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Summary

• ASHRAE research project 1837-RP on “The effects of 
ventilation in sleeping environments“

• Launched on October 1, 2019

• Partners: Technical University of Denmark and 
JiaoTong University, China

• Duration: 36 months (extension granted)

• Completion: April 30, 2023 (new date)

• Funding: US$ 230,541 (ASHRAE), US$366,541 (total)
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Promised activities (in a nutshell) 

• Summary of standards defining bedroom conditions

• Summary of literature on ventilation and sleep quality

• Cross-sectional studies in bedrooms to characterize 
ventilation conditioms

• Intervention studies in bedrooms

Specific aim
• Amendment to ASHRAE Standard 62.2 ” Ventilation 

and Acceptable Indoor Air Quality in Residential 
Buildings”

Additional studies (extensions)

• Survey of bedroom conditions (prior to and 
after the COVID-19 lockdown)

• Laboratory studies on the effects of 
ventilation, pure CO2, temperature and 
ventilation noise on sleep quality

• Examining bedroom and door opening 
behavior

• Estimation of CO2 generation rate for sleeping 
people (young adults and elderly)

• Estimation of emission rates of bioeffluents 
from sleeping people using PTR-MS-TOF

• Comparison of performance of different sleep 
trackers against polysomnograph (PSG)
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Review of literature and standards

Summary of studies examining the 
effects of ventilation on sleep quality 

• Scanty information on whether the reported ventilation rates 
would disturb sleep quality

• <750 ppm bedroom CO2 undisturbed sleep quality range
• >2600 ppm bedroom CO2 disturbed sleep quality range with 

possible reduced next-day cognitive performance
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Laboratory experiments

Laboratory setup, the sleeping capsule
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Estimating the emission rate of CO2

• CO2 emission rates of sleeping people is 
around 11 L/h, 40% lower than the emission 
rates when awake. Fairly constant across 
studies.

Implications

• Current evidence 
suggest the rates 
above 10 L/sp (CO2

levels below 750 
ppm) will ensure 
undisturbed sleep
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The effects of ventilation and 
temperature on sleep quality
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• Both elevated temperatures and poor air 
quality increase sleep onset latency 
(more time needed to fall asleep)

The effects of ventilation and 
ventilation noise on sleep quality

• Poor ventilation resulted in reduced sleep 
quality measured objectively by 
polysomnography.

• Ventilation noise was perceived as less 
acceptable and could be shown objectively 
to have disrupted sleep, effectively 
cancelling the positive effects of improving 
the ventilation

• Occupants are expected not to operate 
ventilation as intended in bedrooms if 
ventilation noise is too high

• Any potential sources of noise should be 
eliminated
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Field experiments:
surveys, cross-sectional and 
interventions

The survey in Danish bedrooms, contd

• Mechanical 
ventilation in 
bedrooms reduce 
disturbance to sleep 
caused by stuffy 
and too cool air; the 
more disturbances 
to sleep (and the 
more objects in 
bedrooms being 
potential sources of 
pollution) the 
poorer sleep quality
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Massive online questionnaire survey 

• in the capital region of Denmark. 

• impact of the COVID-19 pandemic on 

bedroom environment and sleep changes 

January to March 2020

Before the 1st lockdown
517 people responded

182 people responded

March to April 2021

After the 2nd lockdown

The effects of the COVID-19 lockdown 
on bedroom use and sleep quality

• More stress and new 
working style

• No changes to sleep 
patterns

• Bedroom converted to 
office

• Around 40% ventilated 
bedrooms more often

• Got up later and went to 
bed later

• Around 33% felt their sleep 
quality decreased

The survey in Chinese bedrooms

• Subjectively assessed sleep quality 
was significantly affected by heat in 
transitional season, cold, heat and 
noise in the summer, cold, heat, 
dryness and noise in winter

• Sleep quality was significantly 
correlated with decorations in the 
bedroom; presence of a plant 
increased the risk of poor subjectively 
rated sleep quality

• Outdoor surroundings including 
highway, railway track, active airport 
decreased subjectively assessed sleep 
quality

• The sleep quality of respondents with 
ventilation time longer than 15 min 
was significantly improved

• Sleeping with door opened was 
considered to improve sleep quality
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Measurements during field studies

A week-long cross-sectional study, DK

• Sleeping with either windows or doors open was 
associated with improved subjectively rated sleep 
quality

• Poor perceived air quality was associated with 
decreased subjectively rated sleep quality

• Higher mean CO2 levels were associated with 
increased drop in skin temperature during sleep

• A higher drop in skin temperature was associated 
with increased fraction of deep sleep
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A week-long cross-sectional study, PRC

• The sleep quality of females in households was 
slightly better than that of males; females had a 
slightly higher slow-wave sleep and sleep efficiency

• Compared to males, air temperature and CO2

concentration (ventilation) had a greater impact on 
the sleep quality of females, whereas noise level  
had a lower impact

• Slow-wave sleep was negatively correlated with air 
temperature and CO2 concentration, and sleep 
efficiency was significantly negatively correlated 
with noise level

• During the sleep period, the most comfortable air 
temperature and relative humidity were estimated 
to be 24.8°C and 64%

Window/door opening in bedrooms, 
intervention study, DK

• CO2 decreased with both window and 
door open, but only open window 
improved perceived air quality.

• Objectively measured and 
subjectively rated sleep quality 
improved only when window was 
open
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Summary conclusions

Take-home messages, tentative

• Ensure adequate bedroom ventilation; revise ventilation standards to bring the 
focus on bedroom ventilation

• Keep CO2 below 700-800 ppm (best), 1100-1200 ppm (as a minimum)
• Use outdoor air (if not polluted and warm); door opening to bedroom brings little 

or no benefit for sleep quality
• Quiet mechanical ventilation systems are essential in bedrooms as otherwise the 

benefits for sleep quality are cancelled; recommended airflow rate is 10 L/s per 
person independently of age

• Avoid sources of pollution in bedrooms
• Avoid elevated temperatures; it is difficult to fall asleep and to stay asleep when 

the bedroom is too hot 
• Sleep quality seems to be enhanced when bedroom temperatures are warm 

when falling asleep and when waking but cool in between 
• There is no single temperature that is ideal at all stages of the night

• The quantitative effect on next-day performance still unknown
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