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Introduction

In the framework of the ICOS Cities – PAUL, a H2020 European project aiming to assess different

techniques and methodologies to better estimate the CO2 emission in urban area, the LSCE and

Origins.earth are developing and deploying a network of 30 “mid cost” CO2 NDIR sensors within Paris

and its near suburb. In addition to few stations equipped with high precision spectrometers, such dense “mid

cost” CO2 sensor network allows a better monitoring of the complex spatial distribution of CO2 gradient at a

local scale. In order to represent larger footprint and avoid the direct measurement of very local CO2 sources

(e.g. traffic) difficult to handle by inversion model, these sensors are deployed at the roof level (between 25m

and 180m agl). With such network configuration, the typical site to site CO2 gradient observed in Paris is

limited to few ppm and up to 10-20 ppm depending mainly to the meteorological conditions (wind speed,

mixing layer height). In order to be able to monitor this atmospheric signal, the “mid-cost” CO2 sensors

accuracy target has been set at 1 ppm. On the other hand, we aim to reduce the cost of the sensors by

an order of magnitude compared to high-precision analyzers.

The 10 first CO2

monitoring boxes

designed with SUEZ

are using HPP CO2

sensors, a NDIR sensor

prototype from Senseair.

Sensors have been

deployed in Paris from

2020.

HPP Sensor at LSCE or La 

Défense (180 m agl)

Picarro at LSCE (12 m agl)

23h – 05h (local time)

12h – 17h (local time)
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Sensor data logger issue

HPP Sensor at La DéfenseHPP Sensor at La Défense
HPP Sensor

at LSCE

RMS Error : 0,5 ppm
3 months

HPP Sensor at 

LSCE

Sensor integration

Sensor characterization Data Processing

Performance assessment

Touch Screen

Generic data logger

Remote access

Electrovalve

To select inlet 

(ambient air, 

tanks)

• Antena ports (GPS, Wifi, 4G)

• 2D Sonic anemometer port

• Ref spectrometer (LI-7815) port

• Gas inlets (up to 4) and outlets

• Main power (230 VAC) -50W

Pump + 

flow meter

UPS

Daughter board
(sensor specific)

GHG measurement Cell

Air Quality measurement Cell

Different cells according to 

measurement constraints. Internal P, T 

and RH sensors. Fan to homgeneize 

gas and avoid dead volume.

CH4 sensorK96 CO2 sensor

Cell equipped with a K96 Sensor 

(mounted on daugther board)

or …

PARIS

Existing Mid-Cost CO2 sensor network (SUEZ)

ICOS Cities supersites (total colum, flask, AQ…)

Existing CRDS urban Network (LSCE)

ICOS Cities Mid-Cost CO2 sensor network (under deployment)

Performance assessment conducted at LSCE by measuring the CO2 difference

between Mid-Cost Sensor corrected/calibrated data (see Data Processing section)

and Calibrated ICOS ATC MLab reference High precision CRDS analyzer while

collocated. Mid-Cost sensors are installed outside on the LSCE rooftop (field

conditions).

Data set: ambient air (not dry); hourly mean data; whole day

20 new sensor logger boxes, so called

“AtmoBox” have been designed, built and

are currently deployed in Paris. These

AtmoBoxes consist in a modular multi

sensor monitoring platform for GHG (CO2,

CH4, N2O, H2O…) and Air Quality (NO2,

O3, VOC, NH3, H2S…) measurement.

For Paris Network, AtmoBox is using NDIR

sensors for CO2 measurement : a new

Senseair prototype (K96) and a Vaisala

GMP 343. Each AtmoBox is equipped with

a sonic wind sensor to monitor the wind

conditions at the air sampling point.
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HPP Sensors (ID #)

5 days 19 days 19 days 19 days 90 days 70 days 125 days 69 days 75 days 80 days

Overall comparison 

duration (taking all the 

collocated periods)

1.06 1.26 0.93 1.04 2.46 1.48 1.51 1.85 1.18 2.29RMSE (ppm)

Overall HPP performance in field conditions

Averaged HPP sensor RMSE = 1.51 ppm +/- 0.53 ppm

Both system, old HPP monitoring boxes and new AtmoBox,

have a 4G modem to send automatically the data daily. They

are also equipped with controlled (by sequencer) 3 ways

solenoid valves in order to measure regularly calibration

and/or QC cylinders. At least, one cylinder is measured daily

(in afternoon) to correct the short term variability. Due to

safety rules, the cylinder and Sensor boxes are enclosed in a

vented, weatherproof casing.

1. Pressure and temperature sensitivity

determined in climatic chamber.
3. Initial Multi point CO2 calibration 

(using WMO calibration tank set)

2. Water vapor correction

Instrument specific

Instrument specific

Instrument specific
Raw data

Auto quality 

control
With internal parameters (detector Temperature, flow rate…)

H2O 

correction

Pressure 

correction

Temperature 

correction

CO2 

calibration

Drift 

correction

Sensor Specific : correction determined in Lab

Sensor Specific : correction determined in Lab

Sensor Specific : correction determined in Lab

Sensor Specific : calibration determined in Lab

Using daily tank measurement (linear interpolation 

between tank measurement)

Calibrated 

data

Ambiant air

Auto quality 

control

H2O 

correction

Pressure 

correction

Temperature 

correction

CO2 

calibration

On-site tank 

gas

Each site/ sensor is sending automatically its raw data to data server 

which is processing the data according to the sequence presented above.

La Défense

LSCE

C
O

2
 d

if
fe

re
n

c
e

H
P

P
-R

e
fe

re
n

c
e
 (

p
p

m
)

C
O

2
 (

p
p

m
)

Typical sensitivity (magnitude):

▪ Pressure (1st order): 0,65 ppm CO2/mbar

▪ Temperature (2nd order): -5 to +1 ppm CO2/°C

▪ H2O (2nd order) : -0,5 to -2 ppm CO2/%H2O for

400 ppm CO2 (depending to CO2 mole fraction)


