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CH, AAANAE FHE4EQ Acetic acid®t CO,E CHy AR AYEo] o] &3
3 slo] 7k~ AElQl CHy CO7F A AT (AT <], 2002; 94, 2005).
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t}S Figure 1& 7t&=Rwe 2

L Complex Organics J
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\\ /
N
L Simple Organics J
Acidification AN —
N\
L Volatile Fatty Acid, CO,, H, J
Methanogenesist

74
L CH,, CO, J

Figure 1. CH4 production in livestock manure management

(Mclnerney and Bryant, 1981)
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Figure 2. Decision tree for CHs emissions from Manure Management
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Table 1. CHs; emission factor of cattle manure management by region and
temperature (IPCC, 1997; IPCC, 2006; 2+7 4, 2008)

Unit : kg CHy/head-year

CH,4 emission factor of cattle manure
management by average annual
Regional Methodology temperature(C)
characteristics Cool T —
<10 | 11| 12| 13| 14 | 15| 16| 17| 18| 19
North America: 1996
Other cattle IPCC 1 2
manure 1S usually guideline
managed as a solid 2006
and deposited on IPCC 1 1| 1112 2| 2| 2| 2
pastures or ranges. guideline
Asia: 1996
About half of cattle IPCC 1 1
manure 1s used for guideline
fuel with the 2006
remainder managed IPCC 1 1 1 1 1 1] 1] 1 1] 1
in dry systems. guideline
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ATz T

Table 2. Other cattle characteristics (IPCC, 1997; IPCC, 2006; -7 -, 2008)

Other cattle characteristics
Region Methodology Mass B, VS
(kg) (m” CHy/kg VS) | (kg/head-day)
1996
IPCC 357 0.17 2.4
North guideline
America 2006
IPCC 389 0.19 2.4
guideline
1996
IPCC 319 0.1 2.3
Asia gué((i)((e)gne
IPCC 319 0.1 2.3
guideline
Default estimates for average other cattle mass are +259%.
Default estimates for B, are +15%.
Default estimates for average VS production per head per day are +35%.
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Developing methane emission factors for the Korean cattle (Hanwoo) manure
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ghele] A 2% WS 15T 7RIS T), 15T d5H 25T wwk(15C™2
5C), 25T o] (=25TC)o.=2 A =9k AsIH o1, 2006 IPCC 7Fo] =2kl
o] 79 Table 3, Table 49} #o] 1T Ao =E &% Wslo]| w& ]
At Lagoon®] 71232 ¢ 7 AFAIZEFY] a37F 3 =Ho] 1 4
o & gAY AN2HEY =& FAE YL

2
o
of

S~

i
it
o
Tt
dr o

_17_



Table 3. CH4 conversion factor of manure management in cool region (IPCC, 1997;
IPCC, 2006; 27+, 2008)

Unit : %
Region Cool region
1996 e
Methodology 2006 IPCC guideline
IPCC
Avg. annual temperature (C) guideline 10 11 12 13 14
Lagoon 90 66 68 70 71 73
Liquid/Slurry 10 17 19 20 22 25
Solid storage 1 2 2 2 2 2
CH4
. Drylot 1 1 1 1 1 1
conversion
f f
S5 W Pasture/Ran
manure 1 1 1 1 1 1
ge/Paddock
management
t
T Daily spread 0.1 01 | 01 | o1 | 01 | o1
(MCF, %)
Digester 10 10 10 10 10 10
Burned for
10 10 10 10 10 10
fuel
Other 1 1 1 1 1 1
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

Table 4. CH4 conversion factor of manure management in temperate region (IPCC,
1997; IPCC, 2006; 3745, 2008)

Unit : %
Region Temperate region
1996 Co e
Methodology 2006 IPCC guideline
IPCC
Avg. annual temperature (C) guideline 15 16 17 18 19
Lagoon 90 74 75 76 77 77
Liquid/Slurry 35 27 29 ar 35 39
CH, Solid storage k> 4 4 4 4 4
conversion Drylot 15 15 | 15 | 15 | 15 | 15
factor of
manure Pasture/Ran
15 15 1.5 1.5 15 15
management ge/Paddock
system .
(MCF, %) Daily spread 0.5 0.5 0.5 0.5 0.5 0.5
Digester 10 10 10 10 10 10
Burned for
10 10 10 10 10 10
fuel
Other 1 1 1 1 1 1
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Table 5. Manure management usage by region (IPCC, 1997; IPCC, 2006; %7 %
2008)
Unit : %
Region North America Asia
1996 2006 1996 2006
Methodology IPCC IPCC IPCC IPCC
guideline guideline guideline guideline

Lagoon 0 0 0 0

Liquid/Slurry 1 0.2 0 0

Solid storage 0 0 0 0

Manure Drylot 14 18.4 46 46

management Pasture/Ran
system usage PN 34 31.5 50 50
(MS%) i

Daily spread 0 0 2 2

Digester 0 0 0 0

Burned for
0 0 2 2
fuel
Other 1 0 0 0
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Developing methane emission factors for the Korean cattle (Hanwoo) manure
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

2.3.2 39 /1% Ex CHy "iEAs AR

2.3.21 €&
&L Fxxxglel CHy ¥WiEAT A4S vz #Fxd dfd F71&E
oA wiE¥+= CHyo A4 (g-CHy / g-organic matter)2} U oA £
o wgl AHegE Exo dF%E F7]1E Y(g-organic matter)d Ho= H

ol AF5S Fu, AR AFgHE 7B WEAFE AHESAY, 7 1

_(I_DI_
wxEle]l CHy MEds Abgsta ot

A BRlel TS Fi, FFol =47kE wiE el s xA sk H

i

jus)

t}& Equation 2= 9E9¢ B xxg] CHy wiEA4¢ 2d Aot

EFy; =Y (B, « 0.67 « MCF « Ex « Day « Org « Mz, * MS,/1000)....Eq.2

CH; emissions associated with the management of manure

EFcs
excreted by cattle [g CHy/head]
B, : Maximum CHy producing capacity [m® CHy/kg organic matter]
0.67 . Conversion factor from volume to weight [kg CHy/m® CH4l
MCF : CH4 conversion factor [%]
- Amount of feces and urine excreted per head per day
X
[kg/head/day]
Org : Organic matter content in feces and urine [%]
Day : Days in a year [day]
Mix, . Proportion of feces and urine separated [%]
MS, . Share of each management method [%]
n . The kinds of manure management system
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2.3.2.2 "lv=A

Wl EwAele] CH, WEAS 4442 ntgor aa glon, 7o

W2t BAA ALEE Ao Fe WEF AR FLE 2908 no}

i

U5 Equation 32 dlvl=a9] #xxA 2 CHy 8=

= 2ol t},

b

CH;l,manuTe — OHZLhOUSing + Of[ﬁl,grazmg ................. EqB
lell,housing - VShOusmg X MCF><0.67 < Bo
OHZLgrazing = VSqrazing X MOFX 0.67 < Bo

CH; emissions associated with the management of

CHamanure manure excreted by cattle [kt CHyl

CH4nousing : CHy4 emissions during housing days [kt CH4l

CHugrazing : CHy emissions during grazing days [kt CHyl

VSnoncing Volatile solids excreted during housing days

e [kg-VS/head/year]

VS Volatile solids excreted during grazing days
grazng [kg-VS/head/year]

MCF : CHy conversion factor

0.67 Conversion factor from volume to weight

[kg-CHy/m’-CH,]
B, . Maximum CHj producing capacity
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

2.3.2.3 "=

CH, A8 A%ole ATHEs 7124 AH8aw, 1 9 BnAgAsgdes =
b if CHy A8 A2 Awstel Aa THUS EPA, 2017).

t}e Equation 4% "¢ Bwxg CH, ME&AF 2a 2ot

EFy =(VS « WMS) « By + MCF « 0.662............ Eq.4

EFcis @ Emission factor for CHy emission [kg CHuy/head/vear]

VS Volatile solids production rate [kg VS/head/year]

WMS Distribution of manure by WMS(waste management system)
in a state [%]

B, : Maximum CH, producing capacity [m® CHy/kg VS]

MCF : MCF for the animal group, state and WMS [%]

0.662 Density of CHy at 25C [kg CHy/m’ CHy]
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2324 wRA=

9
= APE A7V glo] A #HH A (Saggar et al., unpublished; Sherlock
et al., unpublished)ol Al =%&% 098 g CHy/kg FDMo] A}-&¥ tH(Ministry for
the Environment, 2017).

& Equation 5% FAUE §99 BxuAg CH, WEAS w4 o)

EFCH4 =0.00098 « 12 « FDM............. Eq.5

FDM= DMI « (1— DMD)

EFciu : Emission factor for CH; emission [kg CHs/head/year]
0.00098 © Quantity of CHy produced from FDM [kg CHykg FDM]
12 : 12 [month/year]

FDM : Faecal dry matter [kg/head/month]

DMI . Dry-matter intake [kg/head/month]

DMD . Dry-matter digestibility [decimal proportion]
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

5 Equation 6= =99 =42 CHy, WiEA+ =224 o|th

Ech =a * 067 VSe B o MSe MCF...... Eq.6
CH; emission factor for animal category in manure
EFcns
management system [kg CHs/head/vear]
a . Factor for conversion of time units [365 day/year]
0.67 : Density of CHy [0.67 kg/m’]
VS : VS excretions [kg VS/head/day]
B, : Maximum CH, producing capacity [m®> CHykg VS]
e Relative proportion of housing places, for animal category,
whose excrement occurs in manure management system
MCE CHs conversion factor for manure management system

[m®/m?’]
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2.3.2.6 249

A Re BwAe] CH MEAF AL oz MEAFE 4yt
Rqom, S99 wEAT A Fagk B, o thalA = IPCC 7hol=gh<l e
71 Bghe Abgate], VSl dlslAE A=eld Ja@E A (Dustan, 2002)F |}

go

H

3kl 9 tH(Swedish Environmental Protection Agency, 2017).

U}S Equation 7 2¢de] Exxg] CHy wiEAF o]t}

EF,, =VSe B, « 067« Y»,MCF+ MS... Eq.7

CH4 emission factor for manure management system

EFcm
[kg CHy/head/year]
0.67 : Density of CHy [0.67 kg/m’]
VS . Volatile substance excreted per vear [kg VS/head/year]
B, ' Maximum CH, producing capacity [m® CHy/kg VS]
0.67 : Density of CHy [0.67 kg/m’]
MCF : conversion factor for CH4 production
MS . Fraction of animal manure handled using manure system
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

TFAME Exxele] CHy WiEAls A4S Atz wEaAsE A s
, T8 5FY A5, A 79 F(state), A4, IF ol wheb
O~

A AAF 5 At WED Aol AsH ARE T 4%

U5 Equation 82 &9 FAl({feedlot)o| A A% &= S5 g CHy, W=
2

EFg; =365 « VS« B, + iMCF+ p..... Ea.8

o

CH4 emission factor from the manure management
[kg CHy/head/year]

365 . 365 [day/year]

Volatile solid production for beef cattle in feedlots

EFc

VS

[kg VS/head/day]
B, . Emissions potential [0.19 m® CHy/kg VS]
0 . Density of CHy [0.6784 kg/m®]

IMCF : integrated MCF for feedlot cattle in each state
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2.4 #% Bmel CH, MEAS A A w1 g

[e]

241 712 wiE&A g g ol A7

Gonzalez-Avalos et al. (2001)2 WA FoA HA9} S5 o=z 39

AES FRE PRI EnE FHNGAT o17)M MEHE CHE £

off

o]

= 2FA Y. Table 69F #o], 23S &

ol
ol

T ] A4 ¥E CHy
&A= 7129 ghelolw gl 7te] disiA IPCC 7Fo] =2}l (IPCC, 1997)¢] A

Alstal e 7k A Y e CHy WilEAFE Y A3t

Table 6. Comparison of beef cattle CHs emission factors from IPCC guideline(IPCC,
1997) and Gonzalez-Avalos et al. (2001)

Unit : kg CHy/head-year

Climate IPCC guideline Gonzalez—Avalos et al.(2001)
Cool 1 896 x 10
Temperate 1 396 x 10!
Warm 1 117 x 107
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

242 1% AFo B4 B F

H 3 AFolAe stxoA AlSEA e ZAES o2 Ao A
go] o3 CHy EAFE Mdstaat st thLee et al, under review). ©]

g 98l a9 FWTE MEAS AFHL BAse] FUTE wEAGel 2

o AU wEAse g Aed F oluA(Gross Enegy, GE)#%
(Methane conversion factor, Ym) 5ol tf3l ¢
o] EgAA BAS Fdstr] A, W 1 #
A EAE w@s dolEst oFE %8RI FA% EAow  AZF(Body
weight)Zt & AU X(GE)oll tiall s|~2E1# S 135S W, Figure 39+ #2o] A
o sk A, 3709 HFEd deoly i (Class A: <300kg, Class B:
300-500kg, Class C: >500kg)= H. o] 531t}

100 200 W0 400 =00 600 JO0

BwGE $Bw

Figure 3. Histogram of Gross Energy data by body weight
(Lee et al., under review)
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O AE5S 98 Tukey Honest Significant Difference(HSD) testES 43
st o™, Figure 49 2] 3719 AT 7ol WE classg°] A= He5s &
Q13

95% family-wise confidence level
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Figure 4. The Tukey HSD test result of Gross Energy data in the
three body weight classes (Lee et al., under review)
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

2.5 &5

Figure 5. One form of probability density function
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2.5.1 A7 ¥ (Normal distribution)

o 7} de] AF8-¥ Y. Figure 69

o

Figure 6. Plotting of normal distributions
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

2.5.2 23 A5 EX(Log-normal distribution)

9 Figure 73}

Figure 7. Plotting of log-normal distribution
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2.5.3 2473 B ¥ (Triangular distribution)

g

< o, 7FE gkol

2
e

7+3 H- X (Triangular distribution)® x&3 y=& 714
Ay

1

22 H Ak (minimum), 7HY B WER HAsE HW gk (most likely), 7HE
ghol 2 A @t(maximum) o2 FA5 = x|t (g 9], 2010). 74
F ¥ o] e+ Figure 8% 2t}

H7bey ®xe FEUEFSA S Bquation 118 2or] o714 o5h v RE

o] w7l A o] (Morgan et al.,, 1992).

flz)= b—|;v—2—a|’ (a—=b<z<a+b)..... Eq. 11
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

a—bol™, AN atb

Equation 11°] ¢
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(Uniform distribution)

w A

o] o
A=

4 E7}

&

o

AR FAE = Jo(FE 9, 2010), Figure 93 %

?_]:

atak A ohgkel o

Figure 9. Plotting of uniform distribution

EP =34+ Equation 129} #Zom gol A p7bA 9] F3F 9

oAM= FEHT gEc] U+ Utk

o

G0N
2
TH

Hlo
13

..Eq. 12

, la<z<b)....
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2.5.5 ¢to]E & X (Weibull distribution)

ofol & X FAY AHAH FollA AMEEE Avy 7179 FEe X
S FAS=Y AR H = E¥o]tk(Morgan et al., 1992).

Figure 103} 22 JEE L geiM vt 12 o Ao

Figure 10. Plotting of Weibull distribution

etol & L xe] FEULEESF+= Equation 139 Zom, oA v74A ¢ F3t

gl e FEWS gEol He F gk
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

L=
T

(scale parameter)©]al, k

Equation 139 &

% 4~(shape parameter)©]t}.
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2.5.6 X4 & ¥ (Exponential distribution)
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™ (Morgan et al., 1992), Figure 113 #2

Figure 11. Plotting of exponential distribution
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

Equation 149]
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2.5.7 ¥o}% E X (Poisson distribution)

L oz
L
rlo
ot
fuj
il

XolF X A
AE Fdsl= FEEX ot (Morgan et al., 1992). Figure 12
a9d 4 gl
Figure 12. Plotting of Poisson distribution
Yolg R xo 8EAFIFS4= Equation 153 #t}.
aw o 6( (l)
plx)= " , (2=0,1,2,3...) e, Eq. 15
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

Equation 159]
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A (Kolmogorov-Smirnov Test)
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

2.6.3 i< 23 A A (Anderson-Darling Test)
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2.6.5 7}e] Al¥ A (Chi-squared test)
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

2 A &9 o] (Monte Carlo simulation)
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Figure 13. Process of Monte Carlo simulation
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

2.7.3 Bootstrap
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2.7.4 Bootstrap A3}

Figure 14& Bootstrap ¢ #4<& =213}3F ZAo|t}. Bootstrap< n/fe @&
A5 X6t J= dEES A BERUAHH FHEska, o] RGO ENH
B (replacement) o] #H}AS AXWA, nfe] EEES ¥33+= Bootstrap EE
S Ko dbE3]A F538] Jdu) Bootstrap 29 A7[(K)+= F435 kg4l
A3}E AFE3H Figure 14914 AAE AAH He] &E0= g st

o] BAO EgE 5 vk

[t

Bootstrap ¥ ¥ &9 T U3 HA=A

Original sample

1. Sample n elements from the original sample "K" Bootstrap samples
for K times By

] o . Sg  "K" bootstrap estimate S,
2. Find Statistical value S from the original sample

3. Estimate S base on the bootstrap estimate S,

Figure 14. Process of Bootstrap
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

2.8 ANOVA(Analysis of variance)
ANOVA(Analysis of variance)= 37] °]4e oS HustsE EAUHO

(Choi et al, 2008)

=HHE7E 170 9w One-way ANOVA, 270wl Two-way ANOVA, 374
o] Aol 749 Multi-way ANOVA, FEH7F 270 o] 42 4% MANOVAERaL

ANOVAE F8stA S, Al Hat, Fo|, F71Z-A], Patol AAISA Hoh
AANE 3t T AF TS AF7HAe] uhd Al FHsto] 00] FHojoF sk, 09
E="

H b St Aol

uf, P#£<0.0 of ZAA o]z} 2l
S5 =3k, Pglo] #ow & 42 Afolvt A

F 717b4% 5% 717kl sjgels gte 2] Ful7l F/ZbA R 20 pate
005150 Zrop| A Ho] o))t}
3 ANOVASIA e F157de dmroris 4l oae gure] wite] 3

o17b & Aelth wrek ARspde] AzHE YHEe Fitol Holt 9l
bole)

ta @ S ok, Hek kel Folrt ofrlel gleAe deFA vl o
B, #% 7t A9 7te] Aolg PEF Wast Yt

_53_



2.9 Tukey HSD(Honest Significant Difference)

i
e
=
e
0%,
tlo
=
K
ol
3
2

o
E=)

Tukey HSD(Honest Significant Difference)
AgRE AT AARHORA, ML B Fod B HAsof s

A% Abgwh Figure 15604 9h o] Blm tjaE9] Aol FHelet g

A AE kel 0% EREE ol Folw glee UEhH, 0 LA
XS AT T AolE = AS 9H| St (Minitab 17 Statistical Software,
2010).

——

Figure 15. Example of Tukey test
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A W

3.3

2
o

g3 Ex9 CHy &4l 2

HolE +3 % A
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3.1 3% x99 CHy A4 AR

311 $xol BAHE CHy MEAST AR

S7h 7k QMEe] A4 $18 IPCC 7holmehel (374, 20008)9) 4 =

BEwxg Al 2AEE CHyoll s, Tier =5 W WHES Aot 9

ok Tierl vg AHAE CH,S wiEA5E ol &st= WHolH, Tier2+
ARE A& CHy MlEAFE A4 A4sts Wi o 24, Equation 169+ 2

o, & Aol EE&HAT

EF= (V5% 365day/yr) X [Box 0.6Tkg/m* < Y ,(MCF4x MS,)].Eq. 16

—
w
N
=
2
-
ME o
=
Lo
BN
F 3
@
=
(i3
0%,
off
Bw
(@)
e
~
=

Q
<
w

MCFs= #xx el Al2=" S¢ gk CHy A8 A, %

MSs = &= 2] Al 25 S& o] 838k Hl&
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

3.1.2 CHy Mi& A5 AAA A&7 7+

S

IPCC 7ol =ehelo A Hol thald, 9%, A, 95 5o A% ¥Fs
Fol wSEs WAL ATHIPCC, 2006). LAk Al
Tierl & AH&al7] wiol, BAYNA Y= AHALS TS
OF AT AgTAe] IPCC Tholmatelel A AN s HEAFE Fae 3
M Sa7bs wEgel Agsy] wiel, F9o delAs ole@ el o

HARA A g JTHA7IA2FTT A B AE, 2014)

i

ol gt 4 stelA, & dAFddAeE TdATANA HFAT A (Lee et al,
under review)ol A AAISFAE 752 AT WE class T F2Ao] oW
waldl o] CHy Al ol daid = Algd & A=A A wd. sl
Aol A AAE AsHE 7 WHSs FEote] & dTelAe CHy wi=As
Aol tfsl], Table 73 #Zo], AT 7|+2= 300kg "] wESl A, 3007500kg <!
B, 500kg ©]/d<l C, 3719 class=

Table 7. The three body weight classes for CHs emission factor of manure

Class A B C

Body Weight <300 kg 300 ~ 500 kg >b00 kg
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

o muffle furnaceol A 550C

S

SLHAE FH

1) Ex71=

ol A 1A]

Njo
o

oA

R

7FA] Al Aol El o] H

sl
<
il

s

1037105C 2+l A 24A]%F ©]

=
=

ZHY-X)

4) 29 3} WA e FA

550°C muffle furnaceol 4] 3A] 7+t

=
=

5 3Hel FA

_El

o]-§3t VS

=
=

6) 33} SHolA e FA AH(Y-Z)

_59_



3.22 A" Fx9 FHo CHy; &AZFB, HolH

e Bxel Aol CHy ZAZ®B)el tsirs 718 CHy WEA5 23l
A AFEEQE ol E 7} Fhol = akelel AAF o] )l o HIPCC, 2006), F§- &
A ATES o s A H)

o,

il
)
ofo
e

n]

3.23 +xA7 A" CHy A& A (MCF) ©lo]E

Ae] A"l gk CHy ®¢k Al=(MCF)= IPCC 7hol=gelollA 3
2 Bl ATekn g Buwde A2wE CH 48 As AEE

st -2 uebe] AR 7)<l 13.6Tol Fdst=s AHT7|= 13Tl )

324 ExAg Al2H"HW o] &8 (MS) HeolH

FxAd Al&=dls ol&dks HE&EMS)ol+= 2016 =7F =47~ Il E e

R ASN

m:

AA A A Y FEe NoO AbAel ARE3E AR 2A HolFe
A A ol &HlE HolE, 7hs £k AHEE s7tEE £2ARS

Aol FBAAES} 2006 IPCC7Fol=gtelo A AAst= iz Al 29
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

3.2.5 ANOVA 3

ANOVATE 37] o]de S A4t WHo=EA, & AFdAe AFss
7o 2 FEF 37 classol Wa|A 438 e}

i

ANOVA 534, 74 vlatA 9m Furpde e Jio] Tty ol

A A S Wato]l BF A gtk Al g 95%0 theEi A 5%E
oo r ARSI ANOVA Z3oA AAH= P-gt2 A2 7-7395%
A 5%E FF=o® AFEFS wl, P-3<0.058H AFIAES 71 Z4sHA H
o, Jd 2 Bitol SAA Aol7t Aes KstH, P-gol #ow #AESFE A
o] 7} At

oA e A tid VSe ANOVA Zztol A P-Fkel 0.05Kt 2o
H, A7 S 71ZbskAl Hof, AT WE class 7wl Felg xolvh e

2 ougith. P-gol 0058t W, ARAEL A Ho) AT w2
Fol A FelF Aolk 9gS vl
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3.2.6 Tukey HSD <3}

Tukey HlRE SalM= ZLF 4 He] o7l AHCR FoAE HAds
Al @ H(Minitab 17 Statistical Software, 2010). A F<S 7|22 73 class
A, B, Coll dis|A A&B, A&C, B&C=  VSel tigk At zpo]& HoF7
™, Zb g-3kel]l il 0o] EghE ol Jobd, sfjdete Hato]l A2 Erhes o]
), 00] 3] A &ohd, s TPete Hiol AZ FostA tES ov et

o, Aw3td # e ofn gt

ANOVAS$} Tukey HSD F 3ol ¥ Minitab 17 2ZE o] & A}L&351% T
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e

Oracle Crystal Ball 11.1.2.4

o

T

gleol A

=

=

Z A& o] (Monte Carlo Simulation)

=

=

sto] FEAEA S, Monte Carlo Y AZd  7](10,0003]

7} 91 (Crystal Ball, 2014).

Developing methane emission factors for the Korean cattle (Hanwoo) manure
o
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Transformation

T,

kel

3) L
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ze)
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jul

Al
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=

seul g
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A2l EA

=
=

(n=10,000)= w}EFo 2 Fx o] CHy Hj
gt o 2 CHy Hi

o

= o
==

[e)
K

o F77k ol 74A 9

i

HE AAH = p-valueZ} 0.05H.t &

T
T

|
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o

4
;OU
11
sul

o

o
TR

Ho|

S
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3FA ®tH(Crystal ball, 2014).
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

3.3.2 Bootstrap

o]

Bootstrap

Bootstrap

ot

Ry
-

we] A7)t

v
ar

2]

~
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w7 2o

= o

Bootstrape] A

1) Bootstrap®ll A}

i+

Al

=
=

ol 7§el dlolg 7t =5 CHy Wi

A< -
SRS

2) o] ¢

=
=

VS, BoolH, Hi

)

3) 27h¢] WS vl' o 2 Bootstrap©l A
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o

= 10003]
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wo sheuE e 2}

-
3t

5) A4 ¥ 1000712 Bootstrap

e elom,
Figure 169} #Zt}.
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SZESOE

1386 version 3.0.1
b1 9
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## Bootstrap R code

x1<-c(VSA$VSAA)

# ———— Bootstrap= 13 VS g8 doly ¥JEZS &3+
n<-length(x1)

x1bar<-mean(x1)

nboot<-1000

# ----10003] ¢ WHE-31

tmpdatal=sample(x1,n*nboot, replace=TRUE)

bootstrap_samplel <-matrix(tmpdatal, nrow=n, ncol=nboot)
bsmeansl<-colMeans(bootstrap_samplel)

x2<-c(Bo$Bo)

# ———— Bootstrap= ¢13F Bo 48 W dloly ¥JEES a3
n<-length(x2)

x2bar<-mean(x2)

nboot<-1000

# ----10003] ¢] WHE-3l#

tmpdata2=sample(x2,n*nboot, replace=TRUE)
bootstrap_sample2<-matrix(tmpdata2, nrow=n, ncol=nboot)
bsmeans2<-colMeans(bootstrap_sample2)

bsEFA<-bsmeansl*bsmeans?
EFAbar<-xlbar*x2bar

deltastar<-bsEFA-EFAbar
sorteddeltastar<-sort(deltastar)
d975=sorteddeltastar[25]
d25=sorteddeltastar[975]
CI<-EFAbar—c(d25,d975)
print(CI)

mean(bsEFA)

sd(bsEFA)
CI[2]-CI[1]/2/mean(bsEFA)
EFAbar

Figure 16. R code used for bootstrap
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49 golH

E2 A

4.2 EH 7}

b

)

4.3 Bootstrap= &

LTy

<]
L84

45 A3 o
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4.1 % x99 CHy #iEAl4 A 29 dHolH

AFVS)el diE HelHe s AT e Ex AES ST A9
v o= =5 It Table 83 #o] class ¥ VS H gt 242 1.03, 2.46,
2.02 kg VS/head-day o =, 7] WAl A AFEHAD Hr] A8 VS
w2 24 kg VS/head-day, oFA|oF Ao thdt VSEQl 2.3 kg VS/head-day
of tHall class B2l VS #Hitgtol FAsHATIPCC, 2006). class C= 2.02 kg
VS/head-day = ©l= A& Ao]& HU2H, class A7} 1.03 kg VS/head-day
2 7 & AolE B Ad. VSel tigk AAZA ] o] = Table 99 #4331
=2

=l

Table 8. Average VS value by class

Unit : kg VS/head-day

Class A (<300 kg ) B (3007500 kg) C ( >500 kg )

Manure 1.03 2.46 2.02
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

Table 9. Daily excreted VS data by class

Unit : kg VS/head-day

A (<300 kg ) B (3007500 kg) C ( >500 kg )
0.990 2.116 2.474
1.032 1.957 2.524
1.059 2.661 2.005
0.951 2.423 2.073
0.810 2.165 2.461
0.965 2.116 1.995
0.725 2.009 1.910
1.057 2.145 1.789
1.106 2.140 1.878
1.305 1.748 2.097
0.746 2.064 1.444
0.993 3.472 1.540
1.070 2.873 1.910
1.131 2.281 1.442
1.348 2.2 1.460
0.982 2.709 2.520
1.161 2.987 1.724
1.182 . 2.492
0.794 1.801 2.336
1.011 2.716 2.169
1.093 3.093 2.821
1.193 2.920 1.635
0.827 2.071 1.417
0.949 2.917 1.394
1.087 2.868 1.064
1.081 2.725 1.225
0.931 1.853 2.950
0.938 2.615 3.358
1.054 2.7194 1.529
1.319 2.791 1.994
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4.1.2 ANOVA & Tukey

PN
S Rl

e

7k

-

o

g 138 E A FVS) dHolHE &85te], AFel wE
class o] o] AFoAxE AHLI753HA eldtry] Y] Minitab AZE o]
£ AF83l9] ANOVAS} Tukey HSDE 2 A8} ST},

Table 10. Result of ANOVA

DF Adj SS Ad; MS
Factor F-3t | P-3%t
(Degree of Freedom) | (Sum of Squares) | (Mean Square)

Body

) 2 32.21 16.1055 90.00 | 0.000
welight
Error 87 15.57 0.1790
Total 89 4778

ANOVA®] Z¥+= Table 109 Zkom AT (Body weight)E 8200 = st

o] 37}A] %9 class A, B, CE # &3
] 71 A= (Degree of Freedom, DF)& E41%4 =4S & o
o 2T g3 ARE Fe 5y A8 F2 gndi
ANOVA tiae] & #33 5 n, 29 59 5 rolgtn & u), 29
o ArEs r—122A4, 3-1=20°th. AH(Error)® AFlEs npor2A

3x30—3=87°|H, °o]|F FHA n,—12 90—1=897} HT}.
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A A2 delHe dAA oz HAR 4k GRS WEe AVE

wolxn, NNy — g ) 2 AR 5 ow, 74 Axd Ade AFTe
J

= 90.00©] T},

0.1790

Table 109 ANOVA AZo|A P-#k2 0.0008.= p<O.058=A], ‘HE Hof

o] BAGTYE AXANEL A1Zeto] class 1 FEol T Hol7h ol

Tukey HSDS E&|A+= Table 11% #o] class A, B, Co WalA A&B,

A&C, B&C= VS s Hi o]l S gelstgdet 2t 89 434 o3 =
Pt FEtel, B—A, O—A, - BE Wil Ao|E T BE Q9 FF
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o] & FodA vtEuvtE 9ulE zta ¢Jow Figure 173 #Zo] RE F%F

o thshA 00] Zgsle] 9A Wk, BE FTol AR FIsH 3kt

Table 11. Result of Tukey HSD

Body Weight Number of sample Average Group
A 30 2.4614 N
B 30 2.0169 E
C 30 1.0296 F

Tukey SA] 95% CI
vsof Tfs H2o| Aol

I
I
I
I
I
C-A- | f———
I
I
I
I
I

-10 -0s 00 o5 10 15 20
O 00 ESEHY BN HOF G BF0l AE FGHY GELG

Figure 17. Result of Tukey HSD
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

PEAAA HldE BERERE WEE S JdE CHS A 28 ZHBI o

Halgd ¥ AFES 5o Ao &9
Z m® CHy / kg VSE E&3ato] Table 129} 2o] 0.083 (Won et al, 2014),
0.169 (3 9, 2008), 0.247(31F & <], 2008), 0.306 (& <], 2009) < 2
7E AArh 2006 IPCC 7Fel=gkelolA] o] &= AW B, dlolHE Hujel oA
ofol thal Z+z 0.19, 0.1 m® CHy / kg VSl emIPCC, 2006), =3 do]
Bl 59 Aolol] 123 3l ATt

Table 12. B, data from the related studies

B, data Reference
0.083 m® CHy / kg VS Won et al., 2014
Collected B, data from the 0.169 m* CHs / kg VS S E 9], 2008
ragted hdigs 0.247 m® CH, / kg VS a9, 2008
0.306 m* CHy / kg VS sl E 9], 2009
B, data of North America 0.19 m® CHs / kg VS IPCC, 2006
B, data of Asia 0.1 m® CHy / kg VS IPCC, 2006
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42 Azg wa dolEt RuA A o] §u]&(MS)Sh HixA

Al zdlo A el CHy A%k Al (MCF)el H.

o
r

o

AP Al ge] o] gHl&(MS)et HdE W SA AR 7, Table 13
9 o] A A AA| A 2] (Self management) @t ¢ EF A 2] (Consigned management)
2 JEHY dew, AAA = AlFHez= HH 3HComposting), <HH] 3}
(Liquefy), A 3}(Purification), 7] EFHOther)® #F5 o] AtH(EA A, 2015).

Table 13. Usage for types of manure management (5 7%, 2015)

Types Usage rate
Self management-Composting 94.36%
Self management-Liquefy 0.37%
Self management-Purification 0.35%
Self management-Other 2.86%
Consigned management 2.06%
Total 100.00%
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

o] &n &S 7l 7|Fo® S u, Table 139

Sh?

¢ s7Fe] A e W
o 7l=s¥ wviel o] FHH|3H(Self-Composting) 7} 94.36% 0] a1, < H] 3}
(Self-Liquefy)”}  0.37%, A 3H(Self-Purification)”}  0.35%, 71} A&

J}Jf

(Self-Other) 7} 2.86%, 12831 9] €A 2] (Consigned management)”} 2.06% %A

SR, ) B ARelA AHEEH T Qe olE@ BRWAS IPCC o=
helof A At Gt RaAe e BHuAs HFolE mol: glo] B
A PP BFE IPCC rtol=ehele] B AEA TRAAL. F EuA
gl vl Brdel daje] Pad Huske A9

A2 o]f WHES 7|et2 F&8te] Table 143 zFo] 2174 Ha it

Table 14. Rearranged types of manure management

Types Rearranged types Rate

Self management—-Composting Solid storage 94.36%

Self management-Liquefy

Self management-Purification

Other 5.64%
Self management-Other
Consigned management
Total Total 100.00%
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] A" el CHy A%k AS(MCF)e 4%, oA Jagd
anksl A7t §lo] Table 152 IPCC 7ho]l =g ol A AAISFL = FixA
Al ~eld CHy A% Al5=(MCF) ol & &833

waA g tElA= Rl EFS Adyd wel A A (Solid
storage)®] MCF 2%E #-&3til, 7|EH(Other)®] MCF 1%E #1833t

Table 15. MCF of the manure management system (IPCC, 2006; 2+7 Y-, 2008)
Unit :© %

Types MCF
Lagoon 71
Liquid/Slurry 22
Solid storage 2
Drylot 1
Pasture/Range/Paddock 1
Daily spread 0.1
Digester 10
Burned for fuel 10
Other 1
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

42 ZEH7IEE A EFH OIS T3 A

421 B3 EHIAESE A EHolA A

A SHZIER AEEoAde &8 3 £ x9 CHy Wi=ATE
Atk CHy MEA54 ¥ T sl VSel diaiA SdEd=ssdssE F4A
o™ Table 167} 7Fo] class A9 VS= At &

a3 class C8 VS 211 A5 EX & =25 Zo=2 Yeyt

Table 16. Distribution of VS data

A (<300 kg) B (3007500 kg) C (> 500 kg)

FAN 2% e 228V 2T

s

class A VS Ho|H9] A4+ &x9o Hir2 1.030]2, ¥+ 0.16°] 3t
class B VS dlelB e B, At Tx9 Fvt2 246, F=UA= 04402
E}ukth. class C VS HlolH e =

o] AT},
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M
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B
)
g6 oM 02 OM 0% OW 02 02 0M. 0% 0% 0%
Figure 18. Triangular distribution of B, data
Bo,ol A5, #d dAF 5= F3 FHS o]y AFFHo| e ZHAAS
oA EE HolHg RERHo2w ALE sed Aol F8F 5 9de A7

I 2 F435A0)h Figure 183 22 JeHE wA v, HolglE nigoz
2 0.083, H#k 030622, o9 F1hgtel 019455 HHIFgo= ot

MS<e} MCFel thalA = 32A4] A% (Solid storage)¢t 7] EFOther)oll st &=
2] Al=" ¥ o] &EFH CHy A% AFE H&ste] dE2egdrE 43}

A g Y AelEE e Agst,
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SEUEgFE F4% VS, B, HlolE ¢ MS, MCF H|o|E & 7HA 3L 244
LHZIEZ AlgdolAd WHE AHE3te] CHy MEAITE AP sEA T

class A9l CHy WiEA49 & XE Figure 199 Zo] ==5¥tt H+ CHy
Wl &A1+ 0.95 kg CHy/head-yeare]low, =HA= 0.27°] At 95% 215
T2 [0.48, 1.52] kg CHy/head-yeare]l o™, U #k2 55% % .

0,03 -

T

W o0z -
[}
001 -

0,00, ——% T T 1 T T
020 030 040 ©O50 060 070 080 059 100 190 120 130 140 150 160 1.70

Figure 19. Distribution of class A CH, emission factor
(parametric MCS)

class B9 CHy ®HiEAI49 E3EE Figure 209 Zo] ==5dvt H+ CHy
A=+ 2.28 kg CHy/head-yeare] o, T=AxFE= 0.690] Atk 95% Al H
T2 [1.11, 3.75] kg CHy/head-yeare| 1th. U 35S 58% 91 t}.
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Figure 20. Distribution of class B CHs emission factor
(parametric MCS)

class C¢ CHy vHiEA49 EE X+ Figure 219 #Zo] =5t H++ CHy
Wl &=+ 1.88 kg CHy/head-year©| o™, E+HA= 0.720] At} 959 Al
T2+ [0.81, 3.60] kg CHy/head-veare| Ath. U S 74%91 T}

0.04 - —
380
330
0.03 300
270
240
" 210 H1
i 002 4>
160
150
120
001 -
o0
5
. 30

030 080 09 120 180 180 210 240 270 300 330 380 390

Figure 21. Distribution of class C CH4 emission factor
(parametric MCS)
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Developing methane emission factors for the Korean cattle (Hanwoo) manure

| ==%¥ CHy "=

ol

Table 172} #9]

A EHIIER AlEYoASE F
TE 7+ class H 2 A5}

Table 17. CH4 emission factors by class (parametric MCS)

Unit : kg CHy/head-year

A ( <300 kg) B (3007500 kg) C (> 500 kg)
Avg. EF 0.95 2.28 1.88
Std 0.27 0.69 0.72
95% C.L [ 048, 1.52 ] [ 1.11, 3.75 ] [ 0.81, 3.60 ]
U (%) 5% o8 74
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R ZH7ER AlEHCA & S 3% w9 CHy WisAFE A4
shith. RIRFA ZHILER AlEdelAl i
Adsof st ol & fsiA = HlolHE EASt HoHES ERE 7 Ue
T2 AR oF ekar, Zb A3hell tia] s e HelHE EIAIZIA HTh
VSet Byoll i3l Figure 223 £ 3|2 E =
Al ol Aldstaith Beol 47, 4719 HolE ol wis 474 Frew

HA Ak ] 2 H U

o
ol
N
o
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Ir
ol
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Histogram of WS

Figure 22. Histogram of VS
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g gy 29 CHy wiEAlg #he] Hu ) Ak, 95% A8 F7HE
Table 189} #Zo] A&ttt class ¥ H+F CHy WiEFAS &
Al

2.28 1

ZF2F 0.96

1.87 kg CHyhead-year #<S %= Aoz yelyt 28 F#3HS

rlo

class A, B, Col oial 2Zz} [04, 1.63], [094, 4.07], [0.68, 3.68] kg
CHy/head-yeare| Ith. U a2 ZH2ZF 6496, 69%, 80%°. 2 e

Table 18. CH4 emission factors by class (non-parametric)

Unit: kg CHy/head-year

A( <300kg) B(3007500 kg) C( > 500 kg)
Avg. EF 0.96 2.28 1.87
Std 0.35 0.86 0.81
95% C.L [ 04, 1.63 ] [ 0.94, 4.07 ] [ 0.68, 3.68 ]
U (%) 64 69 80
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2

4.3 BootstrapS E3F AA

-

k9 Hixo] CHy WiEAl Abd Aol VSeF B,E 7FA 1 Bootstraps 3 3}
o] CHy ®l&EA5E A48 tl. Table 199 #Zo] class A, B, C¢ H+ CHy
=A== 242 099, 236 1332 191 kg CHiyhead-yearo 2 U EFRLO T,

T 1

9% A= ZH7F [0.57, 1.37], [1.43, 3.36], [1.12, 2.72] kg CHy/head-year

-1

247k 40%, 41%, 429% o] At

(e,
-

N,
rlo

o] At} Class

Table 19. CH4 emission factors by class (Bootstrap)
kg CHy/head-year

A(C < 300 kg) B(3007500 kg) C( > 500 kg)
Avg. EF 0.99 2.36 191
Std 0.21 0.48 0.42
95% C.L [ 057, 1.37 ] [ 1.43, 3.36 ] [ 112, 2.72 ]
U (%) 40 41 42
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4.4 24449 3 £x9 CHy wiEA 7 v
7 AgUold WS Abgste] AHgE &g Bwel CHy WEAFES class

W wobd st

Figure 23 AlE#olAd Wi E =9 class A9l CHy #i& A5t} HLt
HiEAlTE B4 ZH7LEE AlEd oA, vETA EHIZMEE AlEH oA,
Bootstrapell W3] 22k 0.95, 0.96, 0.99 kg CHy/head-year® Bootstrap®] ¥t

WEA=7F 718 3o

[ Parametric

Non-parametric

I Bootstrap
1.0 0.99
1:?-‘ 0.8 -
)
Lo
©
=
ka
T
8] 06 -
o
S
0.4 -

Figure 23. CH; emission factors of class A
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Table 203 #Zo] AlEHolH WHEE T=ZF9 class AY wiEAFES v
2= A

Easa= TH7LEE AlEHolA, HEFH
Bootstrap ¥ = 95% 213 3F2 77 [0.48, 1.52], [04, 1.63], [0.57, 1.37] kg

2 2H7IER AlEH oA,

CHy/head-year % Bootstrape] 212 7F yYnj7p 713 2ZA

=3k Bootstrapoll A1 40% = 7} 29kt

Table 20. Comparison of simulation results (class A)

Unit : kg CHy/head-year

Non-parametric
A ( < 300 kg) | Parametric MCS Bootstrap
MCS
Avg. EF 0.95 0.96 0.99
Std 0.27 0.35 0.21
95% C.I. [ 048, 152 ] [ 04, 1.63 ] [ 057, 1.37 1]
U (%) 55 64 40
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Figure 24 AlEd#HolAd WHE 2 “Z 9 class Be] CHy #l&Aglt). Ht
WiEATE B4 ZH7IEE A EYolA, vEFA EHIMEER AlEH o)A,
Bootstrapoll &l ztzb 2.28 227, 2.36 kg CHy/head-year® Bootstrape] it
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35- S ..
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Figure 24. CH4 emission factors of class B

_87_



Table 213} #Zo] Al&EgolHd WHEZ ==3 class B H&AFE5S L

sttt oA ZHIMEE AlEEelA, HESH ZHIMER AlECIA,
Bootstrap 82 95% A% 73k 22 [1.11, 3.75], [0.94, 4.07], [1.43, 3.36] kg

CHy/head-year® Bootstrap®] 213 7F YH|7F 78 2 A YEelbg o, Ugk &=

s Bootstrapoll Al 41% =2 714 2kt

Table 21. Comparison of simulation results (class B)

Unit : kg CHy/head-year

Non-parametric
B(3007500 kg) Parametric MCS Bootstrap
MCS
Avg. EF 2.28 2.28 2.36
Std 0.69 0.86 0.48
95% C.IL [ 1.11, 3.75 1] [ 0.94, 4.07 ] [ 143, 3.36 ]
U (%) 58 69 41
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T

Figure 25+ AlEdolA W =29 class Co CHy vi&A ot} Ht
W E Al B4 ZHILEE Alg#EolAd, vEFH ZHILEE AlE#olA,
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Figure 25. CHs emission factors of class C
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Table 223 #Zo] Al&Eg ol WHEZ %3 class Co HiEZAFES v

cHI7IE2 AlEHelAd, HEsHd ZHIFEER AlEEolA,
Bootstrap & 95% Al +3F2 Z+2F [0.81, 3.60], [0.68, 3.68], [1.12, 2.72] kg

CHy/head-year % Bootstrape] 212 7F yYnj7p 713 2ZA

=3k Bootstrapoll Al 42% = 7} Z9kth

Table 22. Comparison of simulation results (class C)

Unit : kg CHy/head-year

Non-parametric
C( > 500 kg) Parametric MCS Bootstrap
MCS
Avg. EF 1.88 1.87 1.91
Std 0.72 0.81 0.42
95% C.I. [ 0.81, 3.60 ] [ 0.68, 3.68 ] [ 1.12, 2.72 ]
U (%) 74 80 42
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452 Exxg A|2= Holge BxE /1A

of Aol s ExAle] A2 o] &&(MS)H iy Alxge] CHy A
A= (MCF) tlolgfell wHefr =] &A1 A=<k, IPCC 7ol =2kele] 7|2 Ho]
HE &8sttt ol @ HolEHEA, & VS, Bgt #Zo] #x7F F4Y
Aok 28 ol=dl WalA, FEE ZHEsE sk IPCC 7he]l =gkl el A

Iz
N
L BAY BuAe Az A oFat T4 A, BuAY A2
)=
=

E FA3 HolEEs BIBoE B ZHIER

SEXR FAIS u, class A, B, C2 95% Al 3+ 747}
[0.47, 1.56]e. =, [1.11, 3.75]°1A] [1.08, 3.81]2.=, [0.81, 3.60]
ol A [079 360l ] Zojx o class A, B9 UaE S718FAth

o2 PHRGS W, BuAe Az h@ dolHE ¥ue] CH WE
S wde] glol, a3 govl, T FuA Azdel HajA A

o g
Tk AYselor g & & Utk
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Table 23. Comparison of CH4 emission factor by setting MCF, MS as constant and
uniform distribution (parametric MCS)

Unit : kg CHy/head-year

A (<300 kg) | B (3007500 kg) | C (> 500 kg)
Avg. EF 0.95 2.98 1.88
MCF, MS Std 0.27 0.69 0.72
as
- 95% C.I. [ 048 152 ] 175 [ 081, 3.60 ]
U (%) 55 58 74
A (<300 keg) | B (3007500 kg) | C ( > 500 kg)
Avg. EF 0.96 2.98 1.89
MCF, MS Std 0.28 0.71 0.73
as uniform
distributicn | | 9% CIL [ 047, 156 1 [ 1.08 381 ] [ 0.79, 3.60 ]
U (%) 57 60 74
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453 ¢ &% &= CHy WiEA T v
4531 wEAAE

TAHE = oA 27X =AY AAHH 77 247k~ B A (Nationaal
Inventory Report, NIR)E &3 &2 Exo thst CHy, Wl&A5 Zd4S

708k 9 (Ministry for the Environment, 2017).

AR, MEAS AL s &5 19k e st wadel

rr
ME
r
1o

A% A= (Faecal dry matter, FDM; kg/head/month)°l| t3st =7} H Q 3}t

TR F A7) W&o, o Ay - Fxel of
st Al w5 Ho TS HolH(A: 1.187 kg/day, B: 2.856 kg/day, C: 2.781
kg/day)Es Wdsir ottt =3 mHAE 5% Ex CHy #iEAs 224 A}
45+ 000098 kg CHykg FDM2 wa#= 2o tisk o4 Ayziyg o
o1z [0.00092, 0.00104] kg CHykg FDM= 7] %= 3slal 1o, 7 Az +7H
dolge] thal # &K grH(Saggar et al, unpublished; Sherlock et al.,
unpublished).

Table 24. Assumed methane emission factor of New Zealand cattle manure

Unit : kg CHy/head-year

FDM A (<300 kg) | B (3007500 kg) | C ( > 500 kg)
[0.00092 kg CHykg FDM] 0.39 0.95 0.92
[0.00098 kg CHykg FDM] 0.42 1.01 0.98
[0.00104 kg CHykg FDM] 0.44 1.07 1.04
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dede A7, wAAE 970 wdste 2w A% Fdgo] a9 AT
BRo] wWE Hike Az AFH 59T A class A, B, Col wiEA Bt
CHy WIZA55 042, 1.01, 098 kg CHy/head-years! ZAo& Uegron o]
¢ Exo Wt CHy si=A5ok vl S wf, 44.17522% G0l AT

2

olgg A= FHA= 97t wjAdstE Bxo Az Ao $gerc
2o AU, g ExAE A2"e CHy A3 Algel o9& F3F §b7] o

PaAe Axue) CHy A% A5 479 F24 938 5 Ao

45.3.1 7l=

= Ag, 17F 2A47F2~ B aiA](Nationaal Inventory Report, NIR)E -&
3l S99 ol ik CHy si=Al5 2 vk ofyel, 354 <l (implied)

CHy Wi&=AE 708k ATHUS EPA, 2017).

Table 25. Implied methane emission factors of United States

Unit : kg CHy/head-year

2011 2012 2013 2014 2015

Beef Cattle 1.7 1.7 1.6 1.6 1.7

Table 25914 A|AJsFL Q1= wl=re] &9 kol Wi o5 CHy wi& 7
T ¢ w29 CHy WiEAITE vugdlS w, class A 95% Al -3t i
e A= AN class B9 class Co 95% AlF -3t = g o] e
™, class C¢] Hi CHy W& 49(1.88 kg CHy/head-year)ol 717 717+ e}
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Abstract

Various input variables are necessary to calculate a CH; emission factor
from the livestock sector, part of the greenhouse gas (GHG) emission.
Typical input variables include volatile solids (VS) excreted from the
livestock manure, total CHs production from the volatile solids, fraction of
manure management system types handling the livestock manure and the
methane conversion factors for each manure management system. The
objective of this research is to develop CH; emission factor of the Korean
cattle using the statistical simulation approach. Cattle manures were
analyzed from the randomly chosen 30 Korean cattle farms in Korea for the
analysis of its VS content. Data for the maximum methane production,
fractional utilization rate of the manure treatment system, and methane
conversion factor were collected from the literatures. The statistical analyses
results of the VS contents and the cattle’s body weight showed that the
methane emission factors should be developed for three different body
weight classes of the cattle. Each body weight class reflects the growth
phase of cattle. The Monte Carlo Simulation (MCS) and bootstrap method
were applied to obtain interval estimates of the methane emission factor,
and the emission factor from the bootstrap method resulted in smaller
interval width and relative percentage uncertainty compared to that from the

MCS method.

The methane emission factors of the Korean cattle manure in three
different body weight classes of the cattle were [0.57, 1.37], [1.43, 3.36]
and [1.12, 2.72] kg CHy/head-year. A salient feature of this emission factor
1s that it is an interval estimate, not a point estimate, in the area of the

cattle’s manure.
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