
 

Easy-to-build self-calibrating accurate CO2-meter 

 

 
 
 



CO2 and Covid and ventilation 

 
 
 
CO2 and ppm (*) 

 
• ppm = parts per million 
• the higher the CO2 value in a room, the higher the pollution  

 
 
CO2 and Covid (*) 
 
 

Ppm  
400 Air outside 
450 empty ventilated room  
600 in an average classroom with 1 Covid-infected person, risk of infecting another is 5 %. 
900 * limit of “good air” 

* in an average classroom with 1 Covid-infected person, risk of infecting another is 18 %. 
900… 1200 Restaurants and fitness centers need to have an emergency plan what to do (Belgium) 
> 1200 Restaurants and fitness centers need to be closed 
>1800 humans start smelling “bad air” 

 
(*) from well known Belgian newspaper “De Morgen” 10 june 2021: interview with Mariane 
Stranger, expert inside air quality at Flemish Institute of Technology VITO 
 



Functionality CO2 meter 
 

• The meter gives 3 indications about air quality: 
 

 ppm 
“air ok” CO2 < 700 ppm 
“air not so good” 700 ppm < CO2 < 800 ppm 
“air bad” + red LED CO2 > 800 ppm 

 
 

Results 
• The value on the screen will change every 6 minutes. So after ventilation with fresh air, you’ll 

have to wait a bit before seeing the effect on the LCD-screen. When ppm has gone low, you 
know that the ventilation is OK again. 

• Measurements are at its best when the CO2 meter is mounted on a wall. It might take 1 or more 
days before measurement is accurate. This because the ppm value is dependant on weather 
conditions (temperature and air pressure) and the unit needs to adapt on it. 

• Some measurements with 8 of our meters and 1 reference meter (Airco2ntrol 5000): 
 

 
 
• We see that the meters measure very similar to each other and to the reference meter 

(AirCO2ontrol 5000 – blue). Our meters might even be better! On measurement number 5 we 
see that the airCO2ntrol 5000 goes to 365 ppm. This is impossible as measured values may never 
be lower than 400 ppm. 

 

Placement in room 
 
• Do not place the unit near windows or doors, nor at the ground or ceiling.  
• A CO2 meter for air quality only works well when the room is ventilated very well each day for 20 

minutes. 
• The unit is provided with a battery pack so that it works 1,5 day. This is essential for the 

autocalibration. The Arduino might be restarted when 230 V goes on or off. The program can 
handle this. 

• Don’t use a CO2 meter in wet rooms like bathrooms. 



Building tips & tricks 
 
About the project 
Based on this DS-CO2-20 sensor, at the Energy Technology University college Odisee in 
Belgium (Ghent), we made an easy to build CO2-meter that gives an indication about the air-
quality and measures CO2 ppm in an accurate way. We worked in an Arduino UNO 
environment with LCD. The price is around € 100, all components included. 
This project started by three students: Arnoud Hoogstoel, Quinten Permentier and Robin 
Carlier. They built a nice prototype of a CO2 meter that worked on absolute measurements. 
However the measurements were not accurate so the mentor, Frank Haelman, made a 
deeper study. After changing to relative measuring and autocalibration during a period of 1 
day, it was possible to build an accurate meter around the sensor. 
 
 
Auto-calibration 

• Like all good air quality meters, the unit will not measure absolute ppm because this is not giving an 
indication of the “extra” ppm that comes from the breath of persons in a room. 

• It measures relative ppm. It starts measuring from a reference of 400 ppm (= clean air). Due to 
people in the room, the ppm will go up so the unit will give an indication on the screen of 400 
ppm + this “extra” ppm. This means: when the meter indicates 512 ppm than there is 112 “extra 
ppm” in the room.  

• This also means that air quality meters can only be used in rooms that are ventilated very well 
every day one time during 20 minutes. 

• The working is easy: the unit is programmed that it calibrates itself. It scans for the lowest value in 
24h value and will use this as the 400 ppm reference. 

• A good meter calibrates itself so that it reacts well on weather conditions. Every 24 hours (or faster 
when ppm drops below 400), the unit will calibrate. 
 
 



Hardware 
Connection of the DS-CO2-20 sensor 
 

• In our project we worked with the DS-CO2-20 NDIR-sensor (about  €35) 
• Plantower® ds-co2-20 co2 sensor dual channel gas accurate detection of carbon 

dioxide sensor module Sale - Banggood.com 
 
 

 
  



Connection of the LCD 
 

We worked with this LCD shield: LCD & KEYPAD SHIELD FOR ARDUINO® (VMA203) from 
Velleman. (about €15) 
https://www.velleman.eu/products/view/?id=435510 
We can put this shield directly on an Arduino UNO.  

 
 
 
 
On our shield we placed multiple headers which allow us to connect other 
components without the need of soldering. These were especially useful when testing the 
different pins for the sensors. For the DS-CO2-20 we didn’t have headers for digital pin 
12&13, so it needed to be soldered. We used the headers for the 5V-supply and the GND-
pin.  
 
 
 
 

Headers 



Connection of a bright white LED (= “alarm”) 
 
We used a white LED (high efficiency + in series 100 Ohm) and built it in a stripped 230 V 
“alarm” indicator. 

• anode D3 
• kathode D2 

 
 

Connection with power bank 
 
With the Varta VAR PP 6000 mAh, the unit can work 1,5 day which is longer than the needed 
1 day. The power bank is connected to a 5 V USB charger. 
 



Casing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A good air flow to the sensor is important. Spacers are placed.  
 

Spacer 



Measurement principles of CO2 sensors  
 
NDIR-working principle  
 
Plantpower DS-CO2-20   
 

 
 
 
 
 
 
 
 
 

 
 
Working principle 
Atoms in gasses absorb a certain amount of infrared radiation. In picture 1 you can see that 
each gas absorbs infrared radiation at a unique wavelength. Based on the amount of infrared 
radiation that is absorbed, gases such as CO2 can be detected. 
An infrared sensor consists of an infrared lamp, a tube or a measuring chamber, an optical 
filter and also an infrared detector. The infrared lamp emits light waves through the tube 
filled with gas from the environment. The absorption band of CO2 is around 4260 nm. As a 
result, the CO2 molecules will only absorb the specific band around 4260 nm, while allowing 
the other wavelengths to pass through. At the end of the tube, all the remaining infrared 
light hits the optical filter which will absorb everything except the wavelength at which 
absorption took place by the CO2 molecules. Then the detector measures the remaining 
infrared light passing through the filter. On the basis of this measurement, the amount of 
CO2 present can then be determined.  
Infrared sensors have many advantages over chemical sensors. They are stable and very 
selective regarding the measured gas. They have a long lifespan ( 4 - 5 j ) and because the 
measured gas is not in direct contact with the sensor, IR sensors are resistant to high 
humidity, dust, dirt and other harsh conditions. They are a lot more expensive than the 
chemical gassensors. 
 
gas sensors 
Before we started working with NDIR-sensors we tried to make an operating CO2-meter 
using multiple gas sensors. Chemical sensors have the advantage that they have a lower 
energy consumption and are usually a lot cheaper.  
We specifically worked with two gas sensors: the MQ135 and 
the SparkFun Enviromental Combo CCS811 / BME280. 
Unfortunately we did not succeed to build a reliable meter with these sensors. So we 
decided to switch to NDIR-sensors. 
 
 


