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AGENDA: 

• IEQ & Health in schools
• Climate change & IEQ 
• IAQ, health, and academic 

performance
• Other issues

 

• Questions and answers
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Indoor Environmental Quality in buildings is influenced by



Does Climate change influence IEQ? 



Does Climate change influence IEQ in schools? 



Adaptation strategies in HVAC design

1. Building & Surrounding area
2. Heat mass & PCM
3. Isolation & Airtightness  
4. Ventilation & Airspeed
5. Windows & Shading
6. Heat production from people & Appliances
7. Expectations & Experiences
8. Behavior and personal control 
9. Active cooling

https://www.rehva.eu/rehva-journal/chapter/indoor-air-quality-and-thermal-environment-in-classrooms-with-different-ventilation-systems 

https://www.rehva.eu/rehva-journal/chapter/indoor-air-quality-and-thermal-environment-in-classrooms-with-different-ventilation-systems


1. Building and surrounding area (1)

https://en.wikipedia.org/wiki/Urban_heat_island 

Green roofs in Philadelphia, USA 

Street transformation elsewhere in 
the Netherlands

https://en.wikipedia.org/wiki/Urban_heat_island


1. Building and surrounding area (2)

M. Košir: Bioclimatic Strategies—A Way to Attain Climate Adaptability, 2019



2. Heat mass and PCM

M.A. Wahid, et.al.: 
An overview of phase change materials for construction architecture thermal management in hot and dry climate region, 2017

Uçhisar castle, Turkey  

A tent



3. Insulation and airtightness 

https://en.wikipedia.org/wiki/Building_airtightness 

https://en.wikipedia.org/wiki/Building_airtightness


4. Ventilation and air speed

Lipczynska, et.al.: 
Thermal comfort and self-reported productivity in an office with ceiling fans in the tropics, 2018

The Wind Catchers of Yazd, Iran

A standard ventilation system A window with night ventilation grill Ceiling fan



5. Windows and shading

http://www.fsec.ucf.edu/en/consumer/buildings/homes/windows/shading.htm 

https://en.wikipedia.org/wiki/Window_tax


6. Heat production from people and appliances 



7. Expectations and experiences



8. Behavior and personal control



IAQ in Schools

IAQ

1. LOCATION

Climate
Regional & local 

conditions 
(outdoor air 
quality, soil)

2. BUILDING

Year and type of 
construction 

Materials
Air tighthness

3. OPERATION 
AND 

MAINTENANCE 

HVAC, cleaning

4. OCCUPANTS

Use
Perceived 

indoor climate



How to improve IAQ, health and learning?

• Existing schools have limited possibilities for source 
control (building site and type are already “fixed”)

• Some principles and examples
– Lead by knowledge
– Research based pollutant reduction, control and 

management
▪ Mold remediation
▪ Filtration & air cleaning
▪ Ventilation
▪ Cleaning
▪ Pollutant “avoidance”
▪ Monitoring and feedback
▪ Developing policies (classroom, school, district & national level)

– Successful renovation: a research-based example



Monitoring of IEQ in Schools (WHO, 2015)

• At the 5th Ministerial Conference on 
Environment and Health (2010), 
Member States of the WHO European 
Region made time bound 
commitments to provide healthy 
environment in children’s facilities 
ensuring that they are tobacco smoke-
free, implementing WHO indoor air 
quality guidelines, providing access to 
proper sanitation, and enabling 
children to walk and cycle to schools

• WHO coordinated the development of 
a standardized school survey 
methodology for monitoring progress 
towards these goals

• Pilot surveys completed to test 
protocols, evaluate necessary 
resources and costs, and produce 
preliminary data on exposures

Parameter or type of data Data collection method

General characteristics of 
school building, student 
population

Interview with school 
administration,
inspection of school

Ventilation rate CO2 data loggers, occupancy diaries

NO2 Passive Gradko samplers

Formaldehyde Passive Radiello samplers

Benzene Passive Radiello samplers

Exposure to mold and 
dampness

Visual inspections; surface moisture 
measurements

Access to properly 
maintained and serviced 
sanitation facilities

Inspection of sanitation facilities,
questionnaire for pupils

Parameters assessed in the pilot surveys

WHO report on school environment: policies and current status. Complied and edited 
by Andrey Egorov, WHO European Centre for Environment and Health, Bonn, Germany 
(2015). http://www.euro.who.int/en/media-centre/events/events/2015/04/ehp-mid-term-
review/publications/the-school-environment-policies-and-current-status/_recache 

http://www.euro.who.int/en/media-centre/events/events/2015/04/ehp-mid-term-review/publications/the-school-environment-policies-and-current-status/_recache
http://www.euro.who.int/en/media-centre/events/events/2015/04/ehp-mid-term-review/publications/the-school-environment-policies-and-current-status/_recache
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Lead by knowledge (starting from background information)
IEQ in Finnish elementary schools:
• Questionnaire responses from 1152 elementary school principals (response 

rate 40%)
– Inadequate ventilation, 38% (see corresponding measurement data from a sub-sample of schools)
– Moisture problems, 27%
– Unsatisfactory temperature, 11%

• These school level IEQ indicator variables could explain a large part of the 
school level variation observed in the self-reported upper respiratory 
symptoms among students (Toyinbo et al. 2016)
– Improving these conditions in Finnish schools should be effective

• Can the same principles be applicable in your projects?

Measured ventilation rates [l/s per person] in 
108 classrooms

70% of the variation in 
occurrence of symptoms 

A total of 54% of the variation 
in number of symptoms



Mold remediation

Prevalence of dampness and mold based 
on Hitea study

• Minimum estimates for prevalence of moisture 
problems in school buildings are 20% in the 
Netherlands, 41% in Spain, and 24% in Finland

• The occurrence and severity may vary across 
geographical areas, which can be partly 
explained by building characteristics

• Avoidance or remediation of damp and mold 
problems in school buildings may benefit pupils’ 
respiratory health

Haverinen-Shaughnessy et al. 2012, Borras-
Santos et al. 2013, Jacobs et al. 2014



Filtration and air cleaning
Is it possible to clean indoor air: leaky vs. airtight buildings?



23

Early US study on association between sub-standard classroom ventilation rates and  students’ 
test scores

Haverinen-Shaughnessy et al. Indoor Air 2011

Ventilation & academic performance

Results of a 100-school study suggest linear association 
between sub-standard ventilation rate and AP



Partial effect of ventilation rate on mathematics score for 
indoor T below and above 23 oC (73oF). 
Haverinen-Shaughnessy U, Shaughnessy RJ (2015) Effects 
of Classroom Ventilation Rate and Temperature on 
Students’ Test Scores. PLOS ONE 10(8): e0136165. 
https://doi.org/10.1371/journal.pone.0136165
https://journals.plos.org/plosone/article?id=10.1371/journal.p
one.0136165

Ventilation & thermal conditions may interact
An additional challenge in certain climates?

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0136165
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0136165


Ventilation and illness absence

• Several review articles have 
conclusively associated with 
decreased respiratory 
health and attendance (e.g., 
Sundell et al., 2011, Carrer et 
al., 2015, Luongo et al., 2015) 

• Since the COVID-19 pandemic, 
several reviews have also 
emphasized the critical importance 
of enforcing effective ventilation 
strategies, especially during 
pandemics, to mitigate the spread 
of infectious diseases (e.g., Ding et al., 
2022; Ferrari et al., 2022; Jendrossek et 
al., 2023) 



Cleanliness

• Inadequate cleaning leads to 
accumulation of dust and 
non-visible ecological niches, 
which can promote 
biological contaminants 
including viruses



Surface cleaning

• A statistically significant association 
was found between the probability of 
weekly absence due to gastrointestinal 
illness and desktop ATP levels
– With respect to cleaning effectiveness, critical 

points to consider include frequency of cleaning of 
different surfaces (e.g., high touch surfaces), 
training the custodians and school personnel, as 
well as monitoring and feedback

• Microorganisms on the desks can come 
from prior occupants of the desk or by 
settling from the classroom air
– Ventilation may also play a role

Association between weekly 
probability of absence due to 
gastrointestinal illness and school 
level average LgATP. Shaughnessy 
et al., 2022

https://doi.org/10.1038/s41370-022-00427-8
https://doi.org/10.1038/s41370-022-00427-8


Pollutant avoidance

• Materials / products / emissions 
• Pets, plants (positive / negative effects)
• Other occupants?

Contact duration distribution in 
a Finnish daycare



Monitoring and feedback

Heat maps based on IEQ monitoring results

•New technology enables high resolution monitoring and automatized 
feedback

-> Towards more “personal” IEQ 

Heat map based on an 
occupant time consumption

Win Shwe et al. In: Proceedings of Indoor Air 2024 conference



An example
School District Wide Renovations, Indoor 

Environmental, Quality & 
Illness absence

Ulla Haverinen-Shaughnessy
Mark Hernandez

Richard Shaughnessy



Research Summary

⁓$600M bond 

renovation program

50+ schools

Significant 
upgrades:

HVAC & Cleaning

Energy conserve

Measurements pre/post:

Thermal conditions: T, RH

Estimated VR: CO2

Surface   
biocontamination on 

desktops: ATP  

Data included: 

Absenteeism due to 
illness

Socioeconomic 
characteristics 

1217 school days

45,428 students 

Data provide high 
statistical power to assess: 

Changes in indoor 
environmental quality 

Association with absence 
due to illness



School level average IEQ parameters

Descriptive statistics of school level average IEQ variables before and after renovation

Before renovation After renovation

Mean (Min-Max), SD Mean (Min-Max) SD

Peak CO2 [ppm] 1141 (665-1853), 307 881 (557-1498), 202

Ventilation rate [L/s-person] 3.15 (1.38-8.86), 1.61 5.15 (2.10-15.45), 2.89

Indoor T  [oC] 21.69 (20.10-23.53), 0.81 21.59 (20.47-22.80), 0.59

Indoor RH [%] 29.92 (23.03-38.63), 4.15 24.61 (14.93-36.30), 5.03

Log (ATP*) pre-cleaning [*RLUs] 5.55 (4.38-6.07), 0.30 5.22 (4.50-5.72), 0.25



Number of days absent per school year

Student level analyses established statistically 
significant associations between number of days 
absent and renovation status
• Number of days absent per school year due to RI 

and GI were lower after renovation;

In addition: 
• Higher number of days absent due to RI 

associated with lower VR, and higher indoor T & 
RH

• Higher number of days absent due to GI 
associated with higher indoor T, RH, and lgATP



Conclusions

• Ventilation rates were significantly increased and 
biocontamination levels decreased  after 
renovations

• Decreased number of days absent due to RI and 
GI associated with improved VR, cleanliness, and 
thermal conditions

• The results support maintaining good IEQ for 
better school health and reduced absence due to 
illness

• Continuous monitoring and feedback helped to 
reach and maintain target levels

What are the target levels in your project? How do you measure the success?



Summary

• Indoor environmental quality (IEQ) is frequently 
compromised in schools worldwide

• Growing evidence linking poor IEQ in the classrooms 
to student health and academic performance

• Education sector has a large potential for health and 
sustainable development, leading by example in 
providing healthier and more productive 
environments for children and adolescents while 
reducing its carbon footprint
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The main factors of Indoor Environment Quality

Daylight factor: WFR: 15%; WWR: 
30%
Artificial light: 300 lux

Operative temperature:
Winter: 19 – 22 oC
Summer: 24 – 27 oC

Installation noise: 35 dB

CO2 concentration: 800 – 1200 ppm



Senses & IEQ
People feel comfort or discomfort in buildings with 4 from their 5 senses

SIGHT – Lighting comfort – intensity of 
light (illuminance), color of light…

TASTE

TOUCH – Thermal 
comfort – 
sensing 
temperature and 
humidity

HEARING – Acoustic comfort – noise 
level, reverberation time…

SMELL – Indoor Air Quality – tobacco 
smoke, VOCs (e.g. chemicals 
evaporating from used materials)…



Thermal comfort – adaptive model
‘When a change occurs causing thermal discomfort, people react in such a way that their thermal comfort is re-established.’

https://www.rehva.eu/rehva-journal/chapter/applications-of-the-standard-en15251-
for-indoor-environmental-quality 

https://www.sciencedirect.com/science/article/pii/S0378778805000460 

Source:

https://comfort.cbe.berkeley.edu/EN 

https://www.rehva.eu/rehva-journal/chapter/applications-of-the-standard-en15251-for-indoor-environmental-quality
https://www.rehva.eu/rehva-journal/chapter/applications-of-the-standard-en15251-for-indoor-environmental-quality
https://www.sciencedirect.com/science/article/pii/S0378778805000460
https://comfort.cbe.berkeley.edu/EN


• Amount of light on task (Illuminance)
• Brightness (Luminance)
• Glare
• Contrast

• Color of light (CRI and CCT) 
• Luminance distribution and Adaptation
• View

Visual comfort & wellbeing

https://www.sciencedirect.com/topics/engineering/solar-position 

https://www.sciencedirect.com/topics/engineering/solar-position


Sound in the indoor environment

Key aspects in acoustic design:

• Sound insulation

• Sound absorption/reflection in the room



Deadline for 
Submission
28 Feb 2025



Competition challenges & focus points

CHALLENGE MAXIMUM 
POINTS

Architecture, engineering, and construction 25

Energy performance 25

IEQ and health

35

Thermal comfort - 30%

IAQ - 30%

Lighting - 30%

Acoustics-Noise - 10%

Affordability and viability 10

Innovation 5

TOTAL 100

HBDC objectives: 
• Health, Comfort, 

Sustainability, and 
Resilience  

• Optimal Learning 
Conditions

• Quality of Life and 
Wellbeing



Main points in the Design brief: 

For the IEQ & Health, focus on:

• Indoor Air Quality: exposure to bioeffluents/CO2, fine particles, chemicals, etc’
• Thermal comfort (operative temperature)
• Daylight Factor (solar shading, windows,…) 
• Noise & sound

+ INNOVATION
• Out of the box indoor climate concepts
• Advanced lighting solutions
• New hybrid ventilation approaches



Next Webinar:

• 11 December 2024

If you haven’t already, register for the next ones



Any questions? 
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