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Carbon Dioxide (CO2) Sensor
Model RC2-D

Carbon Dioxide (CO2) Gas Sensor with
PASens® Technology (Swiss)

This sensor, in addition to measuring CO2 gas, also includes sensors for temperature, humidity, and
internal pressure. The reason for the inclusion of these sensors is the effect of these parameters on

the accuracy of the carbon dioxide measurement.

Features of CO2 Gas Measurement

Calibration Measurement Range for CO2: 0-10,000 ppm
Output Range: 0 to 40,000 ppm

Accuracy in the Range 400 to 5,000 ppm: +40 ppm + 5% of the reading

Repeatability: £10 ppm

Annual Accuracy Drift (with auto self-calibration algorithm active): 5 ppm + 0.5% of the reading

Working humidity: 0 to 85 %

Features of Humidity Measurement

Measurement Range: 0% to 100% RH

Typical Accuracy:

* +6% RH at temperatures between 15°C to 35°C and humidity levels between 20% to 65% RH
* +9% RH at temperatures between -10°C to 60°C and humidity levels between 0% to 100% RH
Repeatability: +0.4% RH

Annual Accuracy Drift: Less than 0.25% RH




AN

Features of Temperature Measurement

* Measurement Range: -10°C to 60°C

* Typical Accuracy:

* £0.8°C at temperatures between 15°C to 35°C
* +£1.5°C at temperatures between -10°C to 60°C
* Repeatability: £0.1°C

* Annual Accuracy Drift: Less than £0.03°C

Features of Pressure Measurement

Operating Range: 20 kPa to 110 kPa (absolute pressure)

Equivalent Altitude: -700 m at 50 kPa pressure
 Calibration Range: 50 kPa to 110 kPa (absolute pressure)
* Load range: 0.2 to 1.1

Applications

This CO2 gas sensor (CO2) with high accuracy and PASens® technology is used in various appli-
cations such as:

* Indoor Air Quality Control in smart buildings

* HVAC systems for ventilation

» Smart Greenhouses to optimize plant growth

* Industrial Environments for worker safety

» Monitoring Health in Closed Spaces such as warehouses and vehicles

« Scientific and Medical Applications, including respiratory devices

The presence of internal sensors for temperature, humidity, and pressure enhances the accuracy of

7

the measurements, making it ideal for sensitive environments.
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Communication Protocols

The RS-485 bus implements the RS-485 software protocol, allowing communication over this net-
work.

The communication protocols integrated into this device enable connection to various PLCs (Pro-
grammable Logic Controllers), DCSs (Distributed Control Systems), and RTUs (Remote Terminal
Units).

Relay Applications

The CO2 sensor relays have two different control modes:
* Mode 1: Modbus Network-based Control
* Mode 2: CO2-based Control

Each relay has the capability to independently define a mode for itself. For example, the settings

for one relay can be based on CO2 levels, while the other can be configured based on the Modbus

network.

Simple Control Mode

The operation of the relay is determined based on the decreasing or increasing control mode.

* In decreasing control mode, the relay is connected when the CO2 reaches the maximum range
and is disconnected when it reaches the minimum range.
* In increasing control mode, the relay is connected when the CO2 reaches the minimum range and

is disconnected when it reaches the maximum range.
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Display and Menu of the Device

The CO2 concentration, temperature, humidity, and pressure measurements are displayed by de-

fault on this display. The device features a 1.3-inch OLED display and four directional buttons for

making adjustments and settings.

All the settings listed below can
be adjusted through the menu:

Modbus
Relay-1
Calibration
Relay-2
CO2 Span (a)
Calibration
CO2 Zero (b)
SNMP
by Modbus by Modbus Press Span (a)
Modbus by Co2 by Co2 Press Zero (b)
Slave ID Mode Action Mode Action Force ReCalib
Boud Rate Status Status Auto SelfCalib
General Description Display and Menu of the Device
» Waterproof package with IP64 standard e e

* Housing made of ABS material

O
=

O

wwsz

e Dimensions: 153 x 68 x 52 mm

* Input voltage: 24V

WwTeT
wwest

* \Wall-mountable

* 1-meter input cable (Power + RS-485), 4-core

[ wwQQT —>

‘4—— WweTT —>|
T
1

shielded stranded wire, 0.25 mm? 0 i

—wwez —

° 1 1 H Diameter of
Equipped with a porous brass protective cover sopriwiaral me_»
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[ How to Read the CO2 Value J

Boud Rate Setting v Click

Slave ID Setting v Click

Modbus Register Reading v Click




Addresses of Modbus

houses
(Modbus registers)
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Setting the Slave address using the Modbus network

Paramater
Address

Dec Hex

1 0x01

PLC Modbus
Standard .u
Function
Address
40002 03 /06

Register  Data
Type Type
Holding .
R/W 8-bit
Reg

Description

RS-485 communication slave address (ID).
Range: 2 ~ 255 / Default = 2

Reading Sensor Values Using Holding Registers

Paramater PLC
Modbus Register  Data
Address Standard , Access 9 Description
Function Type Type
Dec Hex Address
Holdi
2 0x02 40003 03 R an{ 9 16upit Present Co2 measured.
eg
Holding . :
3 0x03 40004 03 R R 16-bit Present Air Pressure measured.
eg
Holding . .
11 0x0B 40012 03 R R 16-bit Present Celsius temperature measured.
eg
Holding . -
12 0x0C 40013 03 R R 16-bit Present Precentage of humidity measured.
eg
Additional information
Paramater PLC
Modbus Register  Data
Address Standard , Access 9 Description
Function Type Type
Dec Hex Address
Holdi
25 0x19 40026 03 R (F’{ 9 g bt Auto Self libration
eg

BE
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Relay Control and Reading via the Modbus Network

In all cases, you can read the relay status information from the Modbus network via the 0D and OE
registers. If you wish to control these relays via the Modbus network, you need to select the relevant
relay control settings from the menu or web service. After selecting the control settings, you will have
the ability to write to the registers, allowing you to change the relay status using the Modbus network

and its standard functions.

Paramater PLC
Modbus Register  Data
Address Standard , Access 9 Description
Function Type Type
Dec Hex Address
Holding . Set/Read status of Relay-1 Only used in by
13 0x0D 40014 03 /06 R/W 16-bit
Reg Modbus Control
Holdi Set/Read status of Relay-2 Only used in b
14 Ox0OE 40015 03/06  R/W oeng  6.pit i /
Reg Modbus Control

To Apply Device Settings Using Boud Rate

To apply the essential and important settings of the device, these Modbus registers are used. The

address of register 08 is for setting the Boudrate of the RS-485 network.

Paramater PLC
Modbus Register  Data
Address Standard . Access g Description
Function Type Type
Dec  Hex Address
Baud .
8 0x08 40009 03/06 R/W 16-bit Table No. 1
Rate
Set 0 1 2 3 4 5 6 7 8 9 10 11 12

Baud Baud Baud Baud Baud Baud Baud Baud Baud Baud Baud Baud Baud
Describtion Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate Rate
4800 9600 19200 28800 38400 48000 57600 67200 76800 86400 96000 105600 115200
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Sensor Calibration Using the Modbus Network

To apply the calibration of CO2 and Pressure, these registers are used. Register 4 corresponds to
the Zero value of CO2, and register 5 corresponds to the Span value of CO2. Additionally, registers
6 and 7 are used for the Zero and Span values of the pressure. For more details, refer to the Cali-

bration section in the display menu.

Paramater PLC
Modbus Register  Data
Address Standard , Access g Description
Function Type Type
Dec  Hex Address
Holding : Set Zero/Offset for Co2 (ppm). Valid Range:
4 0x04 40005 03 /06 R/W 16-bit
Reg -10.0 to +10.0
Holdi Set Span/Gain for Co2 (ppm). Valid Range: 0
5 0x05 40006 03/06  R/W oling ¢ pit pan/Gai (ppm). Valid Rang
Reg to +10.0
Holding . Set Zero/Offset for Pressure (hPa) Valid
6 0x06 40007 03 /06 R/W 16-bit
Reg Range: -10.0 to +10.0
Holdi Set Span/Gain for Pressure (hPa). Valid
7 Ox07 40008 03/06  R/W g 6 pit pan/Gal ure (hPa). Vali
Reg Range: 0 to +10.0

If you need more information about Span and Zero, click here.
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When the device is powered on, after 30 seconds, you can observe 1 9 '3 EI
PPm

the values of CO2, air pressure, temperature, and humidity. Press: 830 hPa

T:17.8 C H:33 %

1. Modbus Settings

1.1. Methods for Setting the Modbus Address (Slave ID)

All devices that are part of the Modbus network have a unique address, which is referred to as the

Slave ID in the Modbus protocol. To configure this parameter, follow the steps outlined below.

N\

%

By pressing the button @ and @ you can change the Slave ID settings within the
range of 2 to 255.
By pressing the button @ , the settings will be saved and applied.

By pressing the button @ , you will enter the sensor menu. The first option is Modbus, and by press-

ing the button @ , you will enter the Modbus page. In this section, the indicator is on Slave ID, and

by pressing the button @ , you will enter the Slave ID Set page.

[
[
c

Press Set = Save
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1.2. Methods for Setting the BoudRate for the 485RS Port

The baud rate refers to the number of signals sent or received per second in a serial communication.
This value determines the data transfer speed between devices and is expressed in bits per second
(bps).

This value must be set the same on both transmitting and receiving devices. If these values are dif-

ferent, data will not be transmitted or received correctly.

I
\®’ In the Boud Rate Set page, by pressing the button @ , you will see other options

/ N\

as well.

[
[
Cc
=

Zunm
Srrr
T-wwi

By pressing the button @, you enter the sensor menu. The first option

plyld B
m

wlnn

is Modbus, and by pressing the button @) , you enter the Modbus page.
In this section, by pressing the button@®), the cursor moves to the “Baud
Rate” option, and by pressing the button @ , you enter the Baud Rate
Settings page. On this page, you can cycle through all the available

Baud Rate values by pressing the button @) .

The Baud Rate can be configured in 12 different modes, ranging from 4800 to 115200.
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2.Relay Number One Settings

2.1. Methods for Setting Relay Number One as a Modbus-Controlled Relay

In this section of the device, the user can configure the relay settings based on the Modbus proto-

col. Modbus is a standard communication protocol used in industrial automation systems for data

exchange between devices.

The relay settings of the device are based on the standard Modbus function codes.

N

In Relay 1, when one of the Modbus modes and CO2 modes is activated, the other

mode is automatically deactivated.

By pressing the button@, you will enter the sensor menu. The second option is “Re-

lay-1”. Press the button @ to move the cursor to this option, and then press the but-

ton @ to enter the “Relay-1 ctrl” page. In this section, the cursor is on the first option, “by Mod-

bus”, and by pressing the button @ , you will enter the “Are you sure?” confirmation page.

Relav-1 Ctrl
by Modbus

Press Set = 0k
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2.2. Carbon dioxide (CO2)

2.2.1. Method for Setting Relay 1 in Automatic Control Mode for CO2

By pressing the button @, you will enter the sensor menu. The second option is “Relay-1". By press-
ing the button @ , the indicator will be placed on this option, and by pressing the button @ , you will
enter the “Relay-1 Ctrl” page. In this section, by pressing the button @ , the indicator will be placed
on “by CO2”, and by pressing the button @ , you will enter the “Relay-1 CO2” page.

In this section, the first option is “Enable CO2” By pressing the button @) you will enter the “Are You

Sure? ” page.

ErE=evm e 2
Relav-1 Ctrl

by Co2
Press Set = 0Ok

S In Relay 1, when one of the Modbus or CO2 modes is activated, the other mode is

7N automatically deactivated.

2.2.2. To set the maximum control range for CO2

To access the sensor settings menu, press the @ button. Select the second option, “Relay-1”, by
navigating with the cursor using the ® button, then press the @ button to enter the “Relay-1 Ctrl”
page. In this section, move the cursor to the “by CO2” option using the ® button and press the
button @) to enter the “Relay-1 CO2” page. The second item on this page is “Maximum”. Press the

button @ to open the “CO2 Maximum” configuration screen.

AT

[TLLLITI
Mi nimum
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The adjustable range for both Minimum and Maximum is from 400 to 9950. Each
press of the ® and @ buttons changes the value by 50 units.

The difference between the Minimum (Min) and Maximum (Max) setpoints must not N
be less than 50 units (PPM). /@\

2.2.3. Setting the Minimum Control Range for CO2

By pressing the @ button, you will enter the sensor menu. The second option is “Relay-1”.

Use the @ button to move the cursor onto this option, then press the @ button to enter the “Relay-1

Ctrl” page. In this section, press the @ button to move the cursor to the “by CO2” option, and press

the @ button to enter the “Relay-1 CO2” page.

The third option here is “Minimum”. Press the @ button to enter the “CO2 Minimum” configuration

page.

e YU

Press Set = Save

The adjustable range for both Minimum and Maximum is from 400 to
9950. Each press of the ® and @ buttons changes the value by 50 units.
The difference between the Minimum (Min) and Maximum (Max) setpoints cannot

be less than 50 units (PPM).
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2.3. Mode

2.3.1. Set to the decreasing control mode

By pressing the @ button, you will enter the sensor menu. The second option is “Relay-1". Press
the @ button to move the cursor to this option, and then press the @ button to enter the “Relay-1
ctrl” page. In this section, press the @ button to move the cursor to “Mode Action”, and then press
the @ button to enter the “Relay Mode” page. The first option here is “ Decremental (-)”, where you

can set the device’s mode.

S S gER | FE=lou Tod=

by Modbus Imnw
Incrementalt+

] H
Status
Press Set = Save

Yy The decremental mode connects to devices that decrease the value. For example,
‘@‘ if you want to reduce the carbon dioxide level in the environment when the relay is
/ N\

activated, you should use the decremental mode.

The decremental mode works in such a way that when the value reaches the maxi- I
N\ 7/

mum range, it sends the “on” command, and when it reaches the minimum range, it —@—
/ N\

sends the “off’ command.

2.3.2. To set the device to Incremental Control Mode, follow these steps

By pressing the @ button, you will enter the sensor menu. The second option is “Relay-1”. Press
the @ button to move the cursor to this option, and then press the @ button to enter the “Relay-1

ctrl” page. In this section, press the @ button to move the cursor to “Mode Action”, and then press

the @ button to enter the “Relay Mode” page. The second option here is “Incremental (+) ”, where

you can set the device’s mode.
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by Modbus

[Tl H
Status

In Incremental Mode, the control action works by switching the relay on when the

[
N~
—®— value reaches the Min (minimum) range, and switching it off when it reaches the
/ N\

Max (maximum) range.

When we want to increase parameters such as temperature or humidity in an en-
vironment using the system, we use the Incremental Mode. In this mode, when the
parameter reaches the Min range, the relay is turned on, and when it reaches the | — -

Max range, the relay is turned off. This allows for controlled adjustments based on =

the set parameters.

2.4. Review of Relay Settings

2.4.1. Modbus

It displays the relay control status in Modbus mode. You can see the Modbus register number.

By pressing the button @, you enter the sensor menu page. The second option is “Relay-1”, and
by pressing the button @, the cursor moves to this option. By pressing the button @ , you enter the
“Relay-1 Ctrl” page. In this section, by pressing the button @ , the cursor moves to “Status”, and by

pressing the button @), you enter the “Relay-1 Ctrl ” page.

Relavw-1 CtrlL
by Modbus
ModbusRes = 13
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2.4.2. Incremental Mode for (CO2)

The relay control status is displayed in the Incremental Mode for CO2. You can view the Modbus

register number.

By pressing the button @) , you enter the sensor menu. The second option is “Relay-1” and by press-
ing the button @ , the indicator will move to this option. Then, by pressing the button @, you enter
the page “Relay-1 ctrl ” In this section, by pressing the button @, the indicator will move to “Status,”

and by pressing the button @ , you enter the “Relay-1 Ctrl” page.

| Ealau-1 Cir ||
Relav-1 CtrlL

by Modb
= CSE us by Co2

Incremental(+>
Mmi =400 Max=2000

2.4.3. Decreasing Mode (CO2)

The relay control status in the Decreasing Mode (CO2) is displayed in this setting. You can view the

Modbus register number associated with this mode.

By pressing the @) button, you enter the sensor menu. The second option is “Relay-1”, which is se-
lected by pressing the @ button, and by pressing the @)utton, you enter the “Relay-1 ctrl” page. In
this section, by pressing the @ button, the cursor moves to “Status”, and by pressing the @ button,

you enter the “Relay-1 Ctrl” page.

= Relavy-1 Ctrl
by Dogeus v coz

Decremental(-)
mi n=400 Max=2000
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3. Configuration Parameters for Relay-2

The settings for Relay-2 are similar to those of Relay-1, with the only difference being that in the
settings menu, you must select option number 3 (related to Relay-2) and then proceed with the

necessary configurations.

i ) = |
Modbus

Calibration
SNMP

4. Calibration Settings

4.1. Methods for Adjusting the Span Coefficient for Calibrating the Co2 Sensor

In the calibration process, span acts as a multiplier that indicates the rate of change in the measured

value relative to the actual value.

This value is used in the equation:
zero + x X span =y

where x is the measured value and span is the coefficient.

The adjustable range for Co2 Span is from 0 to +10, and each press of the button changes the value

by 0.1 units.
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By pressing the @ button, you enter the sensor menu. The fourth option is “Calibration”, which is
selected by pressing the @ button, and by pressing the @ button, you enter the Calibration page. In
this section, the cursor is on “CO2 Span a”, and by pressing the @ button, you enter the “Set CO2
Span” page.

Press Set = Save

Auto SelfCalib

4.2. Methods for adjusting the Zero coefficient to calibrate the Co2 sensor

In this equation, Zero acts as the intercept, serving as the base value that must be added to the
product of x * span to obtain the final result.
The adjustable range for Zero Co2 is from -10 to +10, and each press of the button ® and ® chang-

es the value by 0.5 units.

By pressing the button @), you enter the sensor menu. The fourth option is “Calibration”, which you
select by pressing the button @ to move the indicator onto it. Then, press the button @ to enter the
Calibration page. In this section, press the button @ to move the indicator onto “Co2 Zero b”, and

then press the button @ to enter the “Set Co2 Zero” page.

o
Force ReCal
Auto SelfCalib

4.3. Methods for Adjusting the Span Coefficient for Calibrating Pressure

For humidity, Span is also a multiplier that indicates the rate of change in the measured values rel-
ative to the actual scale.
The adjustable range for Span Pressure is from 0 to +10, and each time the button @ and @® is

pressed, the value changes by 0.1 units.
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By pressing the button @), you enter the sensor menu. The fourth option is “Calibration”, which the
indicator highlights when the button @ is pressed. Pressing the button @ takes you to the Calibra-
tion page.

In this section, by pressing the button @ , the indicator moves to “Press Span a”, and by pressing

the button @ , you enter the “Set Press Span” page.

1.8

Press Set = Save

Auto SelfCalib

4.4. Methods of adjusting the Zero coefficient for calibrating Pressure

In this context, Zero also represents the offset and acts as the base value for converting pressure.
The adjustable range for Zero Pressure is from -10 to +10, with each button press @ and @ chang-

ing the value by 0.5 units.

By pressing the button @, you will enter the sensor menu page. The fourth option is “Calibration”.
By pressing the button @ , the indicator will move to this option, and by pressing the button @, you
will enter the Calibration page. In this section, by pressing the button @ , the indicator will move to

“Press Zero b” and by pressing the button @ , you will enter the “Set Press Zero” page.

Force ReCalib
Auto SelfCalib

4.5. Forced Recalibration-FRC

Forced Calibration (FRC) is one of the features of the sensor (our sensor model) used to restore
initial accuracy and compensate for errors caused by deviations over time or during the sensor as-

sembly process.

This process is performed using an external CO2 reference value (typically 400 or 480 ppm) to bring

|27

the measurement accuracy back to the desired level.
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The sensor must operate for at least 3 minutes in its final working mode (e.g.,

I
N\ 7/
—®— periodic measurement) and in an environment with uniform and stable CO2 con-
/ N\

centration.

In cases where you have another reference sensor and wish to match this sensor’s N
5::;1

output to that reference for any reason, you can use this feature.

| Note: This calibration is different from the Span and Zero values set in the menu.

N\ 7/
'/@\' After performing the FRC process, make sure to set the Span value to 1 and the

Zero value to 0.

By pressing the @button, you enter the sensor menu. In this menu, the fourth option is “Calibration”.
Press the @ button to move the cursor to this option, and then press @ to enter the Calibration page.
On this page, press ® to move the cursor to ‘Force ReCalib”, then press @ to enter the “Force Re-
Calib” screen. Pressing @ confirms OK and takes you to the “Are You Sure?” page.

On this screen, press @) , and after a few moments, a message will appear. Then, by pressing @ ,
you will return to the main screen. After 100 seconds, you can view the values of channels 1 and 2,

or press @ to enter the device menu.

T e ne e
4

Co2 Zerg (g
Pan

Press SPa

)
2 | Force ReCalib
4
L

Auto S;LPCa i Press Set = 0k Press Set = 0k

Waitin9... Loadine C[@s6]
FRC Successfully Press:! 834 hPa
Press Set Exit
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4 .6. Automatic Self-Calibration-ASC

The Automatic Self-Calibration (ASC) feature in the SCD4x series sensors is designed to ensure
long-term stability in CO2 measurements without the need for user intervention.
This algorithm operates under the assumption that the sensor is exposed to fresh air with a standard

CO2 concentration (approximately 400 ppm) at least once per week.

The ASC algorithm automatically analyzes the long-term behavior of the sensor
and adjusts it when a deviation from the reference accuracy is detected.
@ This feature reduces the need for manual calibration and enhances measurement

reliability in long-term applications.

If the sensor is used in applications where it is never exposed to fresh air (with ap- \®’
/ N\

proximately 400 ppm CO2), it is recommended to disable the ASC feature.

<1, In environments with stable and uniform CO2 concentration (such as enclosed
‘@‘ spaces without proper ventilation), it is recommended to use Forced Re-Calibra-

/ N\
tion (FRC) instead of ASC.
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I
_‘@’_ After completing the activation or deactivation of the automatic calibration, it is not

possible to proceed further. You must press the @ to exit the process.

4.6.1. Automatic Calibration Activation

By pressing the @ button, you enter the sensor menu.

The fourth option is “Calibration”, which is selected by pressing the @ button, and then you enter the
“Calibration” page by pressing the @button.

In this section, press the @ button to move the cursor to “Auto SelfCalib”, and press the @ button to
enter the “Auto SelfCalib” page.

On this page, by pressing the @ or ® buttons, the cursor moves to “Enable”, and by pressing the
button @ , you enter the “Are You Sure?” page.

On this page, press the @ button to confirm OK, and after a short while, the Change ASC page will

appear.

Enable RASC

Press Set = Save Press Set = 0Ok

Chang9e RSC
Successfully
to Enable
Press Back = 0k

Waiting...
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4.6.2. Deactivating Automatic Calibration

By pressing the @ button, you enter the sensor menu.

The fourth option is Calibration, which is selected by pressing the @ button, and then you enter the
Calibration page by pressing the @ button. In this section, press the @ button to move the cursor
to Auto SelfCalib, and press the @) button to enter the Auto SelfCalib page. On this page, by press-
ing the ® or ® buttons, the cursor moves to Disable, and by pressing the @ button, you enter the
Already ASC page.

On this page, press the @ button to confirm OK, and after a short while, the Change ASC page will

appear.

Already ASC
is Disable

Press Set = Save Press Back = 0k

Changse RASC
Successfully
to Disable
Press Back = 0Ok

Waiting...
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Wiring

RTU/PLC

a/pt =
B/D
B +24v
o
- supply
o
=2
s .
2 o S RELAY 2 COM -
3|z § 220V / Line 1
Ll
[«'4
RELAY 1 COM 220V / Line 2

Neutral
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RS485 Network Wiring

\®/ Up to 128 Modbus devices can be present in a network nominally, but practically, based on empirical experience, the recommend-

7N ed maximum number of Modbus nodes in each Modbus network is 25.”

RTU/PLC

BECLEELLL Lo

and other
Modbus products
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