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ABSTRACT

This study was conducted to investigate the national methane emission from livestock enteric fermentation.

For methane emission estimation, livestock were mainly categorized to cattle, swine, poultry, sheep, goats
and horses, and cattle were further sub-categorized to calves, fattening cattle, breeding cows in Hanwoo and
calves, fattening cattle and lactating cows in dairy cattle.

Tier 2 methane emission factors were deduced based on the characteristics of animal performances, live
weight, slaughter weight, daily weight gain, and feed digestibility in each category. Tier 2 emission factors of
Hanwoo range from 39 to 49 kg/head/year and it is similar to that of Tier 1(47kg/head/year). Tier 2 emission
factor of dairy cattle was 107 kg/head/year and it is slightly lower than that of Tier 1(118kg/head/year).

Total methane emission from livestock enteric fermentation by Tier 2 method was estimated to be 126.8
tones in 2001. The methane emissions by Hanwoo, dairy cattle, swine, goats, horses and sheep were 61.70,
47.76, 13.08, 2.25, 0.17 and 0.01 tones, respectively.

By the use of Tier 2 method instead of Tier 1, the accuracy and reliability of methane emission estimates
from livestock enteric fermentation in Korea is considered to be improved.

(Key words : Methane, Livestock, Enteric fermentation, National inventory)
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Table 1. Tier 1 methane emission factors(IPCC, 1992)

Livestock Hanwoo  Dairy cattle Swine Sheep Goats Horses

Emission factors(kg/head, year) 47 118 15 8.0 5.0 18

Table 2. Estimation of methane emission from livestock enteric fermentation by Tier 1

Livestock 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Hanwoo 762 833 949 1062 1125 1225 1337 1285 1120 917 747 661
Dairy cattle 595 585 599 653 651 653 650 642 636 631 642 647

Swine 6.8 7.6 8.2 8.9 8.9 9.7 98 106 113 118 123 131
Sheep 0024 0024 0032 0016 0016 0016 0016 0008 0.010 0010 007 007
Goats 11 17 25 2.8 3.0 34 34 3.0 2.7 23 22 22
Horses 0090 0090 0.091 009 0108 0108 0126 0144 0.152 0152 019 0.19
Total 144 151 166 183 190 200 212 207 190 169 1537 1463

(Unit : Gglyear)
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Table 3. Representative livestock categories

Methane from livestock enteric fermentation

M Tier 2 MO0 E ME IS

2 EF3sla(Table 3) @ 7
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® 7+ AR JAad wiEe) A

gl o3 v

Ni =A%

Categories Sub-categories Characteristics
Calves Female and male calves less than 1 years old
. Growing Hanwoo bulls and steers, older than 1 year, used
Fattening cattle L .
Hanwoo principally for producing meat
: Cows, older than 1 year, that are for calve production or
Breeding cows .
meat production
Calves, growing cattle  Female and male calves less than 1 years old, Growing
and dry cows heifer older than 1 year but, younger than 2 year Dry cows
Dairy cattle  Eattening cattle Growing bulls and steers, older than 1 year, used principally
g for producing meat
Lactating cows Cows which is lactating
Swine All ages of females and males
Sheep All ages of females and males
Goats All ages of females and males
Horses All ages of females and males
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Table 4. Livestock populations by subcategories (Unit: 1,000 head)

Livestock 1990 1991 1992 1993 1994 1995
Hanwoo
Calves 674.5 723.8 829.6 9504  1,002.3 1,046.5
Fattening cattle 88.4 85.3 100.7 108.0 136.9 159.7
Breeding cows 829.8 936.1 1,0558 1,166.8 1,2086  1,335.8
Sum 15927 17452 19861 22252 1,986.1 2,542
Dairy cattle
Calves, growing cattle and dry cows 260.9 201.8 206.3 233.7 235.7 235.4
Fattening cattle 28.7 2717 32.7 35.1 445 51.9
Lactating cows 243.0 294.0 301.9 319.7 316.4 318.1
Sum 532.6 523.5 5235 588.5 540.9 605.4
Swine 45280 50460 54630 59280 59550 64610
Sheep 3.0 3.0 4.0 20 2.0 20
Goats 211.0 346.0 501.0 558.0 603.0 681.0
Horses 5.0 5.0 5.0 5.0 6.0 6.0
Sum 4,747 5,400 5,400 6,493 5,973 7,150

Livestock 1996 1997 1998 1999 2000 2001
Hanwoo
Calves 1,131.0 1,101.9 895.2 717.4 589.6 505.6
Fattening cattle 184.0 208.9 210.0 190.9 165.9 165.9
Breeding cows 14685 1,356.5 1,209.4 981.4 780.4 695.1
Sum 2,2252 26673 23478 1,889.7 15359 1,366.6
Dairy cattle
Calves, growing cattle and dry cows 236.0 234.7 231.1 229.0 231.9 283.0
Fattening cattle 59.8 67.9 68.2 62.0 53.9 54.1
Lactating cows 315.5 309.7 307.8 305.5 311.9 265.0
Sum 588.5 612.3 596.6 596.5 597.7 602.1
Swine 6,516.0 7,096.0 7,543.8 7,863.7 8,214.0 8,720
Sheep 2.0 1.0 1.2 11 0.8 0.8
Goats 675.0 604.0 538.5 467.9 449.4 449.4
Horses 7.0 8.0 8.5 8.2 11 11
Sum 6,493 7,709 6,566 8,340.9 18,6653 91716

Source : Domestic livestock statistics, Ministry of agriculture & Forestry, 2002.
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Methane from livestock enteric fermentation

2>, 2000)0l A A|A13E 3670EE A
7} 246.1kg S Z+7+ A 83kl

399.8kg
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9, WA= zAlE 75% EBAE
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74.46% % E=E3IQITH(C] 5, 1988). 7]&x}o]
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ZA5FE ARAuE R TAs) 98 38 T oS 1A @Ak o] AAES vt
Bo] 7}EEA2AH2002)S F83t9lar, A} F2=E IPCCe| Good practice guideline (2000)
FxAY ANeEe g A4 54¢ oA AAER Sl NEm, NEa, NEM/DE,
=25ty & s e #38stgl  NEGYGE WAAS HE3ith Ymak> Fol
o Ak WA A eEFe] wrke AL
Q) 32 TAZ 006 A&l W= 004
FolA AAAFE AEAFBANE(CsYE A ST
Fob FA7)E AT 4, 200008 Farste] ok e M el 1~ 3o §A5
23 200kgS A4S, WSS BAAFe B EFS] el AR Wy i
Mo A FARSFHA2E0DG F Lol F ol FF AERE 24l 4
d AeTageld #HA 39,075F F da  FEE w2 ot dva AzE
= A9)3 $4(13,4185F)9] A AF 575kget
A A $-(18,754F) 2] A A5 588kgel FIE A 2 Ha
g3fo] Hd Ay} 578kglE =& Aol AANAFS F 5(1996)°] Holstein
SobA o] 1208 AT M- AHAT T AANAT FHEF FAAEE FoR
< VEARFRHEAE(EET FAVIEAT FEoA= 43.69kg, FEobAE 39.87kge
Table 5. Growth performances and digestibility in Hanwoo
Birth Weight at Average Live Slaughter  Digestibility
Sub-categories weight  12months daily gains weight weight Ym
(kg) (kg) (kg/d) (kg) (kg) (%)
Calves 24.1 246.1 0.61 135.1 - 67.36 0.06
Fattening cattle - 246.1 0.91 412.1 578 74.46 0.04
Breeding cows 24.1 - 0.34 399.8 - 63.82 0.06

Ym : methane conversion rate which is the fraction of gross energy in feed converted to methane.
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Table 6. Growth performances and digestibility of dairy cattle

Birth  Weight at  Average

Live Slaughter

Diges- Milk Milk

Sub-categories weight 24months daily gains weight weight tibility production fat Ym
(kg) (kg) (kg/d) (kg) (kg) (%) (kg/day) (%)

Calves, growing 39.87 597.0 0.78 3184 - 71.13 - - 0.06

cattle and dry

Cows

Fattening cattle  43.69 - 0.96 362.3 681 73.40 - - 004

Lactating cows - - - 624.0 650 63.82 18.49 3.74 0.06

Ym : methane conversion rate which is the fraction of gross energy in feed converted to methane.

Table 7. Tier 2 methane emission factors for cattle

Hanwoo Dairy cattle

Livestock Fattening Breeding  Calves, growing cattle Fattening  Lactating
Calves

cattle Cows and dry cows cattle COWs
Emission factors 59191 50712 48.979 61.813 45504  106.690
(kg/head/year)
gttt S 1dA wvke] e d 3659 R Ui #hQl 18.49kgS A E3kSlal o]
obAek FA(1~ A wivh) R AFSE we He FAEL 374%3 vE vHx
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A e 5F 3T
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FotAoF Ff-9 Aol Hx 50% : F
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AL, HE¢E AR 30%: EIFALE 70% A
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A

]
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Table 8. Tier 1 methane emission factors for non-cattle livestock

Livestock Swine Sheep Goats Horses Poultry
s : s : —

A8 FHE AR A7, LMo s @ dadd o v EFE FH% Aol
of Ars AlEshA Fokou gHldl= Al wh Tier 2 Wl o3 HgE FALES
gk slo] 5ot wiEAF glojA &9 IPCCOlA 3= Good practice guidelineS-
o] A, FobA= 39.19, M= 5017, ¥ FuR ARFE 7S5 AN B NSRS
A= 48.98kg/headlyearo 2 7FER=H argste] Wg wWiEAleE 77§ hSEST
o] ke A9l IPCC99)Nd AT 9 B Fekol W wiEEow srh(IpPCe,
= 5% 47kg/headfyeare] W3] FolX]= Y 2000).

3ouEsh WA gz AFse AnE gy HH, A, WY, % e S
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(o2l 4t Af-9el A% Uskgheadyear  This Aol7k A& Ao AR AT
= AR A=A Fgel M Hrkek wk E vEel A7) wael AA wiEF
& olETE oF 10% A= WAl vehd Agl l ghol & ApolE A ¥& AoR A
Ok @5 Fobx], HlEg-of Wag-o] wjE

F7F IPCColA AAIG wjEAlgot Aol &
Holi= 2 47kg/headlyear’} A eHAE =
ERehA &2 55 dAL HE FdA
Folm %%01 ATl met FopAl=

A, AF

e A% =
A FRHERNL, ZFH5-o Agols, v
2} Ao Trﬁ&*é o] Azlarrtl utr] o
ol fFALE A AEHE WEAST
7} 118kg/head/year Rt} Al UERHE Ao

2 AsEd
A ASIT WY, W, AA, o] v )

E7o] AA sk vl Eo] WA @il S At
5857} v E3sle] IPCC(2000)9 4 A Al 8f=
W 2ol et Tier 10 9@ MiEAlFE &8
331t (Table 8).
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Table 9. Estimation of methane emission from livestock enteric fermentation by Tier 2
(Unit : Gglyear)

Livestock 1990 1991 1992 1993 1994 1995
Hanwoo
Calves 26.44 3251 32,51 37.25 39.28 41.01
Fattening cattle 4.48 4.33 511 5.48 6.94 8.10
Breeding cows 40.64 51.71 51.71 57.15 59.20 65.43
Sum 71.56 88.55 89.33 99.88 105.42 114.54
Dairy cattle
Calves, growing cattle and dry cows  16.13 12.47 12.75 14.44 14.57 14.55
Fattening cattle 131 1.27 1.49 1.60 2.03 2.37
Lactating cows 25.93 31.37 32.21 34.10 33.76 33.93
Sum 43.37 45.11 46.45 50.14 50.36 50.48
Swine 6.79 7.57 8.20 8.89 8.93 9.69
Sheep 0.02 0.02 0.03 0.02 0.02 0.02
Goats 1.06 1.73 251 2.79 3.02 341
Horses 0.09 0.09 0.09 0.09 0.11 0.11
Sum 7.96 9.41 10.83 11.79 12.08 13.23
Total 122.89 133.06 146.61 161.82 167.86 178.61

Livestock 1996 1997 1998 1999 2000 2001
Hanwoo
Calves 44.32 43.18 35.08 28.11 2311 19.81
Fattening cattle 9.33 10.59 10.65 9.68 8.41 7.84
Breeding cows 71.92 66.44 59.24 48.07 38.22 34.05
Sum 125.57 120.21 104.97 85.86 69.74 61.7
Dairy cattle
Calves, growing cattle and dry cows  14.59 14.51 14.28 14.15 14.33 17.49
Fattening cattle 2.73 3.10 311 2.83 2..46 2.30
Lactating cows 33.66 33.04 32.84 32.60 33.27 28.27
Sum 50.98 50.65 50.23 49.58 49.6 48.06
Swine 9.77 10.64 11.32 11.80 12.32 13.08
Sheep 0.02 0.01 0.01 0.01 0.01 0.01
Goats 3.38 3.02 2.69 2.34 2.25 2.25
Horses 0.13 0.14 0.15 0.14 0.19 0.17
Sum 13.3 13.81 14.17 14.29 14.77 15,51
Total 189.85 184.67 169.38 149.74 134.58 126.80

Table 10. The differences of methane emission estimated by Tier 1 and Tier 2
(Unit: Gglyear)

Livestock 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Hanwoo -46 -48 56 63 -70 -74 -81 -83 -70 -59 -50 -44
Dairy cattle -16.1 -134 -135 -151 -148 -144 -140 -135 -133 -135 -14.1 -16.6
Total 207 -182 -191 214 -21.8 218 221 -218 -203 -194 -191 -210

* Methane emission by Tier 2 Methane emission by Tier 1.
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