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SENSOR FABRICATION + TECHNOLOGY TRANSFER







Mission of Proambiente is connecting
Research and Industry through
technology transfer, industrial research,
and advanced services in the frame of
environmentall control and remediation.

IAQ monitoring

System integration of commercial components

CNR-IMM: know-how on gas sensors
Proambiente: system integration, software, 
WebApp, Technolgy Transfer
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We spend 90 % of our time in indoor environments

European legislation under construction
Research carried out to identify tolerated vs harmuful human exposure to pollutants
Development of low cost sensors for widespread indoor measurements

Connection to school curricula Building 
materials

Floor tiles (PM, Lead), paintings & coatings
(VOCs, Formaldehyde), basements (Radon),
sealing materials (VOCs), Cleaning agents
(VOCs, Benzene,….), Food cooking, stoves
(CO, SO2, PM, PAHs)

Cleaning
products

Furnitures

Combustion
products

Credits to myfreshair.in
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4.3 µm

CO2 absorbance peak @ 4.3 µm is “isolated” (no gaseous
compound has an absorbance line on the left)

02 High intensity of the CO2
absorbance peak @ 4.3 µm

03
Availability of low-cost sources
and low-cost detectors for this
specific IR wavelength
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AIR OUT

AIR IN

The IR light covers the distance between source 
and detectors, eventually hitting CO2 molecules 

IR 
SOURCE

DETECTOR 1 (4µm)

DETECTOR 2 (4.3µm)

4  4.3µm
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1000 ppm

400 ppm

0 ppm

Signal at 4 µm

4.3µm

CO2 molecules absorb 4.3µm light.

The light intensity read by the 
detector at 4.3µm decreases as the 

amount of CO2 molecules in the 
chamber increases

The light intensity read by the detector 
at 4µm is not affected by the CO2 

presence in the chamber

This signal difference provides the 
CO2 concentration value
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3 .  W e b A p p f o r  d a t a  v i s u a l i z a t i o n ,  
a l e r t t h r e s h o l d ,  d a t a  p l o t ,  d a t a  
d o w n l o a d ,  a c q u i s i t i o n s e t t i n g s

2 .  D a t a  s e n t t o  a  
s e r v e r  v i a  w i f i

1 .  D a t a  a c q u i s i t i o n a n d  
l o c a l s t o r a g e
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OPEN SOURCE software
Commercial components
Can be customized

Use as a didactic tool



Guided practical
activity

Autonomous activity

Theory

CO 2 conce n t r a t i on a s a n
i n d i c a to r o f v e n t i l a t i o n ( 2 h )

S t a t i o n a s s e mb l y a nd CO2
me a s u re men t w i t h i n
expe r i me n t s i n du c i n g CO2
v a r i a t i o n s ( 2 h )

CO 2 mon i to r i n g i n c l a s s room ,
d a t a e l a bo r a t i o n , re p o r t
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15

11
>20

>20
>18

>1000

Schools

Teachers

Reports 
Stations installed

in schools

h monitoring
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C o 2  m o n i t o r i n g i n  s c H o o l s f o r  
d i g i t A l a N d G r e e n  c o m p E t e n c e s

16

Training courses for high school 
teachers (2 on Italian SOFIA platform)

Modular and multilingual
didactic material

Open platform for CO2 monitoring data
sharing according to FAIR principles

Dissemination for citizen 
made by steudents
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Meaning of CO2 concentration in air
pollutants in air, CO2 concentration along the last decades, 
greenhouse effect
Open Source
FAIR Data (Findable, Accessible, Interoperatable, Reusable)

CO2 concentration measurement technique
Measurement units (ppm,ppb), molecular vibration modes in 
the IR, absorption lines, CO2 sensing technique, low-cost 
approach
Materials in electronic devices; planned obsolescence

Sensor-electronics interface
Python
Data management 
3D- printing

CITIZENSHIP
SCIENCE

CHEMISTRY
PHYSICS

INFORMATICS

ELECTRONICS



18 S e n s i r i o n S C D  3 0

N D I R  4 0 0  – 1 0 0 0  p p m r a n g e

± 3 0  p p m a c c u r a c y

I n t e g r a t e d C O 2 ,  T  a n d  R T %  s e n s o r s

O p e n  l i b r a r i e s f o r  i n t e r f a c e

P o s s i b i l i t y t o  f o r c e  a  b a s e l i n e

SENSOR

‘MINI-PC’

R a s p b e r r y P i Z e r o

P y t h o n l a n g u a g e a n d l i b r a r i e s

4 0 G P I O p i n

3D-PRINTED 
BASE

R e c y c l e d p l a s t i c s

P L A  &  P E T

8 g  m a t e r i a l c o n s u m p t i o n

O p e n  a n d  c u s t o m i z a b l e
d e s i g n

ACCESSORIES
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N D I R  4 0 0  – 1 0 0 0  p p m r a n g e

± 3 0  p p m a c c u r a c y

I n t e g r a t e d C O 2 ,  T  a n d  R T %  
s e n s o r s

O p e n  l i b r a r i e s f o r  i n t e r f a c e

P o s s i b i l i t y t o  f o r c e  a  b a s e l i n e

SENSOR

‘MINI-PC’
R a s p b e r r y P i Z e r o

L i n u x ( R a s p b i a n )

P y t h o n l a n g u a g e a n d l i b r a r i e s

U S B a n d H D M I c o n n e c t o r

4 0 G P I O p i n
3D-PRINTED 
BASE

R e c y c l e d p l a s t i c s

P L A  &  P E T

8 g  m a t e r i a l c o n s u m p t i o n
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d e s i g n
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CO2 production 
through bicarbonate-vinegar reaction

Aim
Familiarize with :

- the WebApp for station management, 
- data management and analysis

CO2 capture 
by plant photosynthesis
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Event annotation

Guidelines

• Paper
• WebApp



Examples of event log
Paper logOn-line window 

opening log
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IRREGULAR WINDOW OPENING

10 MIN OPENING EVERY HOUR

vs

The time spent in good CO2 conditions 
halves upon regular window opening

Irregular window opening  vs 10 min opening every hour
23
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Room surface ( площ на стаята) - 63 m²
Room volume ( обем на стаята) - 190 m³
Number of windows ( брой прозорци) - 4
Window opening surface ( площ отваряеми прозорци) – (0,8 х 4) m²
Position of monitoring stations ( разположение на устройството) – on a 
ledge next to an opening window 
Position of HVAC - three radiators 1.5m² away
Average number of occupants ( среден брой на хората) -15
Average occupation time (school hours?)(учебни часове: начален час-
краен час ) - 08:00 – 14:30

3. Коментари (Comments): There is construction work outside so the windows remain 
closed all day. The CO2 concentration is in the good zone due to ventilation through the door 
and the size of the room. 

Big room low student density24
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4. Заключения (Conclusions):

Concentration of CO2 is high most of the day and the reason for his is the intensive flow of students through the 
room and the polluted air coming from outside due to construction activities. In this case the mechanical ventilation 
by opening the window is not effective

Room surface ( площ на стаята) - 30 m²
Room volume ( обем на стаята) - 90 m³
Number of windows ( брой прозорци) - 2
Window opening surface ( площ отваряеми прозорци) – (0,8 х 2) m²
Position of monitoring stations ( разположение на устройството) – On the 
teacher&apos;s desk, adjacent of an openable window
Position of HVAC ( Отоплителни , вентилационни системи) - Radiator 3m² 
away
Average number of occupants ( среден брой на хората) - 13
Average occupation time (school hours?)(учебни часове: начален час-краен 
час )- - 8:00 – 14:30

Window opening with pollution outside
25
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Elevator lubrication

On 04/02/2023 the CO2 
concentration was significantly
high as the elevator cables on the 
floor were been lubricated and 
affected CO2 levels. Although the 
classroom kept the windows
open, the carbon dioxide level did
not decrease.
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Report on the experiments
TEACHERS

Survey on the level of knowledge 
about IAQ and health among parents
and peers OUTREACH

Custom 3D-printed base
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Pathway delivery mode

Direct from researchers
Teacher training for independent delivery  Researcher intervention
at monitoring stage

Monitoring report

Teacher engagement
Explain the importance of annotations
Guidelines for monitoring 

Room for improvement
Open to collaborations in the analysis of the impact of the project on students learning 
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CO2 LAB:
un percorso didattico STEM per il 
monitoraggio della CO2 in ambienti scolastici

F . S u r i a n o ,  F . R i m i n u c c i ,  F . M a r u c c i ,  E . C o z z a n i

P r o a m b i e n t e S c r l

G .  C a r r a r a ,  S .  M a r z o c c h i  S . Z a m p o l l i ,  M . C a n i n o

C N R  I M M  B o l o g n a

Thank you
for your attention

info@consorzioproambiente.it
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