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circumstances. Korea should reduce a total of 276.5 million tons compared to BAU (850.8 million
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tons) in 2030, and the agricultural and livestock sector should reduce 1.6 million tons. In order to
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Machinery Engineering achieve this, this study was conducted because it was necessary to identify major greenhouse gas
Thisis an Open Access artide sources. The criteria for the year of use were divided into three stages: 5 years or less, 6 to 10 years,
AT distrbuted under the terms of and 11 years or more, and 18 agricultural heaters actually used by farms were set, and gas from
theCreative CommonsAttributionNon-Commercial exhaust pipes was collected and analyzed. As an analysis device, a gas chromatography system
License (http: //creativecommons.org/licenses/by- . . . ..
) . . , (Agilent technologies 7890B) was used, and as a result of the analysis, the average carbon dioxide
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use, distrbution, and reproduuction in any mediurn, emission concentration was 971.83 pmol/mol for 5 years or less, 1,209.83 pumol/mol for 6 years or
provided the original work is properly cited. more and 10 years or less, and 1,268.5 umol for 11 years or more. More samples will be required
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for accurate results, but when comparing each value, it is judged that there is a difference in carbon dioxide emission
concentration depending on the year of use of the agricultural heaters.

Keywords: Gas chromatography, Carbon dioxide, Emission concentration

Introduction

1992 6% §-917] SR} oko] A v A= 7w o] “BEe] Tefu} 2pase Relof wfet Zixhe] Selof g
Al 2A7IAE 45T A2 2FESHATHUnited Nations, 1992). 0% 19974 A3} -5-907]) B 8}4] HUNFCCC) FAFE 2
gl(corP3elre AN=E £FA Q0 2A7EA ZE0|F-E 1737 A& A X (Kyoto Protocol)”F A | 1.2 Ur(United
Nations, 1998) A% =ol|ft 24 7kA 745 o] B5 Hakstd A4 %L, 2015 A2 12k FAFE3](COoP21, THe))oll A= 2020
URE RE 277} gofshe A7 3449 7to] & nhe] H % (Paris Agreement)©] XHE}E O 2 (United Nation, 2015) 2131
BE STV AR 8-S Bidste] 2A7EA 5ol Zofshs B ARl A7} ri H i
SeluEhs F7PE 7o R INDC) < 201540l AE5H 0™, 2023137 E] 51 Tl 2 nf] f7go] of3) Y 7] &
24 7HsAS H7151H7] et o3& Z(global stocktaking)©] Al %E ChJeong et al, 2019). 2-2]Lk2ke] INDCE EH 2030
BAU (850.83%F ) tjH] & 276,587 &2 7455 536HRH & o|Ul = A5 3 = olal Qlom, 554 Fi9] 7\:%— =
EFL BAU (20787 &) thH] 1 689 =8 7425} 19,087 = o] ChMinistry of Environment, 2018). 9-2]ur2he] 2AI7kA 2
&2 20189 7]E 727,69 Z0] 11 I o| etk A HiSTS2 664 7T EO 2 T HiET § iR AFAlskaL Tt
(KOSIS, 2021). 90| ©] % A 3.50%%] S7FskaL Qo] Al -2t thju] 2] 247EA v & 50 274511 et
(Park & Kim, 2019). 2% F7 l% A7)0 220 A2 flal 24z AR Qe s IAIYdolE Eekal, = 71eA
EZHKOSIS)Y 57 A ERFAZoIU 57 Aol S B EAF ol 5§ H7 = FHE0] Atk sFA R AE
RS o|F7] Sl 2 %e‘7}iﬂﬂ 2 A g /o] AL, ofof| wle et LAV IA i E TS o 2 27 Tk
7| S ES}o]] TSt A 7+ F O H|(IPCC, Intergovernmental Panel on Climate Change)©ll A1 National Greenhouse Gas Inventory
= 1.Energy, 2 Industrial processes and product use, 3.Agriculture, Forestry, and other land use, 4. Waste, 5.Other 2 ‘55131 9|t} 1

_]>~1

EH

r lﬂ.

[ru

% 598 7]+ 1.Energy - 1A Fuel Combustion Activities - 1A4 Other Sectors®l] £53FCHIPCC, 2006). =& -2 A|AdH]7}
A5 £ AGIHE A2 L0, 1 BT 24 S0 24 £8 Ulgate s 2
T 7= ARG ARl W A, 5 S B, A 25 W] SoE BRETL & L*HWIQJ HxEG AR

-2 OF 80%, 3\ % 51 ARE-0] B9 9 63~64%, 101 O1F-2 2% = A}% A4 Ol S7Fetol w2t dagol 27 t%‘l-h A
2 RS THKim et al, 2011). 20158 57t A ti/doll Al g o= Qls) 2o —‘17}01%% ohE A
Aetol meh 57 7S A o= AAstelal, AaE Wek tol wiet AR q14) o] ke st
w2t 2 AFollre w9 8719 g TN BiEEs 7tAE RS, 71719 MRARY F ARE Aol w2
ojitetetAo) HiE F = Aol S HI WO 24 w1l 72 T 28 03719 oAttt viE %S mhofsalx) gt

O{tl

Journal of Agricultural Machinery Engineering 1(1) December 2021 48



Comparison of Carbon Dioxide Emission Concentration according to the Year of Use of Agricultural Heaters

Materials and Methods

7HA B O 4

=S
7t TR A R E AL 3/, AR AL AP 2] oo, AR F7toll A AREShs 58 dHTE TS
2 2 LA 17 8719 ARE A BollE A, S, 5 5 o8 7 d=7F AR A w7l E
A SEke e 4 It 5RE ARE ASEI0] 5YUS W] S 542 ASekE 71712 o= Agstei
918 I 2123 24 P, Y wAo] dhet AL 71 E0] D2, V1% W 2 Aol g e W sl o
Raujolt mebq AFE SAlE FAS Tefa) e thile] 7ha TS Sasiein Table 12 74 24 thiel
7171 AT} +4, 1% 9] A Holch ARg A4 o] A V&2 22 B Al w8 E79 dado] 34 Hsk= 51, 10
¥e 7|02 sfe] s of3h, 511 2t 10 ]38}, 104 22 L] EES AT} 7)7] 74 Wik ALg 14 MR
#Je}at 2} Table 29} 20| Z}7}o) I8 phck 27 0] 7k E3lo) My 2L Bl 4 Sk
Table 1. Gas collection target machine.
Number Location Usage period (years) Machine volume (Kcal/hr)
Sample 1 Gajwa, Jinju 6 40.400
Sample 2 Myeongseok, Jinju 11 180,000
Sample 3 Goseong, Goseong 11 350,000
Sample 4 Goseong, Goseong 10 250,000
Sample 5 Gajwa, Jinju 11 150,000
Sample 6 Sacheon 4 100,000
Sample 7 Gonmyeong, Sacheon 3 278,000
Sample 8 Sugok, Jinju 8 180,000
Sample 9 Sugok, Jinju 3 180,000
Sample 10 Geumgok, Jinju 5 180,000
Sample 11 Gajwa, Jinju 12 80,000
Sample 12 Sugok, Jinju 5 60,000
Sample 13 Sugok, Jinju 6 180,000
Sample 14 Goseong, Goseong 12 350,000
Sample 15 Goseong, Goseong 5 250,000
Sample 16 Sancheong 8 100,000
Sample 17 Sancheong 11 200,000
Sample 18 Sancheong 7 340,000
Table 2. Gas Sample information.
Variable Agricultural Heaters
Machine volume Usage period Usage period Number of target machine
(Kcal/hr) (years) (years) (EA)
x < 150,000 <5 4 5 2
6= x =10 6 8 2
=11 11 12 2
150,000 < x
x < 250,000 <5 3 5 2
6=x=10 6 8 2
=11 11 11 2
x = 250,000 <5 3 5 2
6=<x =10 10 7 2
=11 11 12 2
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Fig. 1. Variation of SPAD values in paprika leaves for 18 days after temperature treatment.

Table 3. Collection device specification.
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Fi . 27 Leaf color of paprika seedlings grown for 18 days after temperature treatment. (A) 10/5°C, (B) 25/20°C,
C) 35/30°C

ERE 7kA = B27%H] 9] Gas Chromatograph System (7890B, Agilent technologies Inc., Santa Clara, USA)& AF-&-510] £4]
AR} 7kA A =utE den] A0 Y= 1Yo R FHA 2AS TGk 9 oA E3t A AR
o] 7tA = Fejt WS SAIZIH, SHEC] tish S 8o/ A= A5 £0] 7 2o] o] eEE AHE P2
o=, Bl Eo] HEE HE7](Detector) g 2] 0 & FkoH i) 7|55 otk 7719 AE
7] PDHID (Pulsed discharge helium ionization Detector) S AF8-51% 0.1 o] AksterAof ek 7 &3t} 7li2lo] 7kAE 60
mL/minQ Z FFS A3 He (FE)S AHESIIL, 28 2% 80°C, HE719] &=+ 250°CE A7t Table 4=
PDHID?] 4] 278 UEpd Fo|ct.

Table 4. Collection device specification.

Division Condition
Detector - PDHID
Target ingredient - CO,, CH,4
Column
Packing material Carbogen
Materials UltiMetal
0.D. X length 1/8 X 1.83m
Carrier gas - He
Flow rate Carrier 60 mL/min
Temperature Oven 80°C
Detector 250°C
Loop - 0.5 mL

A 71719) 52 Fig 33t 201, 7)719] S0l A& 7EAE FAH| =W 7172k A E HIAA - oA 7|27} 22t
QA ==, o= 717] Qb2 2 7|A7} vk Lo ) S k= 7| =2 7pA0] 29)o] stk A S Eelohe S ol

24971719) QFg3t 3 B 7FA(Standard Gas) 578 9150 Rigas?] ©|AFeHekAy(DO14974) 7EAE 3 mL FE5t0] Al
A XYL, A W2 Th St 2T 7kA 290 & 24 71718 7He 5, Oven?] 2542 24 E29F80°CE RAIGH
Z130°C7HA] 15°C/mine] £ 2 A5 HTh o] F Oven?] £=7} 150°Col| A 3827F -§-2] = Post run (T3] 2)) 2 200°COA
F A1 Fig. 59 20] 250°C7F E 1L 2= 7F HofA|H 7kA B 0] Anpr} b 24 0] SR ETE EE 7EA)
Areadt-2 288,889, &= 506 imol/mol (ppm)2-= Table 52+ 2Tt
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Fig. 3. Spectral reflectance of the first true leaf of paprika seedlings according to different temperature
treatment and number of days. (A) 6 days, (B) 12 days, (C) 18 days

Table 5. Standard gas analysis results.

Gas Time (min) Area pmol/mol (ppm)
CcO, 10.065 288,889 506

EZ] 7FA(Sample)2] 717184 A7 UeRA WES- A4 (Response Factor)Hol| 2J8f) 5 7FA 0] 7} H| w5l o] Ak}
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5T 0| H|E H|woh= HPH O 8 7EA0] = S A4kE 4 Ql}, Al(1)2 EE 7hAe 23 7hAo] tgh Aotk EE 7HAS]
WA s, 23 7HA] WA 3 o] 8oto] 23 7HA] B g FA3I. ol & 50l EE 7149 Areattol 1000]H
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Results and Discussion

Carbon dioxide emission concentration
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Table 6. Gas analysis results.

Variable Agricultural Heaters
Usage period (years) Usage period (years) Concentration (umol/mol)
<5 4 5 917 964
3 5 951 979
3 5 997 1,023
6<x=<10 6 8 1,068 1,155
6 8 1,578 1,247
10 7 1,053 1,158
>11 1 12 1,236 1,309
1 1 1,254 1,266
11 12 1,232 1,314
Table 7. Gas analysis results average (Usage period).
Usage period (years) Average (umol/mol)
<5 971.83
6<x=<10 1,209.83
>11 1,268.50

Table 8. Gas analysis results average (Machine volume).

Variable Agricultural Heaters
Usage period (years) Usage period (years) Concentration (umol/mol)
<5 4 5 917 964
3 5 951 979
3 5 997 1,023
6<x<10 6 8 1,068 1,155
6 8 1,578 1,247
10 7 1,053 1,158
>11 11 12 1,236 1,309
11 11 1,254 1,266
1 12 1,232 1,314
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