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Emission Characteristics of Greenhouse Gases (CHs, N;O) in Mechanically Ventilated Swine
Farm during Winter Season
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ABSTRACT

The emission characteristics and emission factors were determined by measuring the concentration of methane (CHs) and nitrous oxide (N;O), the
amount of ventilation, etc. in the two fattening rooms which have the same environment in winter. As a result of monitoring, the average concentration
of CHy and N,O was 20.7-26.7 ppm and 1.4-1.6 ppm. The average temperature inside the room was measured at 20.0-21.4°C, and the average
ventilation was 1345.4-1567.3 m*h. The daily emission of CH, for the first 30 days showed a constant emission of 3.6-8.2 g/d/m%pig, but thereafter,
the emission increased rapidly. The daily emission of N,O was 0.7-1.3 g/d/m%pig, showing stable emission during the test period, and relatively
insignificant emission compared to the emission of CHs. After repeated test, it was confirmed that there was no significant difference between the two

rooms. As a result, the CH; 6.21 g/d/m¥pig and N,O 1.02 g/d/m*/pig average emission for each room was derived.
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Aol A HHAES B shgch 1831 2|2 Cardador et al.
(2020)= 7FEoll A A7 BiEF A AR A 2
3} Aol 14.5%0)14 50.0%7HA] AR 4= Qlekal sHgick
SAlo A o] 24712 viEd 5 mlE (CHy, methane)2 ©]
AFSERA (CO,, carbon dioxide) Th-O. 2 71AF who] W& 5
53], CHyZ oF:t3Ha 4 (N,O, nitrous oxide) 2} gHA| |12
4312 4> (Global Warming Potential; GWP) tijd] CO,}X.t} Z}
7} 281, 265Hi= 7] F-HS}o] m| 2= Fafo] mje- E A o=
LFERGTE (IPCC, 2014). whebA] AR @fofle SAF U - 97,
Seld] TEoA ngEdt dAvtE o] viEss 247K At
S0 oA = - el A 3= AL it (Kam et al,, 2011;
Jeong et al., 2017; Shin et al., 2019; Zhuang et al., 2020).

ZA90A] HEI 2APAL 7o) A uhEe) i
of A% W B e TpgolH ol AT Ik (Massé
et al, 2008). 2 thrire] Sl EAF R 7o) &
k5 AT & AYAER o]FA7|AL oo, AT F
QF CO,, CHy, N;OS} 22 2417127} WA EI T (Amon et al,,
2006; Dai and Blanes-Vidal, 2013; Wang et al., 2014). &
ZAF ARSHo) A= UNFCCC (United Nations Framework
Convention on Climate Change)ol| A|&38 7} 118 dlo]g] L
22 99 ASH 0T LA WfE HIhE st 9l
of Azl=o) A7 =7t G wiEAS AR e F 5
AR BAE CHLE NO= 7PEE 43~ 87%9] 1L HiEA
5 Agokar QAT oA 9] A-8-E-2 CHy 7%, N.O
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< 27%= 19 W olrk ofof] wheh SfjollA e FAHY]
U] LA7FA viEeko)| it 7l QAIEA Bl - SAs
gt A& AEe L EIITH (Greenhouse Gas Inventory and
Research Center, 2014). =] -&AI7FA wlj&ef ARY ASAS
#o|aL, =7} IfAS A8ES ANH ez S5k fel
FoFAAT, AA FAHE =W fHiEAls =2 ol
ojela golc,
wEbA 2 d7ts = fEiEAls A 9
Z ASHE HgEARIA A7 B, SV, 2R A
Ao 245l LAk a2 e A

7} sk,

-lo -1>L

m)9| u]-ZE“y e =y Jx9o] Tl =8k 23
A, B)ollA =391t} (Fig. 1(a). ZF =H] 7] S34S
FI o 7L B R K=, vl B 5%
T B o olol i A1 70 Aol
o (Fig. 1(b)). & A2g42 S2f2] vE FE= &

ARSI (W E Z1o]: 0.45 m), PR concrete ﬂoorﬁ}

(room

plastic slatted floor7} 1:12 H]-&0]¢lc}. =AF U] T E #gl=
Hx]o] A& 44 (all-in) A ’\5'1‘“/]2 W skl A
S ANjslslck Eok A Q4] Rk Ao AE
ol A= Est A7EA] S E A ohoteh d4lE =3
(I 303 kots B3h AR AR shgon, 54
7] )2t BlS7] (659 & 4F S5t (BoAlS: 917 ke) =
e

AE ZHF ¥ AR S5 room A 96U}E], room B 102
ohg|glom, AR TS Ht 1.01 mYpig ¢} (Table 1). A3
2 47171 B 3 HS AREE S| sl o
(172 - 2120, room A, B: 439)), 7} =8P = CH,9F N;0O9] i,
W, =5 ARt s HUHPSH

Table 1 Performance of pigs during the fattening period of two

rooms
Parameter Room A Room B
Rearing period 12 - 213 1/9 - 2/20
Number of pigs 96 102
Stock density (m?/pig) 1.04 0.97
Initial weight (kg)’ 29.1 315
Final weight (kg) 92.3 91.1

" Initial weight for growing period

.~ _Exhaust air chimney

<= Fan
———» Airway
. Sampling point
= == Plasticslatted floor
L Slurry pit
@ Concrete floor
Pen wall
" Sampling Line

2 E - V
250¢m ;
— ——

555¢cm 85cm 555cm

Fig. 1 Schematic diagram of experimental pig farm,

(a) inside the pig farm, (b) mechanical ventilation pathway of side view
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SATNE T SAL FIET TEE BUEY A2
(INNOVA 1512, LumaSense Technologies, Denmark) 2 HE]
EQE AlZF (INNOVA, 1409, LumaSense Technologies,
Denmark)E 2H8-5t0] = W 9717 (5374 9 Hli7]+- (g
719 ESThelA AAZE BUE RS WA W o s R
B 247] HEE ole] =2 ko] 214 A%t glass wool
g 9 2 E (TPC Mechatronics Corp., PF2-02BD)E A
AstRed, MES 24912 PTFE (Polytetrafluoroethylene) &
BE AN B A A 24710 14 U A% A5G
Yol 1= 24 (Rigas 99.999%, Dagjeon, Korea)S ©]-&35
of Hpe] S B o H, CHy EE7F (Rigas 502
umo/mol, Daejeon, Korea), N;O EF71A (Rigas 1.09 umol/mol,
Daejeon, Korea)S 0]-&35}0] TEQIE WAL 43519tk =
e 1320z E o, wiARE Z2F S 91A]0llA 103]
A7 F 6-103] SHUS Btse= ARSI (Jo et al,
2020a).

719 M5 S (AR AT &
AA "ol osf) AT (18] 22 $skglon 1A]7F %
k= o5t BV M ThEEol e I M 9
o) m=ydil-g % 7]€A}8+3] (American Society of Heating,
Refrigerating and Air-Conditioning Engineers; ASHRAE)o]| 4]
AABEAL Q= 71580l AgFeAl Aldke 4 2] SA4%
X & o]-&3d}o] vj7]7E (Vostermans Ventilation BV Multifan
4E50 (2630), Venlo, Netherlands)of F2Fs-3ich 755 (30,
50, 70, 100%)°]l whef 275k SHA] W oo &5 FaliAl
a7 = 371619 A (P, kgmis)2t S (P, kgys))]
2= 2F=A 7] (TSI, DP-Cale 5825, US)= =7slo] 59

L E

Tl

oﬁ

(P, kg/m/s) 5 AAFSISITE (ASHRAE 1993). 015 A &
ol T/WE (p 12 kgm)E U F11, SAH o WA
, m)& Fto] A)zhE ﬂ7l‘“* Vo, M) .2 3251}
(A (1), (). A2t 9] AS F7b0] | 24& 913

Z718k0l logistic regression 372 A2 AR5l 3] FAS
=&AL, A AFA S ERE AW 7 ES sk
37)eS AM=31AT (o et al., 2020b). 1 A} 379 7=
£0] 30~100% © F7]12F2 room A 1,372~4,145 m’/h,
room B 1,260~4,428 m/hlo.m, AA| HAFol A &-8-5|%] ¢

= 30% olsh= Sl AlefskGick
Py=PF—P, @
2% P,
I/ﬂmu =AXx p X 3600 (2)

AL

[N -]

3. HiEA
H Lo A= steady state chamberE 7|WFO 2 3t mega
chamber 2 2Hg-5to] Uolg == shte] <] ez
731 tt (Brown et al., 2000, Thompson et al., 2003). 1/\]7P
Ao ® 3% CHF N0 A B (AC, W7 | 24
71~ 5 (Cow, ppm) - U710 2A7ES S5 (G ppm))°ﬂ
3¥712F (Flow rate, m*/h)S &3t 3, =X} WA (dreq, m®) Y
AR 2 L Sejeag, ATl Al
EEE 2474 W& (Eg mg/m*hpig)S AP
4= 9lrt. ofef AloA] e FEUF (P, 101,325 kg/my/s).©.
2 st eon, BA 04 kgkmo), GUHARAAE: (R
8314x10° Pa - mVkmol/K), €= (T, K)= 1125}] ggo}ga

c}.
_ AC PXM
E,,, = Flow rate X Treaxn T G)
YR SR, Sl AU S o
g oleato] WS 19] SHolE ABt T ALgSE

Lo g/pig/day/m’ 5}94 2 HE LAV HEASRE A
aHoltt 3t 2F AREE wEAS (Ew) ] CO, 1 kgo] 3
Bl &R Shatsto] 247k el it 4 vlws flet
of, IPCC (2014)°l|A] XIS = GIVP (CHy: 28, NO: 265)
2 A83lo] CO, A (CO.eq., Carbon dioxide equivalent)

& AAbsle] Bl st (A (4)).
6027611 gas x G'I/ija5 (4)
4, SHEN
B ool A EAERo] 903} 1l Al ZALE 98] B
A 2ZE o] Jamovi (Version 1.2.16)5 o] 43}10] BA LA
< FYoidict. 4% flojglo] Shapiro-Wilk test}

Kolmogorov-Smirnov testS 2]-&5}0] A4 A4 (normality
test) & WAL (p0.05; HTFEE 714). A A e
22 SPE WEsA] Zele 180 29 MEHel
Spearman’s correlation method (p<0.05; 15 7+ §-2Ju|3}
) Q192 ATAS BRI e 7 B
A7k~ WiEEF I8 7 "tk 2] HAL 98] AFEEY
739~ Student’s T-test, B FEE 2 79 Wilcoxon rank testS

o
AXBHATH (p-value > 0.05: 18 7F Ht 2po] 1)

f
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2 Hourly monitoring result of greenhouse gas and environmental conditions, (a) methane

concentration, (b) nitrous oxide concentration, (c) ventilation rate, (d) indoor temperature (A:

room A, B: Room B)
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1, DLEE Ao}

b 2AIJIA U SAXA

Fig. 20f| H|57]7F 4347} CHy, N OS] A 5, A
o Bl A 274 AnE T gepgsd &
A 717t ot 7+ =uro] CH,Q) H4t 5%+ Room A, Room
Bojl A 242} 20.7+15.3, 26.7+22.7 ppm 2.2 YERGAL, o &
Tl 1763, 265.9 ppmO.E BEEQITE N,0O] Bt HEL
Z}ZF Room A, Room BoJ|A] 1.6+0.3, 1.4£0.4 ppm .2 =4 E]
AR, F e 4.3, 3.7 ppm=E YEFITE Zong et al. (2015)
AZA HSEANA B5EE= CH4 N09| Fts=Es
Z¥7¥ ©F 200, 0.3 ppm o= RIS, 2 AIY AupEoh
R ofh gk szolgic.

x| I %= Room A, Room B7} Z+zF 21.4+1.3,
20.0£0.8CE UATt oF 08 Y L5E SX|dl= Aoz
el =9 ¥ 278 Room A 1345.4+223.7 m'/h,
Room B 1567.3 + 4342 m’h& Room B2] 3F7]2Fo] Ao H|3]
T B8 SE0R PREE), ol ¥ 97 AJF B
2ol whef g Aj2Fe] APE ARl Sl whE Ao = AL
gHch E AFA A g nlejd S| Het 147
m3/h/pig (Room A 14.0 m3/h/pig, Room B 15.4 m3/h/pig)i =
433k

EIEH

2
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Fig, 3 Diurnal graph of greenhouse gases concentration and
environmental  conditions,  (blue  line)  methane
concentration, (green line) nitrous oxide concentration,
(black line) ventilation rate, (red line) temperature, (a)
room A, (b) Room B

L}, LHSH 4
AlE 717k &3F Room A, BO] 247k 5% (AC), 2|,
2% W A hET] As ATE Fig 30 SIS
itk =HF ¥ 2= Room A 21.0~21.9°C, Room B 19.5~
20.6°Co] RIS UEhSlom, 13~15A] Afolo] 2aL &
6~72] Aolo] 2 LEZ F|Zagick £ 8 F]eFo] 7g
S0 Room A 1,297.6~1436.9 ni/h, Room B 1,383.2~1,8983
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Fig. 4 Diurnal graph of emission in each room, (a) methane, (b) nitrous oxide
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of ZlYigto® HSE oy &gk EFRsHAl YeRyith
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Fob W2 el MAY, A ohely
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A7 v AR 1 olth Al 7Tt E<t CHy
o HjZEk2- Room A 3.7~20.3 g/d/m’/pig, Room B 3.6~
23.5 g/dm’/pige] MR Vel 24 v &) 2 wiES
o] #fo]7} =7 BAE|ITE Room A, B 25 ] 77 302
7H2] Room A 3.9~82 g/d/m*/pig, Room B 3.6~5.9 g/d/m*/pig
W9IZ U ST RO, ol U CH, WAl
Z7Fk3itt. £3], Room Boj|A= F7} 9F4ko] Room Adj H]
o EaehA ST ABATAAE TESh i R
Atolo] w1 F7t (headspace)o] 25, B Eo] AAH i
o] o1k 2SS CH,| Whae} Z7hE WIS} (Ye e
al., 2009; Dong et al., 2011). & ¢I519] =A} T E U] 7[&ike
L AET B9 WEEA oot Bk Zol ZolAn
headspace] 3]z 2obA| CH, HHAlege] Z7Hs19e Ao
wehglch 31, Park et al. (2010)S CH, vi&E 2712 9)E
W 0] 27| to] dojdes f7l4te] 45, ol
CH, AY/dto] 71- R ol§shr] Wiz Hisilet. o|A4F
EAF WE v AAI70] Akl et w)E o #7148
o osf nAE (CHy Aat)o] S48kl CHy o) A=) 5
715IRS AL 2 AFREC} (Lin et al., 1993, Park et al., 2005).
whebA] CHa o) AT 57k A7 &9 A= i
po] Z712 WebElAL, ATE MG At el Ao
2 27129 a7} asik

NOO] ©h9] WA, 7] npejd U viE%-S Room A
0.8~1.3 g/d/m*/pig, Room B 0.7~1.3 g/d/m*/pig®] M= 1}
EfLE AIE 717E 54t Mg HiEs Holon, CHLO| uiE
of sl G oz nujsilch A Rz iE 7]y
= N,O= AAES) (nitrification), B3} (denitrification), Y%
Yot} anamoy) 34 % F7H A ER SARLT A
#] QJt} (Poth and Focht, 1985; Oenema et al., 2005; Kebreab
et al,, 2006). 53] N,O9] T 27]9F F719] S AH

T
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Fig. 6 Box—plot and distribution curve of daily green house gases emission in each room, In addition, the emission factor

calculated as the average of the two rooms is represented by the red dash line

o)A o]FOJR A, o]e} e 271 ThEi (S 2])olA
= &8 dAog HuEil itk (Monterny et al., 2006;
Cabaraux et al., 2009; Philippe and Nicks, 2015). & ¢15L9]
e TE RolA A7 AdEE AREIL §lo,
09| W] W Ho® T,
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o} ufEATE AMYsIiTt (Fig 6). =8 CH.& viEAl=
Room A 5.37 g/d/m¥/pig, Room B 7.05 g/d/m?/pigs AF=] <]
S, Wilcoxon rank test 27} F+ =1 o] 5-2]% zjo]7}
e ERIEk3T (p>0.05). E3F N,O & 7<= Room A
1.01 g/d/m*/pig, Room B 1.02 g/dm/pig® =ZE|glom,
Student’s T-test =38 ‘53l T HiEAG 1& 1F vt A}
7} 152 EHIskSATt (p>0.05). whebA, ZF =1o] Fetgkel
CH, 621 g/dim*pig, N;O 1.02 g/dm*pigE 2 12| A7}
2 HiEAeR APFstolth AR &= 9 (15.6~20.8°C)
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