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ABSTRACT

This study was conducted in three similar-structured pig rooms for approximately 160 days from March 25 to August 31,
2021 to investigate greenhouse gas emissions and characteristics emitted from sow housing with forced ventilation systems.
Greenhouse gas emissions and coefficients were calculated by real-time measurement of greenhouse gas (Nitrous Oxide,
Methane) concentrations, ventilation rate, and inside temperature and humidity in a pig house based on the mega chamber
method, which assumes a closed pig room in the form of a chamber. The average concentration of Nitrous Oxide (N,O) in
each room was in the range of 0.5 to 0.6 ppm, and Methane (CH4) concentration was in the range of 28.9 to 33.5 ppm. The
average N,O emissions from Rooms 1 to 3 were 4.7+ 1.4, 4.5+ 1.3, and 5.2 + 1.6 mg/day - m” - pig. In the case of CH,, average
emissions were 86.0+15.6, 100.2+31.2, and 103.3 +26.7 mg/day - m” - pig. Finally, greenhouse gas emissions from sows
calculated in this study were 1.87 +0.6 g/year - m? - pig (N,O) and 35.4 + 8.8 g/year - m* - pig (CH,). Greenhouse gas emission
coefficients were calculated as carbon dioxide equivalent (CO».q) by applying Global Warming Potential (GWP) and were 1.38
g COy.q and 2.64 g COs¢q for NoO and CHy, respectively. This suggests that the contribution of CH, is higher than that of

N,O emitted by sows. The results of this study present useful data for domestic emission coefficient research.

Key words: Greenhouse Gas Emission, Nitrous Oxide, Methane, Sow, Mechanical Ventilation

1. M2 dioxide; CO,), W€ (Methane; CHy4), °FFsHA A (Nitrous
oxide; N,0), I-=35}gtA(Perfluorocarbons; PFCs), 44

QAVIAL EFo g2 RE TR 99EL Hl oYX &35}t A (Hydroflourocarbons;  HFCs), 8-&3}8HK(Sulfur
2 52 9 JPPES E5 LA57E Quels SfA B hexafluoride; SFe), 4&E3}H2 4~ (Nitrogen trifluroride; NFs)
Ag Ity 2AVIAL YEACZ olAlstekA(Carbon  E 7MY EEE FEH] glon, oldt 2AVtAE F
TComesponding author : karmon2@koreakr (1500, Kongjwipatjwi-ro, ORCID =4 0000-0002-1313-8418 AAIG 0000-0003-4692-7541

Iseo-myeon, Wanju Gun, Jeollabuk-do, Korea. Tel. +82-63-238-7403) 21} 0000-0003-1727-4959 323} 0000-0003-0681-4577

ZII 0000-0003-0181-6362 HEZE2S (0000-0001-6283-6047
WS- 0000-0002-8923-0034

Received: Febuary 15, 2023 / Revised: March 10, 2023 1st, April 12, 2023 2nd / Accepted: June 9, 2023

http://www.ekscc.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2023.14.3.337&domain=https://ekscc.re.kr/&uri_scheme=http:&cm_version=v1.5

w
w
©
iz

o o

s, Apetel, sl Abol WAtstH 7]4kola,
AEA W3} 5& ofIshes Zo=E dEA QItK(Titus,
1986; Severinsky, 2020; Dowling et al., 2021).

JRC science for policy report 20210] W=H ZA|A %0
T YT A7 HERE 20209 71E 51,1999 MtOE
HuEQich o, 247tA9] = HiEHS AY 4} BE
(14,000 Mt, 27.3%)°|H, A=Z=YUQB,874.1Mt, 7.6%), =5
(8,270.4 Mt, 16.2%), AFHAA(8,057.2 Mt, 15.7%), 7€} F
FA3A, 54, 171E)(16,997.8 Mt, 33.2%)A % viE
= AoF &4 A QTH(Crippa et al., 2021). €3], Herrero
et al.(2016)°] W=, SA4F F429] 739, 200549 7)< 7,500
Mto] 2ATIAE HiESH 08 FAET, ofF, W IR
2 2A85k= CHy= 1,600 ~2,700 Mt, Al A4 4 Bl
(N;0)2 1,300 ~2,000 MtE 21 EQIc}. E3F A7 247}
A F 9F 14.5%9] SAlof| A TAYSFAI(Cardador et al., 2020),
SihE JAoME sk Aor  HIESITHBerlin,
2002; Foster et al., 2006). =+9] o8] =7}9] 2A7tA vj&
ZFL 20184 7]& == 13739.8 Mt, H|= 6,297.6 Mt, 93
39249 Mt, Q1% 3619.8 Mt, ZA|o} 2313.7 Mt, L& 1270.2
Mto] HiEE Zlo® A=K Crippa et al,, 2021). T=9]
A%, b L7k AR o5t 201595E B 5
E7k 693.6 Mo 4] 701.4 MtE 2F 8.8 Mt (1.3%) AR5 A
o= HUEQUHGIR, 2020). A9 2018 727 Mto]] H| 5}
201992 701.4 Mt=2 9F 3.5% 7TASE ZoZ UeRith
20199 7|& FQ HiEYOo 2L ofyA] 611.5Mt (87.2%),
AFAEA 52.0 Mt (7.4%), 5 21.0 Mt (3.0%), H7|&E 16.9
Mt (2.4%) <07 UERHTE

2ATIAY] FaAdo] xR Wt H7HE SHolA
2030 =7I2A7IA ZFEEH(NDC: Nationally Determined
Contributions)?} 2050 EtAZFHAIUE| Q. 59 FAS 4+
skar Qith. eAaEgr|EY A8R A1gel] o=, 2030
7R A7k &SRS 2018 thH] 35% olAf 7, 2050
W7 SAZEA SHlEES (0 2E AAsto] 247EA H)
TS At Uz 7taQleh oo mEt 2A7FA
A PAer ATt e goto] SaskIRt AA S4t
d FH 2A7S HiET AFe oS BT Ao

U SARIY] S &, HAL ' 5 SFTEHE 71 T
Hol| 2 SAER, ASHEE, AARAGE 9 A7 5
o] EH, &2 EFFolft IAE AFHAE FE5t
of ARZRtT} SHAITE Ay =AF W 2AVEA wiEATE
ZolE wiEA S APy T2 EFo] A5, IPCC Bl
A9 SAZIA HiEASTE DW= ALt Utk eHA
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ol EAgttt. IPCC7} AlFst= BiEAS TlolEHo]
/~(emission factor database, EFDB)O] W2 ™ ofA|o} X
o] Hgk wiEAs= 1 kepigyearZ HIilEo| AT
(IPCC, 2006), o]&= “®jA]"2] HA] 57 siFst =
o] &2 wtgstal A 27 W&ol £F H AMSEA
of & =l 159 HiEAS Aol HaF AoE B
Atk ES 2Lxo] JFE v 2ATEASL T2
£ S8 A 71ARACI2 2 255) 5 Al o4&
F= I A7 BZYE o] HQastth(Park et al,
2022). wEbA] 2 At WA AAGTA F BEA H
Aotz 2A7IAY Bk, V|, 2E 52 HARIe R
S745to] 2A7IA(CHy, NyO) HiET E S ASE A

g3l =l LgEiEAs Aol 71095kt shylH-

of o

2 ATe F5F dFAll fRIRE BEAL WiFolA 2021
39 25U5E 89 319(%F 160%) 717t &%t AL
), Fig. 12 A% =AL] di: 9 JHEE Yepdch
EAF U= JAIRE BjA] ARRo] ZhERt AE(stall)o] -
3(1E) 26712 F 5709 AT} SHEES ANSShe
PenO 2 FH/J=o] QIti(Fig. 1b). & A¥Y HL=S T
AZ17] A8ll, A2 Blsgt 349 ZEAL 33 (Room 1 ~3)
< AAste] 5YgE 717t 5% S8 A5k Room |
~32 717} 154, 154, 156 79| H=3 AMSR1om, £4to]
Auret A= 1719 AR ERHAER o]5sto] Bt
9 ZJ3E 2t Exto] 9REH A BEARR Eof
o, AIF7ITE F =AU AT AREHE 7S 90%
oA, AR U EE 2.1 mYpig(YAE 71& 1.4 mY/pig, A
HAIgE HE )OE FAEUTHVERA, 2018). = Y]
v QA2 Z3 Y E vtg3) L3lk(slatted floor)o] 1:1 H|ES&
2 Ao HA 9 B &5 oHF9] D Eo] A4
= FXO|th(Fig. 1a, 1b). €88 HE A== FF>
oF 8 tono]™, A4H = viS 38U F7|H R HiE
sheltt. E3, = Wi viERE A7 Y A= oF 3m
Aotk =AY )= =AF QEoA S0l TV 5
G AEZ B9l FdE T, = Rl fxIRE 4719 w7
THfanyZ 53 HiESEH(Fig. 1a, 1b). 574 717F ZE=0A
S5 AFRS AZE2 WA (Crude protein, 13.5 % ©]
5}), ZAHH(Crude fat, 3% ©J4}), Zr<(Calcium, 0.65% O]
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Fig. 1. Schematic diagram

A1), Ql(Phosphorus, 1.5 %), ZAd-5(Crude fiber, 8% ©]3}),
%3] E(Crude ash, 8% ©]3}), to]Al(Lysine, 0.6 % ©JA}).0.
2 450l itk

2.2. 247IA(CHq4, N2O) Sk,

rior

Y YR BE
2 A4 CHy, N;O= AAZE RYE o] 7Hs3t 3
L3R FHO] =4 7] (LumaSense Technologies INNOVA
1512, Ballerup, Denmark)E A}&-5lo] 42 AP}
oluf], oj2] sample pointE FAlol Z7st7] flsf HE|HE
2 (LumaSense Technologies INNOVA 1409 (24 port),
Ballerup, Denmark)S 9 A1831%0t} 2 @yl =
S Ade AN gste] LA MRS 27
5= mega chamberfl& 7|HIC2 £EQlong QE
F717F A= 471 S el fE HiEel i
W 7t =49 sample point2 AASYH 24 F7|=
A 9 717 FR3 24 55 st T 24
ot 63] S5k A Holy § F 24 &9
3152 3#s}to(Jo et al., 2020a) 4 ~ 6HAA] FfO] BH =
£ 2R RGO E AT EIE, &7 H| 9
HBEE PB] Q8 AH A A TEE N,
(Rigas 99.999%, Daejeon, Korea)?} CH4 (500 ppm, Rigas
99.999%, Daejeon, Korea), N>O (1 ppm, Rigas 99.999%,
Dagjeon, Korea)2] H&E7IAE 0]835}o] 7]7] HAFS A
sttt &7 23}, Wb 23H80] oF 10%, R 3t 0.9999=
g BEAee] 2 0AE HolA Yot
AU S 4% VT SRR AEste] w7
Z(Vostermans ventilation BV Multifan 4E50 (©630), Venlo,

(b) Floor plan

of gestation swine room

Netherlands)o]] 215131 w719 71550 w2 Brje &
7JSIHTHASHRAE, 1993). EA19] H4 /|H 71582
30% OJ5l2 7FsEA] YO HZ 30%, 50%, 70%, 100%O]
Fol= s EolA VTS A=5HtH(Jo et al., 2020a).
S 717 7MY 7MEES 1% BRIE 2EHJL, AS
gt 7FsES Hlold oA 1% 42 FIdl logistic
curve Hd-S 0]-83}9tH(Jo et al. 2020b). =% % Room 1 ~
3 P @712 Room 1: 11,3345 +3,747.5 m’/hour, Room
2: 11,473.1 +3,604.4 m’/hour, Room 3: 12,490.8 +3,748.4
m'/hour® UeRth B Y2, 3| 7ke 82 BT 1
3] 244 dlole9] ARt Betake ARSI

2.3. 2AIIA(CH,, N2O) HIESHIS AHH

B ATl WA ALY B shiE A Py
7143t mega chamber& ARE3to] BiEAITE AHI5HAL
TH(Park et al., 2021; Thompson et al., 2003; Brown et al.,
2000). HFHo = ZAVIA HiETF A F42 ofFet
ZTHA 1, 2, 3).

E . (mg » hour™ « m™ % « pig ") )
_ Flow rate
- CNet X Area X pig Cgas

1)
O 9+ L7 =5 % )
Eone (mg o day™ « m™ 2 « pig V) 3)
= iyZ{EGHG(stam‘ date)+--+ Egpi(end date))
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340 GAG - HQL - R - HUS - MAIY - ¥23 - wES
E, : GAAT HA] 107 1A wjEshs 24 CO,_,, = Eguex GWP,, (4)
YA (mg « howr™ « m™? « pig ')
Crw: 2AZFA(CHs, N2O) 5% (ppm) E35t APgE wiEAlseo] 2021 IPCC (Intergovernmental
Flow rate: 1A]7F B3t B2 « howr V) Panel on Climate Change) 62} EIlAofA AHA]SAL Q=
pig. A AR T2 Global Warming Potentials (GWP; CHy: 27.2, N,O: 273)=
Ot TS B ghalsto], 2A7EAE CO, kg (COyeq Carbon dioxide
P: E29(101,325 kg/m/sz) equivalent)H| &= JtH&Ql FF= HIWSIATHA] 4). 7t
M: B kefkmol) Moz 247 7o) B4 BHS Sqslfe) 5 ane
R: §UHA7FAA(8.314x10° Pa - m¥/kmol/K) ot 2214l Jamovi (Version 2.2.3)3 ©}8313. 54
T 2R W0l 4By BAE SI8 B, B4 dolEle] 3
day: % 28 7|17t & 9= 7 (Shapiro-Wilk normality testyS 35t A+ L v]A
FORES FRAANEH005 HTFEE A1) B4E,
DE =3 3JHo| HAF BEZz Yeh} ‘Spearman’s
SAZPACH, NO)= =89 e s correlation coefficient’ S ©J-85}0] ATHEAS %11;3‘8}9:1\:}.
Cra (CouCy)E ARBIG, 015 4] 1,22 B Bolwl
A, A 197 AR 2ATIAE HiEshes FY 3. AW U DR
E, S AESIATE o] F YAl 4] 35 o8 4Ty HiE
F& Aldstglon, oldf oAl AAZIE(Outlieryper > 3.1. 2MIA(CHa, N,0) AA|ZH BLE 3}
upper quartile (75"; 3Q) + (3xIQR), Outlieriower > lower
quartile (25"; 1Q) — (3xIQR); IQR: Inter quartile range)©]| 3717 ¢ F8E 74 EdolAe 4 N0t
w2} golelE AlASt ESEE FHAasetlth dT CHs 5%, =909 &%, WH2EE AA2E 132z
HiEge 25 MRt &, 34 A2 iro] S YERTH(Fig. 2). N,09] 5= H#l= Room 1: 0.2~ 1.4

BEA W geEAY A 19kl s 24

e ppm, Room 2: 0.3 ~ 1.6 ppm, Room 3: 0.2 ~ 1.5 ppmO]

- _ _ - =] IT e
WEASE e (g + year o m? « pig VS APtk T N0 BF BEE 22 0.6+03, 0502, 0.6+03
_ ——NOC CH,C ate
E Ll Ll T T [P TR | lvaliinl Ll
=
5 1.5 E
£ M
£ e felen o oy . E
3 B gt \VJY _‘*u"-.{'\,. [ O
E e i‘ar'- WY P e bl ...,'--J‘;d"" £
O 0T T L ) L L L] e L MY S Ll LA L) AR A R L LA A LA LAk L WA v i
z (a) Room 1
El Lt il Ll TPTITOPH TV NTeP [Pom Liiil
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5 w2y s | " E
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Fig. 2. Daily monitoring result of Green

House Gas (N,O, CH4) concentration, indoor

temperature, and ventilation in room 1~3
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ppml. 2 A EH Y. CHY 5% Y9+ Room 1: 15.2
~49.7 ppm, Room 2: 15.8 ~72.1 ppm, Room 3: 15.7 ~
71.7 ppme|® CHy H+ BT+ Z1Z 28.9+6.3 ppm,
33.5+12.1 ppm, 31.9+10.0 ppmo| ¥t} APAo]| wh
24, BEAA TASE N,09F CHy 5% HHE 244
0.3 ~0.5 ppm, 12.0 ~28.5 ppmO.Z E 4Lo] H|F]| F
=L $FS HYUt(Stinn et al., 2014; Philippe et al.,
2016). 3] Room12] CH; %7} t}2 Roomo| H|sf L
A det=tl, ol =AY & &Y 3271 Room 13}
AdE o] AR & Al RN AR F717F &
A" Aoz e},

57712 W Room 1,2,39] B Wi 2= 27 235,
23.3, 24.6TC 0| (Fig. 2), Y& S5 71.6, 70.4, 71.3%=
=] Ay gHgo] H|sHA f-A1 = At £471XF Room
1~39 37|=e Zzb 5.869.1 ~16,007.7 m*/hour,
5,419.9 ~ 15,729.0 m*/hour, 7,108.4 ~ 17,030.4 m*/hour2]
HAE EUTE Room 1~3004 B 7|2 27
11,334.5+2,440.7 m’/hour,  11,473.1+2,392.0, 12,490.8 =
2,6584m’hour2, £ 3/|Fgor MG AHL Zzt
73.60, 75.50, 80.06 m*/hour - pig? LEFRAT) ©]= MWPS
oA FFsH= E B $7|HE: 68.0 m’/hour - pig,
£ 254.9 m*/hour - pig)EF A VERLTHMWPS, 1990).
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HE ~olEZ3 7|7t Room 1~39 2A7}AN,0, CH,)
e, Rk, 7)o dwist A4S Fig. 30 Hebd
= N0, CH, 5= % 7|, 7 2

Tof ek FR3 WSt FFdo] Uetdth BE

_|
¢

=%
UWHREE QR 259 HFAHT FASHA 4= olF 7]
20| A5eto wEt YRR E7 AFsote] 14A]0] 2L 2
T (Room 1~3 255, 25.3, 26.8C)E HYTHFig. 3c). =
W YR o] duals oF 3CE KLY T4 4%
ok 7o) Be R FFE 7] "ol ¢

3} Aol FASHAl YerthFig. 3d). 31, 2&=7F 7}
A =9 1449 AL | 14916.3 m/hour, 14836.4
m’/hour, 15636.2 m*hour®2 AT 9t ¥iH, N0
CH,= B8 B34S EAthFig. 3a, 3b). &7IF0] A5
2 o N,0%} CHy 5= RoMA& 22 &E YR Th(Fig.
3a, 3b, 3d). N,OY 3% Z+Z}F 0.9 ppm, 0.7 ppm, 0.8 ppm
E A9 7MY w2 SR UERHOH, 05 A7 5=
7F 2obA oF 0.4 ppmZE 1649 7MY 22 w5 Eth
CH,9] 739 39.6 ppm, 45.1 ppm, 43.4 ppm= 4A]0]] 7}%+
=2 5EE oW, oF 20 ppm o= 14A]9] 7H} W2 &

E2 iyt ol EAF 5 H7]@e] /HEEo] YE
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342 “AS - QL - BT -

29 ¥ ot 897 weel, WiEk: 454
7)ol F71sto] R S LA7IATE R E )
SEWA 27t AAachs 202 whEt(Sun et al,
2008; Jacobson et al., 2005).

3.3. HiEAI+ Y

DE 7}1Z2RYy S8 LA7FAN,0, CHy) BlE&%S o
7¥817] 98] EAF O £A47EAN,0, CHy) =9} 3],
2% 52 0]83}10o] Room 1~39] A7k~ wj&eS A
AorAH4] 1 ~3). Room 1~39] N,O Hi&TF HY+= Z

7} 2.7~8.1,22~8.0, 2.5~ 10.1 mg/day - m” - pig HY=

HYon Wi Hi&TS 47+14, 45+13, 52+1.6

a
I

wm

N,O Emission (mg/day/m”/pig)

o
s -

MAIE -

mg/day - m” - pig2 A|&H0g AT HLE wiEsI=
Aoz 2= BT 2 EFIH 2 Aol HolA
ekt N0 AFE ReolA| LASKitrification)9} &
Z3N(denitrification) I F F HYAHAEZ FYHH
(Poth and Focht, 1985; Kebreab et al., 2006), 7] ¥ &
7] Z7Ao] Z3tH AEoA AAdHETH(Monteny et al.,
2006; Cabaraux et al., 2009). E3F, AZE &0 g7
£ 293 ul, g Aelc N.07) o ol Wehe
A0 2 YEPJTHZhang et al., 2012). SFATF EAF Wi
£e]e] FEE ojep 22 20| EE/ wAYRIt B
%o} Q1o (Philippe and Nicks 2015), & dFo|A TE
U &8s A9 |71 FHE A= b2l N0
o] W&ol o W2 Zo=E woE

Rooml —®—Room2 —==Room3

(a) Daily monitoring of N,O emission

CH, Emission (mg/day/m?/pig)

L

LD > O » D > O D e & > B o3 & oA D AN
AF A hy \\‘»\. A \\«,m \\'\.‘\-"e
"-""’&“i\e’?@@a‘& ‘_g"‘} FEF &'? d‘"e’?‘&“’ ﬁ sb SIS ‘\P*}sa FF W

(b) Daily monitoring of CH, emission

10

U TN S T [N YO TN VRN R Y T A
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(¢) N,O emission of eachroom

CH, Emission(mg/day/m?/pig)

N
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] . Average L
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- i e au i -
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Fig. 4. Daily monitoring result of emission rate for room 1~3
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CH.9| A% & Moes 247 449~1233, 51.0~ o AF &4 717 CHQ T=7F 478 202 YER
2314, 45.6 ~ 177.2 mg/day - m* - pig HYE HAoH, F t} o]= =2 2uol Zy|7t Ao 7 ot A A
o HEFS 86.0+15.6, 100.2+31.2, 103.3+26.7 o] x4 ol CH, HjZo] Bh¥slx|ut, UjEo] glr|ako] =
mg/day - m’ - pig2 SHE|cE APAFo] = H Alo] 7FstA A YR E HiEE7] o, T s ¢
df(Dietary ﬁber)—‘ﬂ g A7 AH, B2 2=Y == FASIH. B3, S =AY AS, F714 s b
o, We TPFE SJA7= Aoz dHA At Amon F 7152 E A7t 22 95 o 80% TEoR
et al., 2006; Noblet and Le Goff, 2001; Sommer and SR 517 W7o, 43t CH, W& 5 HQl Ao=g
Meoller, 2000). 3t =AM &88] EO] Ri7t X453 woEn 2 A7 ARR7IZte] HEAIT, Zong et al,
o7 AHol = 7|14 &40l wEolA CH,2 HA 20159 =W SAE HSE=AF R CHy HiEF2 o9&
< 37711, S EQ] RIF7to] AS45 CHot S7)st E 12~1.6g/day - pig, AZE 4.5~48 g/day - pigie 2
= A2 AFA Atk(Ye et al, 2009). W, S4 A Aol Bl =2 HiEHE Hel ACE YEiETh

N20 Emission (mg/h m’ pig)
s = s = s e e S
~ = - n = ~ ° E-
CHJ1 Emission (mg/h m? pig)
— — =3 ] 73 3 £ -
= W = h = n = »n

e
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=

‘BEEFERE R EE gSIgeeaxsaang

(a) N,O emission factor (b) CH4 emission factor

Fig. 5. N,O, CH4 emission factor in each room during the measurement period
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Fig. 6. Seasonal differences between N,O and CH4 emission during the measurement period
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Table. 1. Results of correlation analysis between N,O, CHs concentration, emission, ventilation, and inside
temperature of the pig rooms
N,O Conc. CH, Conc. N,O Emission CH,; Emission Ventilation Temperature
N,O conc. — 0.66"" 0.86™" -0.16™ -0.88"™"" -0.89™"
CH, Conc. — 0.60™" 0.50™" -0.60"" -0.49™"

N,O Emission — 0.11" -0.617" -0.70™"

CH, Emission — 0.317" 0.34™
Ventilation — 0.89""
Temperature —

(P < 0.1, 7P < 0.001)

7} oA AEE AolE EAISH| 919 Fig. 55 = YEPHEE N,02F CH,9 skt WRRE (22 r=-0.89,
Aot 9FA Aol o] =1 Y7ol 2k A5 & r=-0.49)9} &7|%H(r=-0.88, r=-0.60)°] & F"Q*ﬁ =5
710l FFE 1, ol 2S5k Aol FF 7t Qo= 29 AT e AoE EAEHU.

MJGSmaaM 2010). E3, ALE £ HolHg B0 WFL Yrers AP 44N U5 &

£ Algst7] o], A4 CHy 57t =2

oz Pﬂﬂ]?q QItH(Zong et al., 2015). & A9 EH3}
549 N,09 5r+= ZZ "Hi 09+0.2ppm, 0.4+
0.1 ppmO & £&o| oF 2uj7}7lo] £& FEE HIUth
E3h N,O Hl&F % 6.4+ 1.3 mg/day - m? - pig, 4.1 £0.5
mg/day - m’ - pig2 HHo] © W HjES = Ao
UERT CH,Ol AF, 587 o549 B4 &= 365
£9.5ppm, 28.0+5.0ppmC 2 ZAE|lon}, HiE&T9
7% 90.9 + 15.5 mg/day - m* - pig, 101.6 =+ 17.4 mg/day -
m’ - pig oJSHo] oF 12% T £ AoE BEAFY

HASHoE BE =Y 2AVA HiEASFE BdS
o] REA F 2AVEA wiEASE AP JF
SATIA HlEASE N,O  1.87+0.6 g/year - m* - pig,
CH,4 35.4+8.8 g/year - m” - pig2 UEYTH g A7}
A BEA4E GWPE FE9] COpe (Carbon dioxide
equivalent)2 A& N,O, CHsE H|WSFHTE COseq
A3} 72 N,O, CHy Z+2+ 1.38 2C0y.¢q, 2.64 gCOL= i}
EFATE COseq BN oF 1.98] A UEH2H, o=
=AM A WS 2A7EA F NoORET CHLO 7)o %
7t w2 AL AR T8y ATIAE 2RFA
TS WS § qlong, B Ao xR 2 7hS
I ASE 7IFRACIR R 255)0 OE HWET 37t
7F 293t 2o g AlmHrt

3.4, HEEN
5744 N,0 5%, CH, 5%, N,O Hi&%, CH, Hi&%,

717, Wi 2 HlofE 7 JuEAE 35t & 19
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THsto] wet wiz|e] heES AR ol wEt
Hi-2e7k Asst @7|ge] S718l Wi 57171 5
oz wigdH. HFHOR wiEEHe TV BoHEdeE
2A7IA0 =7 Aadte Jor dddn: E, 24
7t HEFS SEE 7INC R APYE]Y] wfiEo] 3t
ZHE B sHAIRE CHy BiEFe] 4, &3 W
F2w0to] o] JUPAE Hole ALE EAHU

4. 28

2 AT BAE7A BEA FE AV HiET H
A< B7hstalAt 2021 3¢ 25U FE 8Y 3197HA|
16099] 717+ &<t FARE F29] =1 3304 3
otk du4] =4 =9 shuE Y FEHE 7Pt
7o 2 =AF W 2A7EANO,
CHy) 5k % V%, & S5 AAXE ZYEHsH
247 A HiEFT wiEASE Aekt 8489 7
=8}o] N,0 B L= 0.5~ 0.6 ppm HYZ, CHﬂ 7
SEE 28.9~33.5ppmAYE YEFGTH ESE =3
=AY N0, CHy 5% 9 3], 3 250 EH
S5 JHst ARSI 5 Sl EFY
WH-2Eo] FFS 7] g2 &, dE& QT
o] dHst AP v oY, N,09F CHas 2]
o] 45T W 23|78 =7t RolRlth ol WR2E 4
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mg/day - m’ - pig? A&HO0T AT TS HjEo
Ao ZAHYT CHLY) A4S 7 B B iEge

86.0 + 15.6, 100.2 +31.2, 103.3 + 26.7 mg/day - m” - pig&
ettt HSHo2 2 AfoA AFgE HEAR F
LA7IA HlEASE N,O 1.87 £ 0.6 glyear - m*/pig, CH,
35.4 + 8.8 g/year - m* - pig 2 UEFFoH, s 2471A
HEASE GWPE H&5 COuE AMESE 23 N0,
CHy Z¥Z}F 1.38 gCO0s.eq, 2.64 gCOs & UEFSHTE Ol =
At A B8 St= 2A7EA S N,OET CH,9| 7]o =7}
2 A& AAR g AFET e BEA fE =24
7t HEot @A digt AV SHS e A
2, 3 IfHEAs Aol 783 7 2ARE AME
= Slok. SHAITE FAMY] fE 2A7EA viEEo] it A
T= oHs] B3 Aotk wEtA S5, ASeAE
HiE A4 APl gt 7141 At7} o] Foj A ofstH,
Ho A= e dold SEE fld 59" 247kA
W& AP ZE2EZo] 3% Ao= AlmHTh

ALAL
B ATE 5EUTH AFIA(PI01601902)2 FH %
et AR 39 ALAGl 5 FHEO
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