Residential Buildings Committee (RBC) Residential Issue Brief:

Ventilation, IEQ and Sleep Quality in Bedrooms
The Issue
Sleep is essential for health and well-being. We spend a major part of our life at home, about a third in
bedrooms, which gets much higher for vulnerable populations like babies and the elderly. This holds
even greater significance in lockdowns, as evidenced during the unprecedented COVID-19 global
pandemic. As a general principle, sleep hygiene recommendations tend towards maintaining a cool,
dark and quiet sleeping environment. A 2018 review attempted to define environmental conditions in
sleeping environments for optimal sleep quality and proposed temperature and humidity ranging
generally between 17-28 °C and 40-60% RH, all forms of noise being less than 35 dB, complete darkness
and avoidance of blue light immediately before and during sleep, ventilation using sea-level air quality,
and passive design using architectural features to incorporate the above elements into bedroom design
(Caddick et al., 2018).
Based on a systematic literature review, the National Sleep Foundation expert panel, whilst noting that
there were no tools or measures of sleep satisfaction applied to the general population and directly
associated with good health, made some significant determinations concerning sleep quality: (a)
Appropriate sleep satisfaction elements include how an individual feels about their sleep, immediately
after their sleep, and during the subsequent day; (b) Sleep environmental factors include bedding
comfort, bedroom temperature, noise and light; (c) Sleep initiation entails the time taken to fall asleep;
(d) Maintenance parameters include the ease with which one falls back to sleep after awakening during
a sleep period, amount of sleep on all days, and undisturbed sleep (Ohayon et al., 2018). A quality sleep
for rejuvenation, good health and well-being to each of us is much more than just finding a bed and a
place to sleep. Increasingly, in a fast-paced urbanized world, this is not easy to come by.
Sleep architecture is an important measure of the sleep quality and refers to the basic structural
organization of normal sleep. There are two types of sleep, non-rapid eye-movement (NREM) sleep and
rapid eye-movement (REM) sleep. NREM sleep is divided into stages 1, 2, 3, and 4, representing a
continuum of relative depth and each has unique characteristics including variations in brain wave
patterns, eye movements, and muscle tone.
Another recent review observed inadequate bedroom ventilation, poor IAQ and inadequate ventilation
standards in many parts of the world and reported mean bedroom CO2 concentrations ranging between
approximately 430 ppm and 2600 ppm, and the mean bedroom air change rates from 0.2 to 4.9 h-1
(Sekhar et al., 2020). The measured results suggested that the ventilation rates were lower during
heating seasons, especially in naturally ventilated bedrooms as well as bedrooms where air conditioning
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(with or without mechanical ventilation) was in operation. It was additionally observed that bedroom
temperatures were lower during heating seasons. There is scanty information on whether the reported
ventilation rates would disturb sleep quality. A few studies that have been performed suggest that sleep
quality will not be negatively affected when bedroom ventilation rates are such that CO2 levels remain
below 750 ppm, while ventilation rates allowing CO2 to increase about 1,150 ppm can disturb sleep
quality and above 2,600 ppm can additionally reduce the next-day cognitive performance. Several air
pollutants in bedrooms, such as PM2.5, could typically exceed the limit values established by guidelines
or legislation, indicating that an effort should be made to minimize human exposure to air pollutants
(Canha et al., 2021). Thermal, ventilation and IAQ requirements in standards and guidelines are
inadequate and rarely have specific requirements for bedrooms (Sekhar et al., 2020). Consequently, our
bedroom environments are far from ideal when it comes to thermal comfort and IAQ optimal for sleep.
There are several studies that described thermal comfort, ventilation, IAQ and sleep quality in various
climatic conditions. They pertain to thermal comfort related behavioral adjustments, ventilation types
and benefits of window/door opening towards improved air change rates and IAQ [CO2, PM2.5, VOC and
others] and bed environmental control involving local body cooling (Wang et al., 2021; Mishra et al.,
2018; Liao et al., 2021; Akimoto et al., 2021; Sekhar et al., 2020; Algarni et al., 2021; Lan et al., 2018).
Analogous to non-residential buildings where a trained professional Facilities Management (FM) team is
responsible for ensuring optimal thermal comfort and IAQ for the health and well-being of occupants, it
can be argued that residential buildings in general with the exception of elderly/nursing homes and
social housing, and bedroom environments in particular, are left solely to the limited actions of the
untrained and less knowledgeable individual users to bring about behavioral adjustments for their
thermal comfort and IAQ.
Noise in bedrooms can be the result of technical systems such as noisy ventilation or air-conditioner, as
well as can be transmitted between rooms or from outdoors especially when windows are kept open to
ensure proper ventilation. Sleep can be significantly disturbed, both in terms of physiological and selfreported measures, during nights with noise levels exceeding 45 dB (Smith et al., 2019). There are a few
studies that show associations between various night-time noise exposure indicators and sleep quality
(Meng et al., 2020; Bartels et al., 2021; Roosli et al., 2019). Nocturnal aircraft noise exposures decrease
the objective quality of sleep parameters both for noise levels and the number of noise events, such as
those exceeding a given threshold (Nassur et al., 2019). White noise is purported to mask disruptive
noises in the bedroom environment and be a non-pharmacological approach for promoting sleep and
improving sleep quality (Ebben et al., 2021). However, a systematic review examining the relationships
between continuous white noise or similar broadband noise and sleep (PROSPERO 2020:
CRD42020148736) described sleep onset latency, sleep fragmentation, sleep quality, and sleep and
awake durations as the primary outcomes (Riedy et al. 2021). Bedroom noise is also an issue with
vulnerable populations involving elderly and patients with psychiatric and advanced cancer treatments
(Desaulniers et al., 2018; Veale et al., 2020; Bernatchez et al., 2020). Noise is an easily identified
environmental parameter that most people can relate to, and given the opportunity in a bedroom
environment, would inevitably intervene through personal behavior to eliminate or minimize the noise
level, such as closing the windows to cut down sound transmission from the exterior.
Light has dramatic effects on sleep, influencing circadian rhythm, melatonin production, and sleep cycles
(Suni, 2020). Daily light exposure, including the type of light we see as well as when and how long we are
exposed to it, has a critical effect on sleep. The bedroom environment must be as dark as possible and
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devoid of electronic devices to improve sleep quality. In a study involving Israeli adults, it was found that
excessive exposure to digital media devices at night-time was associated with longer sleep latency and
decreased sleep hours (Green et al., 2018). In vulnerable groups, such as elderly population, higher preawake light (PAL) exposure was found to be significantly associated with a higher prevalence of sleep
disturbances, independent of post-bedtime light exposure (Obayashi et al., 2019). Light, too, is
generally an easily identified environmental parameter for which individual users can bring about
personal interventions to create the optimal condition in the bedroom environment, such as drawing
the curtains to eliminate visual discomfort due to external lighting and switching off the lights in the
bedroom.
A recent COVID-19 related multi-disciplinary literature review involving peer-review papers from
environmental psychology, building science and architecture relevant to quality of life in urban high-rise
housing, and relevant newspaper and magazine articles involving COVID-19 impact on housing,
identified synergies between passive design strategies and health-enhancing architecture or “restorative
environmental design” principles (Peters et al., 2021). Among other findings of this study, bedroom
design for restful sleep that contribute to circadian regulation and rooms with better indoor air quality
focusing on natural ventilation, are noteworthy.
A peaceful night’s sleep is vital for the next day’s productivity and lower productivity is an economic
loss. In an article for the NIH, Don-Wook, et al. describes Health Related Productivity Loss (HRPL) “The
most important health conditions in order of their magnitude of induced burden of productivity loss
were fatigue, neck or shoulder pain, insufficient sleep, back pain, headache, common cold and flu,
insomnia, anxiety and diarrhea or constipation (Lee et al., 2021).” The effects of sleep loss can be
measured by absenteeism, decreased worker productivity, and economic costs (Hafner et al., 2017).
According to Haffner: “With the evidence on the economic consequences of sleep loss and disorders
being limited so far, there is an acute need for systematic analyses of the economic impacts of
insufficient sleep, particularly given some evidence of rising rates of insufficient sleep worldwide.”
It is apparent from the above discussions that typical studies involving bedroom environmental
conditions and sleep quality have focussed on thermal and IAQ, noise and light parameters in a unidisciplinary approach rather than a preferred multi-disciplinary approach. Factors, such as outdoor air
quality, climate, mechanical or natural ventilation, air-conditioning, external and internal noise and light,
building typology and occupant behaviour, are not mutually exclusive and are more likely than not to be
confounders towards sleep quality in any part of the modern world. Unlike during the awake state in
most indoor environments, a person during the sleep state is a “passive participant” who would have no
ability to manipulate the bedroom environment.
A vast majority of the people in the tropical belt in countries such as China, India, South Africa and Brazil
live in single-family or multifamily dwellings that are naturally ventilated with limited control of their
bedroom IEQ, or worse still, without natural or mechanical ventilation. As discussed earlier, an
uninformed and less knowledgeable user may not be able to address these confounding effects in an
optimal manner. For example, to mitigate external sound transmission into the bedroom, the user may
close the windows, an action that would inevitably lead to inadequate ventilation causing thermal
discomfort and poor IAQ issues. Such an action could potentially lead to forced use of air-conditioning in
certain climates, such as the tropics, that has clear energy implications.
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The primary issue is the lack of a holistic approach to IEQ, sleep quality and energy in different types of
residential buildings across different climates and socioeconomic realms. This could be further classified
as follows:
1. Lack of an integrated assessment of bedroom IEQ and sleep quality
2. Lack of adequate resiliency features in residential buildings to respond to bedroom IEQ in the
event of natural or manmade adverse events (wildfires, poor ambient air quality, pandemics)
3. Lack of awareness of IEQ, sleep quality and energy in the global society at large
What does this mean for ASHRAE?
Approximating ideal sleeping conditions is a challenge in real-world situations. Even compromises to
approach those conditions are difficult. Tighter housing allows much greater interior environmental
control of air movement, noise, temperature, humidity, and filtration, but the skills, knowledge, and
understanding of these elements must be combined and approached as a comprehensive system and
not fragmented by specialists.
ASHRAE, with an international profile of multidisciplinary technical experts, is uniquely poised to provide
guidance on the passive and active design features of bedrooms in residential buildings and their
operational performance including the operation and maintenance of heating, ventilating, and airconditioning systems. The fundamental value ASHRAE can provide through this collaborative effort is to
help occupants of diverse socioeconomic status, life stages, and health conditions across the world to
obtain optimal sleep quality for their comfort, health, well-being, and productivity.
The 2021 ASHRAE Research Strategic Plan (ASHRAE 2021) supports moving toward greater involvement
in the important area of bedroom environmental quality and sleep quality. For “needed research” the
plan calls for:
1. “Development of markers and systems for rating health, comfort and well-being, cognitive
performance, and sleep quality.”
2. “Identification of relevant pollutants and ventilation requirements—both under normal
conditions and during extreme events—based on various criteria that consider health, comfort,
cognitive performance, and sleep quality, as well as the requirements for vulnerable groups.”
The recommended initiatives in the next section of this document suggest ways of reaching these goals.
The Role of ASHRAE
ASHRAE has the ability to provide guidance and evidence-based information regarding the various
factors involved in a restful sleeping environment, thereby increasing the overall health and productivity
of occupants and raising awareness of this important topic globally. As a recognized authority for
developing standards and guidelines, ASHRAE has demonstrated the capability to evaluate the
effectiveness of design measures for new and existing buildings in a systematic manner. ASHRAE, as a
leading global HVAC organization, can help improve long-term occupant health and productivity, within
the context of a holistic approach to the sleep environment.
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Using its well established technical and educational resources, ASHRAE should consider the following
actions:
1. Initiate actions to define IEQ in sleeping environments optimal for sleep and revise standards
that specifically describe conditions in bedrooms.
2. Support research to evaluate the effectiveness and interactivity of the elements of bedroom
IEQ, focusing on enhanced human health and productivity. RBC should coordinate research
proposals with appropriate ASHRAE committees and its partner residential organizations
3. Review and develop appropriate carbon-neutral engineering interventions and operational
recommendations across different climate zones and socioeconomic realms in both naturally
and mechanically ventilated buildings to enhance the bedroom sleeping environment by
examining
• IAQ and ventilation in bedrooms
• The impact of temperature, noise, and light in bedrooms
• The interactivity of the elements for healthy IEQ in bedrooms, including
 Passive/active ventilation and thermal comfort, noise, and light
 Heating/cooling equipment and ventilation
 Air filtration and noise
4. Collaborate with other professions and organizations in the bedroom design/sleep quality
process. The role of architects and engineers in multifamily dwellings needs to be enhanced in
appreciation of the importance of the bedroom IEQ and sleep quality. Additionally, because
architects and engineers are less likely to be involved in the design and renovation of singlefamily, detached dwellings, as compared with multifamily buildings, effective methods must be
found to transfer this important knowledge to the single-family housing sector.
5. Modify and evaluate existing, or develop new, ASHRAE Standards and Guidelines to address
enhanced occupant health in bedrooms, including possible new requirements in ASHRAE
Standard 62.2.
6. Develop a new chapter in ASHRAE Fundamentals on this topic, stressing engineering solutions
and including the elements of thermal comfort, noise, light, ventilation, and IAQ as they impact
sleep quality, long-term health, and productivity.
7. Develop related educational materials for engineering professionals, HVAC technicians, and the
public. RBC should coordinate efforts with appropriate ASHRAE committees and its residential
partner organizations.
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