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The Impact of CO2 on Children’s Learning

Between an iceberg and a hard place
Since the first Industrial Revolution in the late 18th century, the concentration
of carbon dioxide in the atmosphere has risen dramatically.
Rising CO2 concentrations have a major impact on both the outdoor and indoor environment.
To reduce carbon emissions, buildings have been made more air-tight, making them more
energy efficient. But this is a double-edged sword; with inadequate ventilation, an air-tight
room will suffer from poor air quality and a high CO2 concentration. Therefore, we find
ourselves between an iceberg and a hard place.

CO2 concentration is measured in parts per million (ppm),
indicating how many of every 1,000,000 particles of air
are made up of CO2.
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The impact of CO2 in classrooms
The impact of CO2 can be deceiving at first glance. CO2 makes up about 0.04% of
the composition of outdoor air. For indoor air current school guidelines (BB101)
allow for CO2 concentration to rise to 0.1%. So, why then are we so concerned
with room CO2 concentration when it makes up so little of our indoor air?
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Typical composition of classroom air

Despite the seemingly small numbers, these CO2 concentrations have a huge impact on the brain.
In 1904 the Danish physiologist, Christian Bohr, found that an increasing CO2 concentration in the
blood reduced the amount of oxygen it could carry. This results in the brain receiving less oxygen,
which reduced cognitive function. This was named the Bohr effect.

The Bohr Effect was further found to worsen as the body
reduced in size. Therefore, a child will be impacted more
by the room CO2 concentration than an adult.
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Why staying below 1,000 ppm is key
In 2016, Harvard University investigated the link between CO2
concentration and cognitive function in a study entitled,

"Associations of Cognitive Function Scores with Carbon Dioxide,
Ventilation, and Volatile Organic Compound Exposures in
Office Workers: A Controlled Exposure Study of Green
and Conventional Office Environments.”
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The results are stark: in all categories the performance
of the groups is noticeably inhibited by the room CO2
concentration. Some of the factors here are incredibly
important to one’s learning ability – basic activity level,
applied activity level, focused activity level, information
usage, and strategy, all of which are very strongly affected.
The effect is much more pronounced between 1,400 ppm
and 900 ppm, than 900 ppm and 500 ppm.
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When considering these results, one should bear in mind
Bohr’s Effect as these results of Harvard’s study would be
amplified on younger occupants. Based on this evidence,
the key performance indicator (KPI) for classrooms should
be set further below 1,000 ppm if we are to achieve the
best performance in our schools.
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Exam performance
Where high ventilation rates have been adopted, UK schools have seen noticeable
improvement in classroom performance. A teacher from Reigate Grammar decided
to carry out his own study having reviewed the evidence from Harvard University.
He found that with the windows shut, the classroom CO2 concentration rose to as much as 2,000 ppm and
noticeably inhibited the pupil’s concentration levels and performance.
The impact of high CO2 concentrations could be considered more severe when one considers an exam scenario:
maybe 100-200 pupils in a large room with poor ventilation for up to three hours at a time. During that period,
without sufficient ventilation the room CO2 concentration could easily exceed 2,000 ppm. From Harvard
University’s evidence, we know that this will have a detrimental effect on the pupil’s performance during
one of the most critical periods of their school careers. If CO2 concentrations are properly managed – below
1,000 ppm – then exam performance could be improved. This underpins how management of indoor air
quality is critical if we are to succeed in improving our indoor learning environments.
https://schoolsweek.co.uk/school-hopes-fresh-air-will-help-clear-exam-minds
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Regulations in UK schools
Ventilation and mechanical equipment design in UK schools is driven by
BB101: guidelines on ventilation, indoor air quality and thermal comfort in schools.

BB101 requires that mechanical ventilation units meet a
daily average CO2 concentration of 1,000 ppm. Finland,
Norway, Denmark, Holland, Belgium and Germany all permit
a maximum CO2 concentration in classrooms of 1,000 ppm,
and France has reduced this limit to 900 ppm. Penalties may
be given for exceeding these limits.

Finland 1,000 ppm
Norway 1,000 ppm

Denmark 1,000 ppm

Holland, Belgium 1,000 ppm

Germany 1,000 ppm
Maximum allowable CO2 concentration
in European classrooms
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France 900 ppm
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Monitoring classroom CO2 is vital
For concerned parents and teachers, room CO2 concentration can be measured using
sensors. CO2 sensors can be purchased at low-cost and be situated in classrooms
where room CO2 concentration is of concern. These sensors are often equipped with
datalogging facilities such that data can be recorded over a period of days to give
a more comprehensive view of the indoor air quality.

Example air monitors readily available online showing pollution levels

The Passivhaus Trust recognise the importance of a good learning environment.
To that end, Passivhaus Certified schools require ongoing monitoring during use
to determine how well they are performing. School authorities across the UK
are adopting the Passivhaus standards and in doing so, are bolstering indoor
air quality standards.
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Cleaning the air our children breathe
In a typical classroom, the volume of room air may need to be changed approximately
5 times per hour to achieve a daily average of less than 1,000 ppm of CO2. That means
that the entire volume of room air must be changed every 12 minutes and this air must
be brought in from outside.
But we know that the air outside our classrooms is heavily polluted. Until we exclusively use “clean” energy
sources, this problem will exist.

While some pollutants are not considered damaging,
many of them are known to have a long-term impact
on health. Poor air quality remains the largest
environmental health risk in the UK and is said to be
responsible for 4.2 million deaths per year. Children
are among the most vulnerable to pollution’s harmful
effects as their lungs are still developing, and arguably
the least responsible.
Professor Paul Cosford Director of Health Protection
and Medical Director at Public Health England (PHE)
said,

Now is our opportunity to create a clean air
generation of children, by implementing interventions
in a coordinated way. By making new developments
clean by design we can create a better environment
for everyone, especially our children.

Comparison of a used / unused filter shows how
effective they are at removing pollutants.

To achieve a daily average of 1,000 ppm of CO2 , provide
filtered air and not be wasteful, mechanical ventilation
with heat recovery (MVHR) must be used.

8

sav-systems.com

Protecting the indoor environment
The Danish Technical University (DTU) undertook a study in early 2020 of 92 pupils
aged 10-12 years, who over four weeks answered a questionnaire and three different
performance tests which measured their processing speed, concentration, logical
reasoning and maths solving abilities.
The evidence showed that if you control the acoustics, light, and indoor air quality correctly you
can easily achieve a 10% improvement in educational performance. That equates to an extra year
of education over a period of ten years. In some classrooms, with lower achieving pupils, they even
achieved a 20% improvement in performance.

11
10
9
Acoustics

8
7
6

10%

5

improvement

4
Indoor air
quality

3

Lighting

2
1
0
Typical

Optimised

https://www.sciencedirect.com/science/article/abs/pii/S0360132319308200
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Optimum indoor environment,
minimum energy wastage
Modern buildings are well-insulated and sealed against energy leakage, preventing
natural air exchange. When fresh air is needed or the temperature increases,
we tend to open the windows.

Whilst this may not be a problem in the summer, by design most of the school
year takes place in the colder months. Each time a window is opened the
warm air rushes out wasting energy and cold air rushes in, creating a draught.
Therefore, naturally ventilating school buildings is no longer the norm.

It is possible to recover 90% of heat from
stale air being exhausted.

Heat recovery ventilation is a method of ventilation which typically conserves up
to 90% of the energy in the room. The heat is recovered by capturing the energy
from the air that enters the unit, using it to warm up the cooler air from outside
before it enters the room. The result is a much lower heating demand for the
classrooms and therefore a lower carbon footprint for the building. The result
is a well-ventilated room free from pollutants. Heat recovery ventilation should
be used both from an energy saving perspective and to avoid draught.
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Funding for energy efficient measures
can be obtained through public sector
decarbonization schemes.

Cut
carbon
by up
to 60%
with
MVHR
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Does your classroom achieve
the ppm grade?
In improving the standards of indoor air quality, better methods of ventilation
must be used. Classrooms need fresh, filtered air and a CO2 concentration of less than
1,000 ppm. Passivhaus standards are becoming more frequently adopted by schools
with the aim of improving the many facets that come under the IAQ banner, while
reducing energy consumption.
These are measurable factors, so we encourage you to take this into your own hands,
and question the air quality, acoustics, and filters in your classrooms.
Does your classroom achieve the ppm grade?
Jonathon Hunter Hill
Sector Manager - Education
SAV Systems
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