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ABSTRACT

Ammonia is one of the precursors for secondary generation of PM-2.5 and is one of the important factors in PM-2.5 management.

The livestock sector is the main source of ammonia emission in Korea; except for cattle and pigs, overseas emission factors are

used. In Korea, research on the development of emission factors in the livestock sector has been mainly conducted using the chamber

method, but this method has disadvantages in that it is difficult to consider the actual ventilation amount in the livestock house

and it is not possible to monitor ammonia emission in real-time.

In this study, the applicability of the tracer gas method used abroad was investigated to compensate for these shortcomings. The

experiment was conducted for open-type laying hens and was performed according to the Vera test protocol, an overseas standard.

The tracer gas method showed no significant difference in domestic and overseas emission factors, so it is judged that the tracer
gas method can be fully utilized. Therefore, in this study, NH; emission factors have been developed by methods other than the

chamber method mainly used in livestock houses. It is necessary to apply and verify this method in more places in the future, and

it is judged that it is necessary to conduct research on other livestock as well.
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ZuAEA 27 AR ARE AAUSHE, BAUSHE, B
P4 7I31E, Lol Sol Ytk ZIARIA 23} A
A2 F NOx%} SOx9] A, 2 AT 9 Belr} F
of S WHA, NHE A2 ]E AHo|THMOE,
2016). NHy= ti7]FE2 Y #t ofye}, 7|5 3}
GFE UL AR FES SRR D Shorlived
Climate Forcers, SLCF) & sfio]7] &0 &9 £9
AJo] AA L QQTHKLRI, 2018; KEITI, 2020).

20189 7| =Wl NH; ¥i&F2 315975 tonl &, 5
FEol 719%=2 7P  ZAE AXAsta 9lod, 1%
92%7F Hete] FEZoA HiEEH= AR UEHT
(MOE, 2020a). &38| FE9] NH; #i&% AHY Al o
g &2f HiR= oA AdE wiEASE ARESHL QL
A9k, 1 9] vj&YL 83 EEA (European Environment
Agency)®} "]=r EPA (Environmental Protection Agency)
o] HiEAFE ARESHL Qlof Ul E4E W HiEAl
9] 7fdo] " Q3 AAJo|tHMOE, 2020b).
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NYFo R 7|2 71= eF 1) =5t Verification of
Environmental Technologies for Agricultural Production
(VERA) test protocolof| A= 7 SAlo|A GHUoIE &=
AL & e PHEY W= 2ol dis) AlAskL Uk
VERA test protocolof| A= FA7IAHS AVfsiH, 7RHs
SAIA Y] FEYot viEAR A Al AN & Q= W
HESR AFSI Qlk MF FA] B, A AA7E
Ag=o] Q7] wizol] YxtHoR FEvke F7sto] HiE
T AEE 5 ek FATEAHY] BY, FATIAE o]
Ao AilstAy Fdste] Y- srAtolE ol&sl &
71&& kL, ol ol8ste] FAShs H71ed =29 H
S%S Aotk ol Sl FA7kA I HE
AFe FE dE FR2Y VT AL ARESEAL Q=
Ao 7 ZAEQtH(International VERA Secretariat, 2018).
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2.1, g YAE M-

B ATolAE A Ao 2471AHe) A8 A5
A& Thotstr] 93l VERA test protocolof| A A|AISFL Q)
L FA7kae) F49 5% 10 A5l AE A
A5} th(International VERA Secretariat, 2018).
AP A A= Table 1014 K= BRel o] 4,0001H] 9]
TR AR AldolH, | S 1.8kg, 7]&E0 25
o} ALgT F& thoR Sk ol VERA test
protocolof A ARFsHAL Q= F|4& 750mt o), AS A
249 A48 71710 21DE FBE FEeHE 2ol

Table 1. Agronomic requirements for Laying hens

o Vera protocol This study
Criterion ; :
Laying hens Laying hens
Minimum number of animals
. 750 4,300
n test compartment
Minimal period of use of more than
. . 2 months
housing system before testing 2 months
Permitted weight range (kg) - 1.8
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o] B AA AFAQN FANMAE FYsto] e At
Jot= WO g SFe= 2207 7FAE FQlstoof 5}
7] Hzoll, 5] 27 ol#E ol Uk wEhA, 2
Ao E FHTIAR COE ARSIt BiE&ASs A
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WYY LRAAC] LIt BiEAI JHES 2ot

e gt A% theat 2ok
WA &40 B8-S S8 97t 5F I8t ol24 o,

WY ES ojggit Webd, ol24el el HPU (Heat
Productlon Unit)E AFgs}jof it} HPU= SE-9] tiAEA
ol A A== CO, BilES 122f5t7] sl AFgsfiok sk= 7l
Yo7 JAAERS YElH, o] o]83f & H/L]-aok = CO,
WA S ARYSE 4= 9ich HPUSF $7]8-2 International
Commission of Agricultural Engineering (CIGR)Oﬂlﬂ AAI=E
AAEAE o8l AFd 4 UTHICAE, 2002). CO, '
< 4 (2014 A= o] 3% HPU F 0.185 mh COE &
H5k= 222 CIGRO] AAIElo] Qo] o] ke of2] Ald
2ne 7oz AEerkn Ausol gk ke o)
HPU 9 27|&2 CIGRAA SFEE FESE o]&2Ql &
T2 AA AAGE A& olgsilon, B e Ase
Fefzst A=l ek

CIGRO| W=H, 4HA| 9] HPUE AMYsH7] siAl=
ARAANF W FO F ASFRE(WNL, FY FAT), I
g A AH(Y?) ARE AREStoioF gt HPUS]
= W= H7|5HA ==, ol AFRHAA W H 1kg T
U7t & PARro R AT,

ArAS] HPUE 4] ()& 53 A4

HPU= Nx6.28 xm" "™ +25x Y? Q)

o17]0]14,

THP, : ARAS] F GRAHW)
N AR W E B AR 55
% ;o) BF FA(ke)

¥ g A AA(ke/day)

— 0ISSCxHPU_ @
(COyp,54.— CO ) % 10

2outside

of7]9f A,
VR : 37]-&(m’/h)
0.185C : Convert coefficient (m3/h-HPU)

HPU : AFHAA W & 1kg B I3 F SFAEHW)
CO, —: AFAAA YF FHTEA COz &= (ppm)
co, AFAA AL 9] FA7TA CO, & X (ppm)

ot FPIAY ME Gt 443

guLjel EAsE HEHoR e
of APgRITt. ol HEASE APATO) 720 ot
o Sl(Yea) 1202 AAFHROH, Lol AL

71&0C 2 32+ AP (Animal Place)E 7|FO& 3}7]
ol F 7HAE A 1Pkl AP A% WA T 5
|7t ASEFE 2 AFoAs S4 A"l AAl
Hol g ARHAL EASAE wARHT 23 71
AF87122(0.075 m¥/mte])S o] 859 tHLivestock Industry
Act, 2018).

4 3)& °l8s

(NHSInszde NH&m{tszde) X Mw
NH g = VR P 3)

X 24 X 365 % 10 °

o] 7] 0] A,
Eyy, © NH; B &% (kgNHs)
VR : 37]&(m’/h)
NH, o A W59 PR Yo} 5k (ppm)
NH, Al Y9 dH Yot 5% (ppm)
My : NH;9| EAFF(H4%) = 17.031(g/mol)
Vi @ O171A 189 BFE oA A& (@) =
22.4(10° m*/mol)
AFRHAA U & ARS8 F5(1l2] or AP (Animal Place))

2.3. YELIOF ¥ CO, sk &Y UHY

£ 270 283|2 T 31U B8 ol
%l HPUE ©]&5to] COE &-8sh= Wol7] dleol 4
7HAHE B8R FE Yo} HHE‘:%}‘E A7) SlsiAE 5
ANMAR AREEE CO%t HiET AP 9] Tl ot
2 2sloiol slwl, 24 el oo Coot Yo}
s A SHdFoloF gttt & AFo|A= Vera test
protocolof| A 7NHE FAE tFoE FAZIAH HEA|
AF2-E]9E OP-TDL (GasFinder3-op, boreal Canada)®'H<
o]-85to] ZHAF HH-2 NH; &% (4 ~ 6,500 ppm)2} CO, &
(120 ~ 60,000 ppm)E A SHSFATH

OP-TDLL % - £ A15QF HhAlho g LAE o] Qi) &
A W2 SARA 54 139 IR (Infared Ray)S W&
S 9 el 431 WO ZRE] WA IRE B

S4150] AE7]2 FEs10] Ro| 4418 A= o] A2
o} Tpo] 34 Hwg Tslel ZHEH| BEE Hust

= WHOE NH:9t CO, 5=5 I 34T &+ AUt
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Fig. 1.

FEUo} B FEF FL W nAAO, A

AR AR BES GET 5 QRS A Y ¢
ol % 4719} WARS Xshct

QX =T Vera teat protocolof| A UY&H JFS Y &
Q= A2 W8 5m oJAEE X HoA A5t}
QIR CO, vk S4Z BIEAMAAHHNDIR, TSI7525,
USA)Z o]-&st3lon, & NH; 5% 542 ArisH
< o]&3teh gryor AR HE 2702 50 ml BF=
E]_/\H_Oﬂ olnyol SLHEALH = SOmLE T4

T HI(SIBATA MP-INII, Japan)ES ©]&3}o] 4
L/min® 2 °F 1987+ & 50L9] Hj7|7tAS FYstqict
(NIER, 2021). ¥=2UolE ZA3F 5ol 640 nm 14

AN FTFE ZAtAoM 23 AL EYREA
(Shimadzu 17A, Japan)E ©]-&5}it}.

3. g1Ey
3.1, ¢@Lot 5E U CO, 5E &3 Zu
ol WEAG: AHe 93t duiot & 9 Co,
SRS 2457 98 ege o
Mo AmE SET 4 YA
QrEUol 5 54 ATHE Table 20 LerpITh ]

of 5% =74 A}, /NGE ARAA U= X 9.59 ppm
ol A F4x 3.22 ppm M= YEFEOH, Bt 5.60 ppm, EFE
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Schematic of NH3 and CO; measurement positions at open Laying hens house

A 159 ppmO2 SHET, ol o) B Fo)
0.49 ppmOf|A] |4 0.24 ppm A2 YEREOH, Bt 046
ppm. I 0.06 ppme.E ST, SHEoF 21 5
=L A9 7] 2 ghmujo}l E% He] 0,001 ~0.02 ppm
Hr} ok 7] bt ol 240141 5 m Bol4l o]
o ZAS] B W % 9] el Ao e
(ke al, 2020, S 39 ¥R NS 71

< 1 ppm B[Fto]7] wiZo] F&3] LA 7] F FHLo}
S HYHET 52 4 9t FdEthMalodor Prevention
ACT, 2011).

Table 2. Ammonia concentration at open Laying

hens house

Classification NH, n

In Out
1st 5.49 0.47 14
2nd 5.53 0.41 14
3rd 5.77 0.49 14
Mean 5.60 0.46 42
Minimum 3.22 0.24 42
Maximum 9.59 0.49 42
Standard deviation 1.59 0.06 42

CO; 5% &% AIE Table 30 HER{ITE CO, = =
2 Ax}, /g ARAAF YR 2 967.47 ppmoll A HA
534.60 ppm HPIZ UEPL O™, Ht 746.10 ppm, HEEHA}



WA MEEAAMC] HZLOL BiEAI JHES ffet FAVIAY X S 445

100.56 ppm O & ZAE|QIt). == ) 471.65 ppmo]
A F A 43825 ppm HMYE YO, B 457.66 ppm, F
FHAF 1031 ppmlE SAEIE CO, o she =49
7] 5 5 H 424.11 ppm ~449.76 ppm HT} ThA =7
UEPITHPark et al., 2021). CO, 5% E3F NH:9} -SAF6H|
SAtoA 5 m HolA Sl A|9ol7] wiZel SAlel thet 3
Fe i ¢ S Aozt weEh

Table 3. CO; concentration at open Laying hens house

Classification €02 (ppm) n
In Out

Ist 750.14 457.86 14

2nd 683.38 458.65 14

3rd 804.78 456.47 14

Mean 746.10 457.66 42

Minimum 534.60 438.25 42

Maximum 967.47 471.65 42

Standard deviation 100.56 10.31 42

3.2. WYY A YZLIOH BHSAHI LY 2

MG ARAANE o2 FH7FARS o]&5to
Aot WiEARE APETE AIE Table 40 LERH S
o HiEAS APEAT, 54 712 0.36 kgNHy/year/
head, AP 7|52 0.39 kgNHs/year/APZ UEFL} AP 7|&
of WAL B %o Ao BAES o3t Fol
L Solete A9 A ARTANT o BE A5
< 7123 Q7] o], AAl AT 7IECE SIS
o] viEAS7E B B2 AR EAEUT

AgPAete] rr Yot HiEA IS Bl A, F57|E2
2 8uS off, @A CAPSSOA HEstal Q= AA &
9] wj&A% 0.37 kgNHs/year/headb= 2F 3% 27|, AP7]
=02 Blud o, dintg, YldHe, fEI= oF 22% =
Al YErEtt sHAIRE o] gk 4=X]= EMEP/EEA (2019)°]
Al AASELL s H Eokl] HiEAIS 95% AlF1Ee]
et sFgk W 9IQl £25%E ok W] ool s #iEA
T & Zo|E HolR] gt As 1T & Ui

4. 28

2 AFoA= P SAIA NH; viEAS AFS Al
A7FAR O] AL Ts/dE gRlst] flste] FA7AY
o]-g5to] 7P AFHAALS] NH; HiEAISE AHYs)
Aot MY E SAIA 9] NH; HiEA Y RS &
9] Vera test protocolo] AA|E|o] glom, o] o=
oM & o] WS ol-§sto] HiEAIRE /Ndsta AUtk
Vera test protocolo]= 7JHg Ao NH; H|&A 5SS 7]
I ¢ e HHo R FATIAYS A7fskaL gler, o]
RS A8 Al H4 &4 245 AAISHL Aok

2 AFoNE FH7IAHE o83t NH; HiEATE
ArA3)7] Y38l Vera test protocol?] &4 ZALS WESH=
MY AAAANE dde= siith 54 WUl E3
Vera test protocolo] 4] AR&5}3l 1= OP-TDL AR & Af
&5to] SAF HF9] CO.°F NH; 525 S7s131oH, 9
F CO, 59 NH; 5= 5742 72 NDIRA| 3 Q=
HEae ol galalh

NH SE 274 An, e A uRs da
5.60 ppm, NH; &J8 5E= B 0.46 ppmOZ A5 o]
Qi £A9] d7] % NH, FEESRT e EA) 274
=9it}. €O, % 24 A3, AE A s 3
T 746.10 ppm, QJH-5E= Ha 457.66 ppmlOE S
o] CO, oF == E3F =49 ti7] § 5% HeHEY ot
& A YebEth 959 NH:9F CO, 527 tha =4
et A2 SAtOIA 5m Goj7l 3Lol7] wizof SAH]
FFSE TS 5 UZ Aolgal wokH

NH; Hi&A|5 A2, T 7|82 0.36 kgNHy/year/
head, AP 7]%&2 0.39 kgNHs/year/APE LEFL} AL
Hoh 571802 9F 3% RA, AP7|ECE H|uY
o, dnt=, U9stE, BT oF 22% =4 YEHA]
9, sfelo] R A Fok] HijEA T 95% Al
Rt sigte] W] o= UEh & ZolE HolA| &
At wEbA, 7R SARIA NH; viEAl 4HE Al 5
A7k o85St A2 FYue 235 SHET 3
< o= wdHEt & Afois 710 FAIA F

o

Table 4. NH3 emission factor at open Laying hens house

) Vera test protocol (2018)
This study MOE (2020) EMEP/EEA (2019)
Denmark Netherlands
kgNHs/year/head kgNHs/year/AP kgNHs/year/head kgNHs/year/AP kgNHs/year/AP kgNHs/year/AP
0.36 0.39 0.37 0.32 0.32 0.32
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