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Development of a high-accuracy CO, analyzer for polar regions
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SUMMARY

Title

Development of a high-accuracy CO, analyzer for polar regions

Purpose and Necessity of R&D

The objective of this study is to design and develop a low-cost CO, analyzer using
a non-dispersive infrared (NDIR) sensor. This involves designing and integrating key
components such as gas concentration output, power supply, pump, and
communication systems. Compared to commercially available CO, analyzers, the
proposed system aims to enable high-resolution, extensive, and detailed data collection
in ecological, meteorological, and environmental research across broad geographic
areas.

Understanding the sources and sinks of CO,—both their locations and magnitudes—
is crucial for predicting climate change. The feedback processes associated with rising
CO; concentrations play a key role in reducing uncertainties in future -climate
predictions. To achieve this, continuous monitoring and observational studies are
necessary to quantify CO, exchange processes in major global carbon cycle regions.
This requires linking CO, flux measurements with their regulatory factors and

verifying CO, processing capacity estimates through field observations.

Contents and Extent of R&D

1. Development of a low-power, high-precision CO, sensor controller (hardware
design)
. Development of embedded software

. Design and implementation of visualization software (GUI development)

. Development of a wireless sensor network communication module and system

2

3

4. Design and fabrication of a mobile module

5

6. Testing and validation of the developed system
7

. User testing and evaluation

R&D Results

1. Design and development of a non-dispersive infrared (NDIR) CO, controller

_5_



Design and implementation of a graphical user interface (GUI)

Development of hardware interface components

Development of a wireless sensor network communication module and system
Implementation of software and algorithmic development

Design and fabrication of gas samplers, sensors, and mobile modules
Integration and testing of the NDIR CO, analyzer

Program testing and validation of the NDIR CO, analyzer

¥ ® N o U WD

Performance verification of the developed analyzer
10. Comparative performance evaluation and domestic field validation of the

developed analyzer

Application Plans of R&D Results

The field demonstration of CO, analyzers at observational sites can serve as a critical
foundation for climate change mitigation and greenhouse gas emission reduction
efforts. Accurate CO, concentration measurements and real-time monitoring can
support national climate policies and environmental management strategies.

The findings from this research, along with future improvements, will contribute to
the advancement of CO, analyzer technology and the establishment of a more precise
and effective greenhouse gas monitoring system. Enhancements in device performance,
cost reduction, and the development of an integrated big data system will further
improve the efficiency of observation networks, making them a significant subject of

future research.
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ranging from +10% / -15% and +/- 2Hz frequency change
(2) Air pressure effect on span
< 0,2% of measured value per 10 hPa (ranging from 760 ... 1160 hPa)
Thermal effect on span: < 1% of measuring span / 10K (ranging from +0C .. 4
5C)
(3) Ambient conditions
Storage Operating conditions
Temperature: -25..+70 C +5..+45 C
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Atmospheric pressure: 760 - 1160 hPa 760 - 1160 hPa
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(6) Output signals RS232 interface, baud rate: 9600 Baud *) analogue output signals for

each measuring channel : 0,050 ... 1,050 V (electrical output optional)
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Table 2 Average and standard deviation for validation of developed analyzer in this study

CO, F%=(ppm) Average(ppm) Std.dev.

0.6 0.6483 0.01314

430.12 430.979 0.26659
953.55 958.372 0.3011
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Fig. 21 Test results of developed analyzer verification
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Table 3 Average and Std. dev. for the analyzer developed in this study

CO, & %(ppm) Average(ppm) Std.dev.
0.009 0.00187 0.005186215
429.86 429.934 0.226383171
953.55 951.049 0.56031892
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Fig. 24 Test results of developed analyzer
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Fig. 25 Test results for LI-7810
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4 Date of Test - 2025 02, 06 ~ 2025 02 04

&, Location of Test ;

= ETL Permanent Test Lab
m Om Site Testing (kb | b, Cwsiil-gu. Seoul, Repubifes of Koves, Cangee] Filloe st i P h Bl 220 Dhoag. P 2111
|

6. Test StandardMdethod : Fefer o attzched resulis

7. Test Resmlts - Bafer to afached results

Wote - [ This report is limited to samples submitted by the applicant and is probibited fom being used for legal of
ather reasons of dispute,
I This doomment is walid only m i origieal dooument, and any reproduced copies and alecmenmic copies ane not valid
(“Origmal” means all the repors provided by the KTL inclading the securty procedurss )
3. You can check the contents of the repont by scapmine the 70 Harcods below. The sdentsty of original reports
can be checked in the "Coofirm onzine] repiort” window of the costomer's homepage (customer kil re kr).
4 This repor is not related o K5 Q ISOIEC ET025 & KOLAS Accrediation.

Tested by Technical Manager
Affirmation . H
[ame . CTHOL TAE HOON l=me - Bae Yun Kyume

2025 02.11.

Korea Testing Labora

723, Haean-ro, Sansmok-mu Ansan-si, Geeoazgi-de. KOREA Tel+82-31-300-0217 Fax. +82-31-500-0389

FP104-07-00
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Test Results

1. General details
DCescription - Greenhouse gas(iCOZ) measurément equipment performance fest
Manufacturer : KOPRI
Model names 3 KP-CO2-V1000-RO0
Serial Number : KPE24310C02V1000R00
Test environment ; Temperature (22.5 + 0.3) *C, Humidity (42 + 2) % B_H.

2. Specification of standard equipment used

Manufacturer Calibeation
Daseription Sarial Mumber Expiration date
P and hModel Laboratory
ERISS f
Std Gasilo;) DTo221 2028, 03, 11, KRISS
e 429,85 pmol/mal(*)
KRS 0133611 2028, 03 11. KRISS

Std Gas(CO;)
i 95355 pmol/mol

* 1 pmolfmal = 1 ppm

3. Test method procedure
1.1 After stabilization by injecting the standard gas, repeat the measurement 10 times

and obtain the average value.
1.2 Calculate the standard deveation

¥ Flow conditions © 0.5 Limin

FP104-06-00
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4. Test results

4.7 Gas concentration{CO.) Unit @ prmoldmiol

Standard valua {Indicative) average value Standard deviation
429 86 43058 0148
53 55 Q5774 0404

* Stabilization time : approcamataly 10 minutes

4.2 Product photos and test scenas

FPi04-06-00
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