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Research activities @ IMM Bologna

/- PHOTOVOLTAIC AND -\
OPTOELECTRONIC DEVICES

SILICON PHOTONICS

MICROELECTRONICS

s aSikeSi
SINGLE PHOTON HETEROQJUNCTIONS
AVALANCE DIODE SOLAR CELL

GRAPHENE: RELIABILITY-
DRIVEN INTEGRATION
IN S| TECHNOLOGY

4H-SIC VERTICAL
P*-I-N DIODE

DEVICES
SENSORS AND MATERIALS
MICROSYSTEMS PROCESSES

ALL SILICON GAS
CHROTOGRAPHIC COLUMN

@ MM BoLooNAuMT



Proambiente Scrl — missione aziendale

Shallow Water | Atmospheric a 5 Devices Project
Survey Monitoring | fa Remediation | Development | Management

IAQ monitoring

System integration of commercial components

CNR-IMM: know-how on gas sensors
Proambiente: system integration, software,
WebApp, Technolgy 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.

RETE ALTA TECHOLOGIA
EMILIA-NDOMAGNA
GH TECHNOLOGY NETWORK

www.consorzioproambiente.it ()7 TECNOPOLO BOLOGNA CNR

ﬁ,‘—*"ﬁ s
#—o ‘ﬂ PROLY TN &> M 1
ricercs indiiriale 8 irnafmimanis incsologica
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Why Opening Windows Is.a Key to

Reopening Schools ..
| ’ iz Al

[y A 2 -
Source: &heNework Times

https://www.nytimes.com/

3

B/ Why

\!

N
Gpc,@‘\g We spend 90 % of our time in indoor environments

o o :
o« 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 Combustion

Building oroducts

materials

Cleaning Furnitures

products

Floor tiles (PM, Lead), paintings & coatings
(VOCs, Formaldehyde), basements (Radon),
L sealing materials (VOCs), Cleaning agents

(VOCs, Benzene,....), Food cooking, stoves
(CO, S0O2, PM, PAHSs)

DA @IMM i
’ BULDGNA UNIT Credits to myfreshair.in

/2021/02/26/science/reop hools-safety
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g :.g Crowded indoor spaces (CO2 is a
m,& MW product of the exhaled)

e =Y L1

T fop Inefficient ventilation system |
' @ Inadequate  number of  air
: exchanges
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CO2 absorbance peak @ 4.3 ym is “isolated” (no gaseous
compound has an absorbance line on the left)

Absorbance

=1
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Intensity (cm/mol * 10 %)
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§0 SCD30:
BRG DETECTOR 1 (4um) gfﬂgf(;loe//(é//w
Ll oRINCIPLE

SOURCE > ™

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

f AR INLEY

g 4 um light intensity:
2 l l NOT related to CO, concentration
=T

0.5

IR LIGHT 4 pm DETECTOR
\ SOURCE 4.3 pm DETECTOR
v - 4.3 um light intensity: I I
'—ﬁ decreases with CO,
L= =Y
4 4.3um &"

D;f \ QMM AR QUTLES
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Absorbance

\

H

4 4.3um

The light intensity read by the detector
at 4um is not affected by the CO2
presence in the chamber

This signal difference provides the
CO2 concentration value

DI @IMM

) BOLOGNAUNIT

WORKING
oRINCIPLE

CO2 molecules absorb 4.3um light.

The light intensity read by the
detector at 4.3um decreases as the
amount of CO2 molecules in the
chamber increases

Signal at 4 ym

0 ppm
400 ppm

1000 ppm
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GPIOO4
Ground
GPIO17
GPI027
GPIO22
3.3v

GPIO10 |

GPIO(9
GPIO11
Ground
ID_SD

GPIOOS
GPIOU6
GPIO13
GPIO19
GPIO26
Ground
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www _element14 com/RasnherrvPi

GPIO14
GPIO15
GPIO18
Ground
GPIO23
GPIO24
Ground

NE) GPIO25
N) GPIOOS8
N) GPIO07

ID_SC
Ground
GPIO12
Ground
GPIO16
GPIO20
GPI1021



NAME

Pint NAME
01 3.3v DC Power ole) DC Power 5v v
GPIOD2)(SDA1 , I2C) OPE DC Power 5v
GPIOO03|(SCL1 , 12C) O Ground 06
GPIO04 (GPIO_( DO (TXDO) GPIO14
9 Ground (O (RXD0) GPIO15 10
GPIO17 (GPIO 0O )_GEN1) GPIO18 1:
1. GPI027 (GPIO_GEN2) O Ground 4
1 GPI022 (GPIO. ol e GEN4) GPIO23 16
17 3.3v DC Power () ) GPIO_GENS) GP1I024 8
19 GPIO10 (5P 0 C Ground 0
GPIO09 (SPI_MISO) 0O GEN6) GPIO25 22
3 GPIO11 (SPI_CLK) ONO N) GPIOO8 4
£ Ground o GPIOO7 6
7 ID_SD (12C 1D EEPROM)RORKC) ROM) ID_SC
9 GPIOOS o Le Ground 0
GPIOU6 Ly & GPIO12 3z
33 GPIO13 L Ground 34
5 GPIO19 ol GPIO16 35
37 GPIO26 & & GPIO20 3¢
9 Ground L) ) GPIO21 40
;;;622/2015 www.element14.com/RaspberryPi

Vec »

SDA o

-

SCL =

-----

Supply Voltage

Ground

Modbus: Transmission line (Push/Pull with 3V level)
C 12C: Serial clock (internal 45kQ pull-up resistor, pulled
to 3V, for higher voltages a level shifter is needed)
= Modbus: Receive line (Input must not exceed 5.5V)
A [2C: Serial data (internal 45kQ2 pull-up resistor, pulled
to 3V, for higher voltages a level shifter is needed)

RDY  Dataready pin. High when data is ready for read-out

PWM  PWM output of COz concentration measurement

Interface select pin. Pull to VDD (do not exceed 4V, use
SEL voltage divider in case your VDD is >4V) for selecting
Modbus, leave floating or connect to GND for selecting

C.

-——voD
——GND
- TxscL
L RX/SDA
——RDY
- Pwm
—
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1. Data acquisition and
local storage

PA

S\

2. Data sent to a
server via wifi

OPEN SOURCE software
Commercial components

@ /MM can be customized
BOLOGNA UNIT

Monitoraggio anidride carbonica (CO2)
Stazione CO2_Lab_01
12:19:08

Monitoraggio anidride carbonica (CO3)
Stazione CO2_Lab_11

14:00:07

Stato finestre: CHIUSE
Posizione: ECOMONDO 2022

Download dei dati di oggl

12ofe Sore Bore Sore doe Som  Zoms

3. WebApp for data visualization,
alert threshold, data plot, data
download, acquisition settings

Use as a didactic tool
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Theory

CO?2 concentration as an
indicator of ventilation (2h)

Station assembly and CO?2
measurement within
experiments inducing CO2
variations (2h)

CO2 monitoring in classroom,
data elaboration, report

Guided practical
activity

Autonomous activity
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2021-2024
00, L 14

n 11
'n' Schools ‘?’ >20
Teachers ? >20

O Reports {:0%
@ 18 Stations installed
in schools .‘}"
"l

:>1000

h monitoring
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Co2 monitoring in scHools for
digitAl aNd Green compEtences
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Erasmus+
®@CHAN DA @IMM
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VALLE
ceELDA

mmmmmmmm
DE FORMACION
PROFESIONAL

CIPFP Valle de Elda

Lrarq 3aroph
Profesionalna Liceul Tehnologic
Gimnazia po Mirsa
Elektronika "John
Atanasoff”

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

Open platform for CO2 monitoring data
sharing according to FAIR principles

Dissemination for citizen
made by steudents
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SCIENCE
CITIZENSHIP
CHEMISTRY
< PHYSICS
=
= ELECTRONICS
'S INFORMATICS
=

Meaning of CO2 concentration in air

pollutants in air, CO, 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, CO, sensing technique, low-cost
approach

Materials in electronic devices; planned obsolescence

Sensor-electronics interface
Python

Data management

3D- printing

PA
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Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
400 - NOAA Earth System Research Laboratory

«The Keeling Curve»

PARTS PER MILLION

1960 1970 1980 1990 2000 2010 2020

N~

Charles David KEELING
(April 20, 1928 — June 20, 2005)

Molecular vibrations and IR absorption

In tutte le molecole, a Tz 0 K, gli atomi possono compiere
piccoli movimenti intorno al legame.

Le frequenze di queste oscillazioni sono caratteristiche
di ogni molecola.

La luce di frequenza pari alla frequenza caratteristica di
una molecola viene assorbita dalla molecola stessa.

Intensity (cm/mol * 10°*%)

Environmental Industrial process
monioring control

Medical diagnosis
b v

n it 16




18 Sensirion SCD 30
/ NDIR 400 — 1000 ppm range

A@g&ﬁéf +30 ppm accuracy

Integrated CO2, T and RT% sensors
Open libraries for interface

Possibility to force a baseline

1 ‘MINI-PC’

§§ Raspberry Pi Zero
E: Python language and libraries SENSOR
® 40 GPIO pin

3D-PRINTED
BASE

Recycled plastics
PLA & PET

ACCESSORIES

é\\(\) ‘-*au"‘E

D-ﬁ @lMM
F4 BOLOGNAUNIT

8g material consumption
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Open and customizable
design

@
O
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4«[%% Exf&f’/‘/n&”tg Familiarize with :

CO, production
through bicarbonate-vinegar reaction

DA ©IMM
F4  BOLOGNAUNIT

Aim

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

CO, capture
by plant photosynthesis



Event annotation
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el Calc) or of the webapp. scale must be chosen in order to highlight the
oo reported phenomena. An example is provided in Figure 1. — | ol
=
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g oot csn | GinTio~ | 4944 [L = STt e T o
(] | e
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= i -
S i —T 111

Figure 1. Example of 2 daily plot with comments.

@ CHAN DA @IMM

BOLOGNAUNIT 2t
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Examples of event log

On-line window
opening log

—— CO2 = Temperature -~ \WINGows status

HiHHHH

Monitoraggio anidride carbonica (CU;)

Stazione CO2_Lab_17
19:12:21

Paper log

®

g 1o L I ) K
B T T L A T R S L
8 ore 6 ore 5 ore 4 ore
Download dei dati del 26/04
Event Log
Start time End time Event Notes
HayaneH yac KpaeH 4yac cbbutue benexku
8:00 12:00 Window is open | 10:35 - 11:00 no students
12:00 Window is closed

14:30
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Irregular window opening vs 10 min opening every hour

IRREGULAR WINDOW OPENING

Bl s (0 Bl el l:'I:l:"rl 1]
e 002 La B

a3 an

Wk 165 ey Hem 169 0os

10 MIN OPENING EVERY HOUR

Stazione COZ Lab 17
08:03:32

Dol i B 202

W qualita zna buona <830 ppm CO.

qualith aria discreta tra 800 @ 1200 ppm COy

f2ore Bee Som Sore 4o Foe Zere

lfiualma aria scarsa > 1200 ppm CO:

@IMM

Istituto per la

Microelettronica e
:

Microsistemi

Figures 1B and 2B show how by changing the air irregularly, low or discrete CO2 levels
are recorded during most of the time of the day.

On the 8th of April, both windows were kept open completely for 10 minutes each hour
and for 15 minutes during the two breaks and, as it can be seen from the graph, the level
almost never exceeded 1200 ppm of CO». The temperature did not show significant
variations as it was a particularly mild day.

The data were also analyzed from a mathematical point of view, calculating the average
slope in the lines that describe the increase in CO; values with the windows completely
closed on different days (table 1).

DATA | people surface | m?/person | volume | m?/person | line with average
present in (m?2) (m?3) gradient (y=final
the room ppm; b=initial ppm)

1Apr |22 63,2 2,9 345 157 y=3,97x+b

4 Apr |22 63,2 29 345 157 y=3,79x +b

8 Apr |20 63,2 3,2 345 17,2 y=348x+b

The time spent in good CO, conditions
halves upon regular window opening

7EST
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Big room low student density

2,000

CO2 == Temperature Windows status

28
CO2 bad

24

CO2 discrete 2 Q
20

CO2 Good 18

D QNG SR R R S L
‘:\. N QOO QO O O AN N \‘- N NN N ~

G ¢ Y ol A7 o O
W0 T DD

Room surface ( naow, Ha ctasaTa) - 63 m?

Room volume ( 06em Ha ctasaTta) - 190 m?

Number of windows ( 6poit npo3opum) - 4

Window opening surface ( nnow, otBapsemu npo3sopum) — (0,8 x 4) m?
Position of monitoring stations ( pasnonoxeHue Ha ycTpoiicTBOTO) — 0N a
ledge next to an opening window

Position of HVAC - three radiators 1.5m? away

Average number of occupants ( cpeaeH 6poii Ha xopaTta) -15

Average occupation time (school hours?)(yue6Hu yacoBe: HauaneH yac-
KpaeH uyac) - 08:00 — 14:30

? Komentapu (Comments): There is construction work outside so the windows remain
osed all day. The CO2 concentration is in the good zone due to ventilation through the door
1d the size of the room.
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Window opening with pollution outside

2,000

1,800

1,600

1,400

1,200

00

ppm

600

400

200

CO2 === Temperature Windows status

CO2 bad

24
1,000 rete 5 B
800
* 20
18

w
€02 Good N

Room volume ( o6em Ha ctasara) - 90 m?
Number of windows ( 6poit npo3opum) - 2

Window opening surface ( nnow, otBapsemu npo3sopum) — (0,8 x 2) m?
Position of monitoring stations ( pasnonoxeHue Ha ycTpoiictBoTo) — On the
teacher&apos;s desk, adjacent of an openable window

Position of HVAC ( OtonauTtenHu , BeHTUNAUUOHHM cuctemun) - Radiator 3m?
away

Average number of occupants ( cpeaeH 6poii Ha xopaTa) - 13

Average occupation time (school hours?)(yue6Hu yacoBe: HauaneH Yac-KpaeH
yac )- - 8:00 — 14:30

4. 3axmouenns (Conclusions):

icentration of CO?2 is high most of the day and the reason for his is the intensive flow of students through the
m and the polluted air coming from outside due to construction activities. In this case the mechanical ventilation
, Jpening the window is not effective
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2 Elevator lubrication

Microsistemi

7esT IV

ANALISI DATI DEL 02/04/2023

7 2053 18,4
1978 19,6
- - On 04/02/2023 the CO2
1 2001 200 concentration was significantly
12 1936 20,1 high as the elevator cables on the
= = - floor were been lubricated and
15 1850 203 affected CO2 levels. Although the
classroom kept the windows
CO2/ppm rispetto a Tempo/h emperatura/°C rispetto a Tempo/h H H H
M« v TesmpeusCrkpetia(Ton open, the carbon dioxide level did
E o | [t 8§ = not decrease.
§ 1000 § :Z
Q 500 % 5
0 [ =
8 10 12 14 0
Tempofh Tempo/h

11 02/04/2023 il livello di CO2 & notevolmente alto in quanto i cavi dell'ascensore del piano erano
stati lubrificati ed hanno inciso sui livelli di CO2. Nonostante la classe tenesse le finestre aperte , il
livello di anidride carbonica non scendeva.

Marica Canino NPSE March 15 2024
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= What we don’t know

La quantita di CO, nell’aria delle aule aumenta in
base al numero di persone presenti, numero che &
stato stabilito negli ultimi due anni in modo da
rispettare le regole per il distanziamento

Non conoscevamo tuttavia la situazione di partenza
nella nostra scuola e quanto rapidamente crescono i
valori di CO, misurati in ppm a finestre chiuse, in
funzione ad esempio della superficie a disposizione
per ciascuna persona presente nell’aula

2]

Inserire gli
4 pin Raspberry Pi Zero

header nei

W (3-4-5-6)
I pin sononda orientare

verso l'alto

La valutazione dell'impatto di questi
fattori & importante per la salute della
popolazione scolastica e per le possibili

@IMM

BOLOGNAUNIT

scelte future
plﬁ

Posizionare I'he Trascorrere un quarto delle proprie
Raspberry Pii

Assemblaggio
centralina

1

Inserimento degli inserti filetiati
nelle sedi presenti nella base

Inserire due viti nei 2 fori ed
inserire gli inserti filettati
avvitandoli  sulle  viti Poi
avvitare con cacciavite fino a
che gli inserti non saranno
inseriti totalmente nei fori

Discussione e
<7 ™ Conclusioni (1)

I nostre esperimento pone le basi
per una scuola pit sostenibile.

.
vl

giornate esposti a livelli di CO,
scarsi o al limite discreti non
agevola la vita studentesca. 11

i . nostro intento era innanzitutto

© quello di raccogliere i dati,
fondamentali per i seguenti motivi:
per valutare la qualita dell’aria
durante le ore scolastiche, per
verificare I'efficacia delle
indicazioni di sicurezza messe in
atto durante la pandemia, per
rafforzare le scelte future.

Dai risultati dei nostri esperimenti

& emerso che apertura delle
[inestre ¢ sufficiente a garantire un
buon ricambio di aria solo se
effettuata in modo regolare, ogni
ora, spalancando entrambe le
finestre per almeno 10 minuti.

Tuttavia, soprattutto in inverno questo determina un
importante calo della temperatura interna, esponendo i
presenti al rischio di raffreddamento e comportando

un notevole spreco in termini energetici.

Sommario 2

In questo progetto ci siamo
proposti di misurare i
livelli di anidride carbonica
(CO,) in alcune classi della
sede centrale del Liceo
Galvani. Gli obiettivi erano
di monitorare mediante
una centralina la qualita
dell'aria in luoghi chiusi e
affollati come gli ambienti
scolastici, e di valutare se le
indicazioni fornite durante
la pandemia, rispetto ai
tempi necessari per un
adeguato ricambio
dell’aria, fossero coerenti
con i risultati sperimentali.

I dati raccolti mostrano
che, quando il ricambio
dell’aria non é svolto in
modo regolare e per tempi
prolungati, la maggior
parte del tempo in classe
trascorre in condizioni di
scarsa qualita dell’aria,
mentre se si rispettano le
indicazioni fornite in
emergenza pandemica, si
mantengono livelli discreti.
Tuttavia non sempre &
possibile rispettare le
tempistiche e le modalita
previste dall’'emergenza
per un ricambio di aria
efficace, soprattutto
durante la stagione
invernale.

I nostri risultati mostrano quindi
come sia necessaria una riflessione
pit ampia per garantire la salubrita
degli ambienti scolastici
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Dutpet

What we don’t know

La quantita di
base al numerc
stato stabilito 1
rispettare le re;

valori di CO

Non conoscev: 2
nella nostra sci
valori di CO,n
funzione ad es
per ciascuna p

rr?.l-lmr:l ~

La valutazione dell'impatto di questi
fattori & importante per la salute della
popolazione scolastica e per le possibili
scelte future

PA

Assemblaggio
centralina

@ Inserimento degli inserti filettati

nelle sedi presenti nella

Inseri due
inse

)
a «
che

T

inseriti totalmente nei fori

iti nei 2 fori ed
erti filettari
Poi

Non conoscevamo tuttavia la situazione di partenza
nella nostra scuola e quanto rapidamente crescono i
misurati in ppm a finestre chiuse, in

funzione ad esempio della superficie a disposizione
per ciascuna persona presente nell’aula

per valumare a I.I'Llﬁlllﬂ aer aria
durante le ore scolastiche, per
verificare 1'efficacia delle
indicazioni di sicurezza messe in

I nostri risultati mostrano quindi

come sia necessaria una riflessione

giﬁ ampia per garantire la salubrita
egli ambienti scolastici

scolastici, e di valutare se le
indicazioni fornite durante
la pandemia, rispetto ai
tempi necessari per un
adeguato ricambio
dell’aria, fossero coerenti
con i risultati sperimentali.

I dati raccolti mostrano
che, quando il ricambio
dell’aria non é svolto in
modo regolare e per tempi
prolungati, la maggior
parte del tempo in classe
trascorre in condizioni di
scarsa qualita dell’aria,
mentre se si rispettano le
indicazioni fornite in
emergenza pandemica, si
mantengono livelli discreti.
Tuttavia non semore &

Tuttavia, soprattutto in inverno questo determina un
importante calo della temperatura interna, esponendo i
presenti al rischio di raffreddamento e comportando

un notevole spreco in termini energetici.

y quindi
iflessione
a salubrita

oo e
un notevole

@IMM

BOLOGNAUNIT
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GRAFICO ESPERIMENTO BOTTIGLIA ACQUA GASSATA

3) Abbiamo ripetuto Poperazione inserendo
direttamente la bottiglia di acqua sotto la campana
invece del becher. Inizi nte avendo problemi con
la centralina sembrava che non fosse cambiato
nulla, ma poi, grazie al recupero dei dati abbial
i fii
un a lla p

i carbonica, ma dopo aver agitato la bottiglia
eav S i ie

a sotto la campana di vetro si
evole picco fa le 15:38 e 15:39

Report on the experiments 2>
TEACHERS ©

Survey on the level of knowledge
about IAQ and health among parents

and peers = OUTREACH © SONDRGGIO
Custom 3D-printed base
Abbiamo condotto un sondaggio tra i nostri compagni ele
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