best available proxy for Sandiacre UK52.

In this context it should be noted that:

. Graphs in Figures 11–14 show that while external
temperatures begun falling from 2 July 2015, the
high internal temperatures fell in a similar trend in
all houses.

. In home UK52 (Figure 12), in bedroom 1 tempera-
tures remained above 25°C for over three days after
the end of the heatwave. This was unexpected since
there is no exposed thermal mass. Building materials
combined with occupants’ tendency to window
opening could have lowered temperatures faster
than houses with exposed thermal mass (as per
homes UK54 and UK55). It is not possible to estab-
lish with complete certainty the reason for these
temperatures, but it is worth mentioning other con-
curring sources of internal heat gains such as (a)
the continuously operating MVHR (with heat recov-
ery) and (b) the presence of a hot water cylinder in
the hall making it difficult to cool (see Table 4 in pre-
vious section and Figure 15 below).

. In home UK54, in bedroom 1 temperatures
were below the peak day external temperature, but
were greater than for the subsequent days. A
similar temperatures behaviour was found in home
UK55 which has the same building specifications
(only difference is the presence of MVHR with no
summer bypass). However, the pattern was repeated
with a 3–4°C difference higher (see Figures 13 and 14).

Overheating assessment
Homes underwent overheating assessments, using a set
of guidance published by CIBSE and using the summer
data. Overheating assessments will consider the
‘threshold approach’ (CIBSE Guide A, 2006), the ‘adap-
tive approach’ (CIBSE-TM52, 2013) and the combined
approach (CIBSE-TM59, 2017). It should be noted
that this set of guidance is intended for simulated
data. By contrast, in the context of this research it has
been applied to the summer monitored data. This use
is justified by the exploratory nature of this research.

Figure 9. Box and whisker plots of summer temperatures (at all
times) of living rooms and bedrooms. Circled in red are the
rooms that occupants claimed to be difficulty to keep comforta-
bly cool.
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Figure 10. Histograms and normal distribution charts of living rooms and bedrooms during summer (at all times). The right tail
(circled in red) in UK51-bed 2, UK52-bed 1 and UK55-bed 1 show the correspondence with the rooms reported to be “difficult to
keep comfortably cool” and as they were recorded from 30 June 2015 until 13 August 2015.
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The first assessment was performed according to the
CIBSE Guide A (2006), which states that overheating
occurs by exceeding a single limiting temperature for

1% annual occupied hours (a) in living areas, operative
temperatures should not exceed 28°C; and (b) in bed-
rooms, operative temperatures should not exceed 26°

Table 5. Descriptive statistics (°C) for living rooms and bedrooms, at all times occupied, from 30 June 2015 to 13 August 2015.
N Range Minimum Maximum Mean Std. Deviation

°C UK51 bed 1 14544 11 19 29 23.42 1.440
°C UK51 bed 2 14544 16 18 34 23.53 2.022
°C UK51 living 14544 10 19 28 22.60 1.472
°C UK52 bed 1 13309 11 19 30 23.04 1.653
°C UK52 living 13309 14 17 30 21.34 2.080
°C UK54 bed 1 15901 8 19 27 22.13 1.508
°C UK54 living 15901 8 18 27 21.68 1.279
°C UK55 bed 1 15870 13 19 31 23.66 2.016
°C UK55 living 15870 11 19 29 23.39 1.860
Valid N (listwise) 13308

Figure 11. Temperature plots for house UK51 during the hottest week in 2015.

Figure 12. Temperature plots for house UK52 during the hottest week in 2015. Leicester temperature data is used for both as external
UK52 data were not available.
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C. If either of these fails, the room is considered to have
overheated.

The second assessment was performed according to
the adaptive CIBSE-TM52 guidance. Accordingly, any
naturally ventilated building would be affected by over-
heating if that building or one of its rooms fails any two
of the following three criteria (period 1st May to 30th

September):

. CIBSE-TM52-criterion-1 considers the hours of
exceedance in which the temperature difference is
greater than, or equal to, one degree (K), which
should not be more than 3% of occupied hours;

. CIBSE-TM52-criterion-2 consists of a daily weighted
exceedance setting a daily limit of acceptability to allow
for the severity of overheating. The weighted exceedance
must be less than or equal to 6 h on any one day;

. CIBSE-TM52-criterion-3 introduces a maximum
daily temperature – an adaptive threshold – in con-
sideration of the category of building and its comfort
expectancy (i.e. category I for vulnerable groups of
people, category II for normal expectation of recently
built and refurbished buildings).

The CIBSE-TM52 methodology for adaptive assess-
ment required first to calculate the exponentially
weighted Running Mean Outdoor Air Temperature
(Trm). This was obtained by employing the equations
provided in box 2 of CIBSE-TM52 and the temperatures
recorded with loggers onsite as well as in the premises of
the studied homes. The second step consisted of using
this weighted temperature and derive a Comfort Temp-
erature (TComf). This was obtained by equation 6 in
CIBSE-TM52 (2013). The third step consisted of

Figure 13. Temperature plots for house UK54 during the hottest week in 2015.

Figure 14. Temperature plots for house UK55 during the hottest week in 2015.
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calculating the related Maximum Acceptable Tempera-
ture (Tmax) and an Upper temperature Limit (Tupp)
(BSI, 2007). Importantly, these temperatures depend
on the categorization of the buildings to allow for con-
sideration of the level of comfort expectation.

CIBSE-TM52 requests to realistically consider the
comfort expectations of occupants (2013). This analysis
used data gathered from the questionnaire to embed
the reality of the case studies. In terms of vulnerability,
houses UK51 and UK55 had vulnerable occupants.
Importantly, the analysis considered buildings in both
categories, i.e. category I (for vulnerable groups of
people, henceforth with higher expectation of comfort)
and category II (recently built and refurbished buildings,
henceforth a normal expectation of comfort). This
double assessment – in Cat. I and in Cat. II – was chosen
to (a) accurately reflect the level of comfort expected (as it
would have been chosen during the design stage) and (b)
consider the actual occupancy and vulnerability con-
dition. The analysis also incorporated the occupied
hours retrieved from the questionnaire. The third assess-
ment CIBSE-TM59 assessment is formulated for homes
that are predominantly naturally ventilated, including
those withMVHR. It requires homes to pass two criteria:

. CIBSE-TM59-criterion-1: For all occupied spaces, rooms
have to comply with TM52-criterion-1 (hours of
exceedance).

. CIBSE-TM59-criterion-2: for bedrooms only and
exclusively in the timeframe from 10 pm to 7 am,

operative temperatures should not exceed 26°C for
more than 1% of annual hours.

In living rooms, it is required that the first and the
second steps of CIBSE-TM52 are followed.

In considering the thresholds assessments (CIBSE
Guide A 2006 and CIBSE-TM59-criterion-2) whenever
‘hours above a threshold’ were required, interval resol-
utions of 10 min were recorded.

Results of the overheating assessment using all three
methods indicated that overheating occurred predomi-
nantly in bedrooms. The CIBSE Guide A (2006) assess-
ment and the CIBSE-TM59 assessment produced
comparable results. By contrast, the CIBSE-TM52
assessment indicated fewer occurrences of overheating.
These findings are reported in Table 6.

In the assessment, overheating in house UK51 was
found in both bedrooms using both CIBSE Guide A
(2006) and CIBSE-TM59 assessments. By contrast, the
CIBSE-TM52 assessment method indicated that over-
heating did not occur. Moreover, CIBSE-TM52 was
found not to be consistent with the occupants’ responses,
who considered bedroom 2 to be too hot for the largest
part of the summer. To reflect the reality of occupancy,
and consequentially the actual thermal comfort expec-
tation of this building, during the CIBSE-TM52 analysis,
houseUK51was also treated as a category I building (BSI,
2007) with a view of reflecting its (temporary) vulnerable
occupants. Only under these circumstances bedroom 2
(roof pod) was found to overheat.

Figure 15. Box and whiskers plots all rooms in case studies at all times during the hottest week. Circled in red: closed with domestic
hot water cylinder (left) and first floor of the sunspace (right).
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In a similar vein, in house UK52, overheating was
found in bedroom 1 with the CIBSE Guide A (2006)
and the CIBSE-TM59 assessments. By contrast with
CIBSE-TM52, there was no overheating in bedroom
1. Additionally, in this case the CIBSE-TM52 assess-
ment does not reflect the responses given by the occu-
pants, who opted for vacating the bedroom at night-
time during the heatwave in order to find some heat
relief. House UK54 did not overheat. Notably, the
results of the assessment in case study UK54 were con-
sistent with the occupant responses throughout the
seasonal questionnaires. In house UK55, the main
bedroom was found to overheat under all assessments.
In that house, the entire house’s ventilation was man-
aged through the MVHR, and the residents did not
open the windows. It is worth underlining that this
home had an occupant suffering from a neurological
condition affecting their thermal perception, and
accordingly should be considered a vulnerable occu-
pant. For this reason, the building can be considered
category I (for vulnerable groups of people), as
opposed to category II (for normal expectation of
comfort).

Discussion

Reported practices of ventilation and perceived
overheating

In some instances, responses from the questionnaires
corresponds with the loggers’ temperatures. For
instance, the occupier in house UK51 complained
about bedroom 2 (roof pod) in the first survey. This
coincided with the overheating assessment. Conversely,
responses from house UK55 changed during the moni-
toring period, and different rooms were mentioned on
different occasions. This indicates that the assessment
carried out by occupants with health conditions may

not be reliable. In addition, responses to Question 13
have provided evidence that consulting only occupants
is not sufficient to identify overheating. The main
found reasons for this were that people did not want
to complain and, as for house UK55, that occupants
had a limited thermal perception. Therefore, question-
naires to occupants are to be considered only one part
of a more comprehensive overheating assessment.

Another important factor to be considered in
relation to overheating is the role of building’s adaptive
capacities. While (healthy) people may well adapt to
find comfort, this possibility is reduced insofar as
buildings do not provide different means for adap-
tation. For instance, the bungalow UK52 was designed
for (only) night cooling, and was no equipped with
external shading. Incidentally a good portion of new
and low-energy homes may present the same features.
By contrast, in another case study (house UK51, where
bedroom 2 (roof pod) was not comfortably cool despite
the window being open during the day and many times
during the night) occupants could rely on the tempor-
ary shelter provided by the cooler ground floor living
room during the heatwave. Importantly, in flats with
a more homogeneous temperature, vacating might
not be an option.

A temporary unavailability of window opening was
also observed in the bedrooms of UK51 and the office
of UK54. This demonstrated the risk of relying solely
on window opening as a cooling strategy, for ventilation
might not be feasible due to several contextual factors
such as the inability to open windows, outdoor noise,
traffic, or fear of burglary. Furthermore, the unavailabil-
ity of window opening is to be carefully evaluated in the
context of low-energy homes. This evaluation should
also account for scenarios where window opening
might not be the most effective cooling method, such
as during heatwaves when outdoor pollution increases
(WHO, 2024).

Table 6. Results of the overheating assessments.
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Differences between the assessments

The occupant survey performed in all four low-energy
homes showed that case studies UK54 and UK55 in
York provided results that agree in all three methods
for overheating assessment (CIBSE 2006, CIBSE-TM52
2013 and CIBSE-TM59 2017). More specifically, house
UK54 showed no overheating with all three methods
and house UK55 showed overheating with all three
methods.While identical in construction details (building
fabric specifications and G-value), these two homes differ
in orientation (north–south in UK54 vs. east–west in
UK54) and ventilation management (frequent window
opening in UK54 vs. no window opening in UK55).
This difference highlights the importance of both purge
ventilation and window orientation, especially consider-
ing the lack of external shading in most English homes.

Case studies UK51 and UK52 were shown not to be
affected by overheating when assessed using CIBSE-
TM52 and, instead, to be affected by overheating
when assessed using CIBSE-TM59. In more detail, in
both case studies, the TM52 upper limit (CIBSE-
TM52-criterion-3) passed; by contrast, it did not pass
the fixed threshold of 26°C in the bedrooms. In other
words, the adaptive CIBSE-TM52 assessment depicted
UK51 and UK52 as an acceptable environment in
terms of overheating, whereas the CIBSE-TM59 assess-
ment indicated them as buildings prove to overheating.

This difference was further investigated by taking a
deeper look at the temperatures of the hottest day of the
recorded period (1.07.2015), and in particular at Tupp

(see Table 7). Using bedroom 1 in house UK51 as refer-
ence, the recorded external temperatures were used to cal-
culate a derived indoor comfort temperature of 25.1°C
(step II in the CIBSE-TM52 calculation procedure).

From this value, a derived maximum acceptable tempera-
ture (Tmax) of 28.1°C and a derived upper limit tempera-
ture for the category of building considered (Tupp) of 32.1°
C were established (step III in the CIBSE-TM52 calcu-
lation procedure). It can be argued that the resulting
Tupp, would be rarely reached in England (in fact, only
UK55 failed CIBSE-TM52-criterion-3) and that CIBSE-
TM52-criterion-3 is less likely to fail. Therefore, the con-
dition of overheating appears to rely almost entirely on
the other two criteria (CIBSE-TM52-criterion-1 and
CIBSE-TM52-criterion-2). The authors of this paper
limit this statement when using historic climate data.

CIBSE 2006 and CIBSE-TM59 2017 assessments effec-
tively identified excessively warm temperatures. This cor-
roborates with the occupant perceptions. This makes
them valuable assessment tools for quickly identifying
potential overheating issues in houses during the post-
construction phase, thus ensuring suitability for occu-
pants to implement adaptive cooling strategies (e.g.
solar control, ventilation). This contradicts the views of
other researchers regarding CIBSE-TM59’s reliability
(Kim et al., 2023; Mourkos et al., 2020). Finally, the limit-
ations of using monitored data and for a shorter pro-
portion of time for the overheating analysis should be
explicitly acknowledged. The overheating analysis here
presented is not comparable with predictive assessments
based on standard weather years and an annual basis.

Temporary vulnerability

The occupancy was based on occupants’ responses to
questionnaire; however, during the monitoring period
the occupancy changed in some of the case studies.
For example, house UK51 had a new-born baby whilst

Table 7. Detail of the CIBSE-TM52 overheating assessment evidencing the calculated comfort (Tcomf) and upper limit (Tupp)
temperatures of house UK51-bed1.
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house UK51-bedroom 2 was used most of the time
during the monitoring period. Not only did the occu-
pancy here changed, but also the category of the build-
ing should have been changed (even though briefly) for
part of the period, e.g. during the pregnancy of an occu-
pant, after the baby was born and when an occupant was
temporarily confined in bed. This consideration would
affect the maximum acceptable temperature (Tmax)
and upper limit temperature (Tupp), cautiously restrict-
ing these thresholds.

Furthermore, house UK55 presented the case of a
vulnerable occupant due to their lack of thermal sen-
sation which exposed them to a higher risk to heat
stress. In other words, the fact that in two out of four
houses occupants turned out to be vulnerable (one tem-
porarily and the other permanently) raises questions
regarding the appropriateness of considering category
II when throughout the life cycle of an occupant there
will be stages of vulnerability.

Building regulations Part O

As shown in the previous paragraphs, some low-energy
homes can overheat. These findings can also be used to
evaluate the new requirement concerning overheating
(Part O). One may wonder, for instance, whether the
new standards introduced by Part O could have pre-
vented overheating in the case studies. For this purpose,
the four case studies were assessed against the simplified
method outlined in Part O. All the monitored homes
were considered to have cross ventilation and be located
in ‘moderate risk’ locations. This meant they did not
require a shading strategy (as outlined in paragraph
1.9 of Part O, requirement 2a.2C), which would have
been mandatory for houses in high-risk areas. The com-
pliance checklist with requirements and calculations for
all houses is shown in Table 8.

When considering whether Part O could have pre-
vented overheating in low-energy homes, two key con-
siderations emerge based on the cases studied. The first
consideration is that refurbished buildings fall outside
the scope of Part O. In terms of Part O compliance,
house UK51, as a retrofitted dwelling, would normally
be excluded. Interestingly, house UK51 exhibited severe
overheating, particularly in the bedrooms. This suggests
that the current requirement fails to apply to a large por-
tion of the existing building stock. The relevant building
stock can thus be potentially susceptible to overheating
even after it has undergone deep energy renovations.
Notably, House UK51 incorporates Passivhaus prin-
ciples, particularly in its focus on fabric energy
efficiency. However, it would not have met the require-
ment for the maximum glazing area in the room with

most windows – the living room – as that requirement
is set out in Part O. UK51 fails to meet the requirement
as it is a Victorian house, and Victorian houses were
designed to maximize daylight. Additionally, the
house’s windows would not have passed the shading
requirement set out in Part O, because their G-value is
above the required maximum. Finally, in terms of
removing excess heat, house UK51 failed to achieve
the total minimum free area requirement at the house
level because traditional sash windows were replaced
with hinged windows that have a lower free area value.

The second consideration concerns the buildings –
new homes – subject to Part O regulations. Consider
House UK52, which would comply with Part O, inso-
far as the simplified method is used. Designed with
input from a sustainability consultant and incorporat-
ing certain Passivhaus design principles inherently
focused on summer comfort, this house nonetheless
experienced occasional overheating according to its
occupant. This discrepancy between predicted and
actual performance highlights a potential limitation
of Part O. Notably, the bungalow’s restricted window
opening due to safety concerns and the occupant’s
physical limitations (difficulty reaching the kitchen
window handle), combined with the location of a
hot water cylinder in the hallway, exacerbated over-
heating, as confirmed by the occupant. It is essential
to recognize that hallways are typically excluded
from overheating assessments as transition spaces. A
crucial question is whether this hallway overheating
influenced temperatures in adjacent occupied rooms.
This factor should be considered in future research
to better understand the impact of hallway heat
sources on overall indoor comfort.

House UK54 is another case where the simplified
method produced inaccurate results. While house
UK54 met the minimum free area requirement in
the bedrooms, as this minimum is indicated in Part
O, it failed to meet the total minimum free area
requirement for the entire house. Despite this failure,
the data collected in this study showed that house
UK54 did not overheat possibly because the combi-
nation of the house’s north–south orientation, the
thermal mass exposure of the building, and the occu-
pants’ adaptive behavioural strategies, in particular the
window opening strategies to manage the temperature
– in line with advice provided in the UK heatwave
plan (Beat the Heat, n.d.) – helped to keep overheating
at bay. So, here we have a house that does not overheat
even if it falls short of the requirements imposed by
Part O.

In conclusion, the introduction of Part O represents
a significant step forward in preventing overheating in
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Table 8. Part O compliance check list for all case studies (simplified method).

Part O – Compliance checklist reference values UK51 UK52 UK54 UK55

Part 1 – Building details and declarations
1.1 Building and site details

Town Leicester Sandiacre York York
Proposed building use/type of
building

(a) residential dwelling/flat,
(b) residential institutional (school,

living accomodation)
(c) residential other (student

accomodation)

(a) residential dwelling –
because is retrofit,
it does not apply

(a) residential dwelling (a) residential dwelling (A) residential dwelling

Are there any security, noise or pollution issues? noise: residential street urban
noise closer (row of terrace
houses)

security: bungalow ground
floor

temporary pollution and noise
from nearby construction
works

not declared

Part 2 – Design details – Part 2a – Simplified method
2a.1 Site details

Site location High-risk/moderate risk area moderate risk moderate risk moderate risk moderate risk
Building category with cross ventilation/without cross

ventilation
with cross-ventilation with cross-ventilation with cross-ventilation with cross-ventilation

2a.2 Designed overheating mitigation strategy
(A) Maximum area of glazing (%

of floor area)
North 18 – 7.7%
East 18 5.7% –

South 15 – – 6.9% 9%
West 11 – –

(B) Maximum area of glazing in
the most glazed room (% of
floor area of the room) with
cross-ventilation

North 37 – 24.7%
East 37 38% –

South 22 – – 15.8% 28%
West 22 – –

(C) Shading strategy not appli-
cable as not high risk location

(a) external shutters with means of
ventilation

(b) glazing G-value max. 0.4
(c) overhangs with 50 degree alti-

tude cut-off on due south-
facing facades only

(a) no external shutters
(b) G-value 0.72
(c) no overhangs in south-

facing facades

(a) no external shutters
(b) G-value 0.57
(c) no overhangs in south-

facing facades

(a) no external shutters
(b) G-value 0.63
(c) partially overhangs with

50 degree altitude cut-
off on due south-facing
facades

(a) no external shutters
(b) G-value 0.63
(c) no overhangs in south-

facing facades

(D) Total minimum free area 9% of the floor area/55% of the
glazing area

4%/54% 6%/58% 8%/45% 6%/35%

(E) Bedroom minimum free area 4% of the floor area of the room 5%/3% 5% 11% 6%

Part 3 – Completion details
Has the residential building been constructed and completed according to
the specifications set out in Parts 1 and 2 of this checklist?

No Yes No No

Note: Shaded cells indicate criteria not required due to building type or site location. In red are the failed criteria.
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low-energy houses, since the requirement (1) provides
clear guidance on limiting solar gains and removing
excess heat and (2) considers other non-thermal fac-
tors that can impact occupant well-being, such as
acoustic comfort, security, and the urban heat island
effect. However, based on the case studies considered
in this research, it can be stated that, on the one
hand, Part O neglects at least some of the relevant
overheating-enhancing factors, like roof pods
(UK51), hot water cylinder placement (UK52), or sun-
spaces (UK55), and, on the other hand, it does not
account for elements (such as orientation and thermal
exposure of the house as well as the adaptive behaviour
of the occupants) that can mitigate the risk of
overheating.

Design considerations

In addition to the aspects already discussed in the pre-
vious section, there are some additional design con-
siderations that can be brought together as learning
points from these case studies. These considerations
explore whether the chosen designs could have
impacted the indoor temperatures.

Atypical architectural elements

1. Highly insulated roof pod (case UK51): The location
of the MVHR outlet extract (on the lower floor to
the roof pod) in combination with the warm roof con-
struction, may have contributed to stratification,
where warm air accumulates and becomes trapped
in the second-floor roof pod. This case emphasizes
the critical role of designers in considering the impact
of building layout, ventilation system design, and roof
type on thermal performance. This applies to both
newly built as retrofitted buildings where established
guidelines (or rules of thumb) are still evolving and
their use for home extensions should be carefully con-
sidered. Several recommendations can be made,
including equipping roof pods with a dedicated
extract system to improve ventilation, installing exter-
nal shading devices for roof pod windows to prevent
solar heat gain, and using low-G-value glazing.

2. Sunspace (case UK55): Originally designed to create
buoyancy and optimize natural ventilation, the sun-
space in this case was not used as intended. Instead of
its intended purpose, it functioned as a greenhouse
with no window opening, leading to the highest
recorded temperatures. This highlights the critical
need for designers to provide clear instructions (house
manuals) to occupants. To fully harness the symbiotic
relationship between building performance and

occupant behaviour inherent to low-energy homes,
such guidance must be integral to the design process.

Thermal mass
The case studies demonstrate the effectiveness of thermal
mass in providing resilience to high indoor air tempera-
tures, provided that it is combined with an adequate win-
dow opening strategy and solar control strategy. Case
UK54 exemplifies this successful combination. Here, the
occupants understood cooling techniques (unlike the occu-
pants of UK55). Additionally, house UK54 offered features
such as effective cross-ventilation and some solar control,
further facilitating cooling. What case UK54 shows, then,
is that, for optimal performance, thermal mass needs to
be paired with (a) occupant behaviour – i.e. window open-
ing at the coolest hours and (b) external shading. Conver-
sely, caseUK55, despite very similar building specifications
toUK54 (including exposed thermalmass), serves as a cau-
tionary tale, highlighting the severe overheating resulting
from the absence of these factors.

MVHR
The three cases that experienced overheating were all
equipped with MVHR systems but lacked a summer
bypass. These homes also lacked house manuals provid-
ing guidance on ventilative cooling strategies through
window opening. This could lead to misconceptions
about cooling homes (e.g. occupants in house UK55
believed ventilative cooling occurred via the MVHR).

Additionally, it is noteworthy that house UK52,
despite meeting Part O regulations, experienced over-
heating. While other factors contributed to this, the
absence of a summer bypass may have partially negated
occupant efforts to cool the home. This suggests a need
for further research into mandating summer bypasses in
MVHR systems under Part O regulations.

Secure and accessible windows
Part O rightly emphasizes the importance to secure the
possibility of window opening for effective heat
removal. However, case UK52 illustrates a potential pit-
fall. Thick walls and the placement of kitchen furniture
can make window opening difficult, or even, impossible
for some residents. This constitutes a lost opportunity
for purging heat and odours through ventilation that
designers need to address.

No external shading
The case studies are located in an area considered at
‘moderate risk’ according to Part O. Consequently,
there was no requirement for solar control measures,
such as (a) external shutters (b) glazing with a G-value
of 0.4 or lower and (c) overhangs with a 50-degree
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altitude cut-off. However, considering the overheating
experienced in some cases and considering a warming
climate, it might be advisable to revisit these require-
ments, using recent weather data, especially for new
and highly insulated homes in similar climates.

Conclusions

This paper investigates overheating in low-energy
homes in England. It employs a multi-method approach
for post-occupancy evaluation, combining monitored
data, standardized overheating assessments, and seaso-
nal occupant questionnaires. By integrating data from
these diverse approaches, the study reveals that each
element complements the others, filling gaps in the
overall understanding of overheating in low-energy
homes. Accordingly, this study is oriented to a prag-
matic philosophy that combines diverse approaches
valuing both objective and subjective knowledge. The
data analysis embraces an interpretivist perspective, as
it acknowledges the transactional relationship between
environment and behaviour, where occupants and
their surroundings are constantly interacting within a
dynamic reality, as defined by Takahashi (2000).

While the research has some limitations due to its
relying on a small number of case study buildings in
different locations, it also shows that CIBSE-TM52
assessment could underestimate overheating. In
addition, considering that occupancy (and its vulner-
ability) can change, it introduces the notion of ‘tempor-
ary vulnerable occupants’, which designers should
carefully consider when they assess the risk of overheat-
ing of the buildings they set out to design. The user per-
spective insights adopted in this study further shows
that the reliance on window opening evidenced by the
seasonal questionnaire provides an initial indication
that adaptive measures are enacted by occupants to
achieve comfort. Further research is needed to under-
stand the drivers behind window opening practices in
low-energy homes (thermal comfort, personal prefer-
ence, contextual factors, etc.).

In terms of methodology, taken as single methods, all
the overheating assessments, the seasonal question-
naires appear inconclusive (not statistically significant)
and intricate (reliability on responses). Nonetheless,
the integration of such methods enables one to appreci-
ate that low-energy homes are environments prone to
overheat (in certain contexts) and that building adaptive
capacities and human adaptive behaviour are key to
avoid present-day overheating. Accordingly, the results
should be considered a reasoned prediction of how the
different factors involved affect the overall phenomenon
of overheating in dwellings.

The use of roof pods as a solution to regain floor
space lost during deep retrofits constitutes an interest-
ing and potentially viable option for retrofitting a
large portion of the UK residential stock. However,
the consistent overheating in UK51-bed 2, despite
open windows, strongly suggests fundamental design
issues in the roof pod and ventilation design requiring
further investigation.

Finally, the retrospective examination of compliance
with the building regulation Part O suggests that the
new overheating requirements set by Part O may be
inadequate. The case studies reveal the limitations of
Part O in addressing specific factors, such as roof pods,
hot water cylinder placement, and sunspaces. Not only
does the standard’s exclusion of refurbished buildings
create a significant gap but also the discrepancies
between overheating assessments based on simplified
methods (like Part O) and real-world monitoring data
suggest a need for more nuanced approaches that may
be capable of considering factors beyond basic design
elements. While low-energy design is clearly needed,
this work demonstrates a deficit in the collective current
knowledge of design and management of low-energy
homes and, importantly, that it is crucial for occupants
to be given additional non-energy intensive means and
advice to keep the heat out and remove excess heat. Relat-
edly, thefindings of this study can be reasonably expected
to apply to other heating-intensive countries where simi-
lar strategies of low-carbon design are applied.
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HOUSE
CODE

location
HOBO

floor
level

location
HOBO

serial 1st
HOBO

variable
measured

log interval
(minutes) start log

set up at
home

battery
level

log duration
(days)

HOBO blinking
(yes/no)

Light covered
(yes/no)

Height
(Head, Chest,

mm)
Heat & Sun source

re location
Picture
taken

UK51 side gate 0 external 1272 666 air temperature 10 22/06/
2015
12.00

22/06/
2015
14.00

96% 1.5 years y above head n y

UK51 living room 0 front side 1272 651 air temperature 10 22/06/
2015
12.00

22/06/
2015
14.00

100% 1.5 years y head n y

UK51 kitchen 0 rear side 1272 638 air temperature 10 22/06/
2015
12.00

22/06/
2015
14.00

83% 65 y head n y

UK51 bed 1 1 front 1272 659 air temperature 10 22/06/
2015
12.00

22/06/
2015
14.00

100% 1.5 years y y head n y

UK51 lounge 1 rear side 1272 620 air temperature 10 22/06/
2015
12.00

22/06/
2015
14.00

70% 65 y above head n y

UK51 bed 2 2 throughout 1272 643 air temperature 10 22/06/
2015
12.00

22/06/
2015
14.00

96% 1.5 years y y head n y

UK55 hall 0 front side 1272626 air temperature 10 6/12/2015
12:00

12/06/
2015
19.00

100% 100 y head n y

UK55 kitchen 0 throughout 1272631 air temperature 10 6/12/2015
12:00

12/06/
2015
19.00

100% 100 y head n y

UK55 living room 1 throughout 1272635 air temperature 10 6/12/2015
12:00

12/06/
2015
19.00

100% 100 y head n y

UK55 bed 1 2 throughout 1272630 air temperature 10 6/12/2015
12:00

12/06/
2015
19.00

100% 100 y y head n y

UK55 office 1 front side 1272637 air temperature 10 6/12/2015
12:00

12/06/
2015
19.00

100% 100 y head n y

UK55 bed 2 2 throughout 1272657 air temperature 10 6/12/2015
12:00

12/06/
2015
19.00

100% 100 y y head n y

UK55 sunspace 2 throughout 1272628 air temperature 10 6/12/2015
12:00

20/06/
2015
12.00

100% 100 y above head n y

UK54 office 1 front side 1272664 air temperature 10 6/12/2015
12:00

12/06/
2015
15.00

63% 100 y head n y

UK54 bed 3 1 front side 1272662 air temperature 10 6/12/2015
12:00

100% 100 y y waist n y

(Continued )
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Continued.

HOUSE
CODE

location
HOBO

floor
level

location
HOBO

serial 1st
HOBO

variable
measured

log interval
(minutes) start log

set up at
home

battery
level

log duration
(days)

HOBO blinking
(yes/no)

Light covered
(yes/no)

Height
(Head, Chest,

mm)
Heat & Sun source

re location
Picture
taken

12/06/
2015
15.00

UK54 bed 1 2 throughout 1272669 air temperature 10 6/12/2015
12:00

12/06/
2015
15.00

83% 100 y y waist (100
cm)

n y

UK54 external 0 external 1272668 air temperature 10 6/12/2015
12:00

12/06/
2015
15.00

90% 100 y knee n y

UK54 bed 2 1 rear side 1272667 air temperature 10 6/12/2015
12:00

12/06/
2015
15.00

90% 100 y y waist high
(120 cm)

n y

UK54 bed 1 3 throughout 1272627 air temperature 10 08/10/
2015
12.00

13/08/
2015

43 n y waist high
(120 cm)

n

UK52 living room 0 front side 1164623 air temperature 10 6/30/2015
12:00

6/30/2015
12:00

100 362 y Y waist (100
cm)

n Y

UK52 hall 0 throughout 1272641 air temperature 10 6/30/2015
12:00

6/30/2015
12:00

100 362 y Y head n Y

UK52 kitchen 0 front side 1272634 air temperature 10 6/30/2015
12:00

6/30/2015
12:00

100 362 y Y above head n Y

UK52 bed 2 0 rear side 1272670 air temperature 10 6/30/2015
12:00

6/30/2015
12:00

100 362 y Y above head n Y

UK52 bed 1 0 rear side 1272650 air temperature 10 6/30/2015
12:00

6/30/2015
12:00

100 362 y Y above head n Y
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