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Abstract : South Korea has the highest nutrient balance among the OECD countries, and its nutrient input from livestock excretion
is continuing to steadily increase. In order to achieve sustainable agriculture, South Korea urgently requires the implementation of
numerous comprehensive measures, such as improved fertilization management, advancements in livestock wastewater treatment
technologies, and the revision of related regulations. This study examines the generation, treatment status, and methods of livestock
excretion management over the past decade (2012 ~ 2022), following the ban on marine disposal. Additionally, it reviews domestic
and international policies regarding livestock excretion and proposes policy recommendations. The findings indicate that a rising
density of livestock per farm has led to increased excretion production, and that composting and liquid fertilizer treatment play an
increasingly significant role. In the EU, nutrient management and regulation are integrated into agricultural policies and guidelines,
and there is a growing emphasis on expanding biogas production using renewable resources. The insights gained from livestock
excretion policies and biogas industry trends in this study are expected to inform the development of domestic policies to address the
projected increase in livestock excretion treatment demands.
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Figure 1. The number of livestock farms and livestock.
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Figure 2. The amount of livestock excretions processing.
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Figure 3. The percentage of amount of livestock excretions processing by self-processing a) and consignment-processing b) facility.
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Table 1. Status of public processing facilities for livestock excretions in South Korea

2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Total numbers 85 88 94 98 98 98 100 103 108 106 107
BCS 16 18 23 24 24 24 30 31 30 30 31
BIOSUF - - 5 8 8 8 8 8
Processing | HBR-1I - - 5 7 7 6 6
method | KHTS - - 5 6 6 5 6
Liquid phase corrosion 18 20 21 23 23 23 21 21 23 22 22
etc. 51 50 35 30 30 30 28 30 36 34 34
Processing | Linked processing 55 57 60 63 63 63 66 68 69 67 68
type Single processing 30 31 34 35 35 35 34 35 39 39 39
Institution capacity . 13735 | 14.5%0 | 15.308 15,558 | 15,558 | 15,558 | 16,013 | 20,173 | 21,053 | 21,173 | 21,233
(Composting capacity, m’/d) ’ ’ ’ (1,208) | (1,208) | (1,208) | (1,100) | (1,471) | (1,941) | (2,368) | (2,458)

BCS: Bio Ceramic SBR; BIOSUF: Biological treatment with submerged ultra-filtration; HBR: Hanmee bio-reactor; KHTS: Kist high

quality treatment system



o] 3™ Bacillus spp.2] F713E AF POz HL o] A
do] dg glon, g5 SR 4] &ddo] wil EH
SeAA S EHY] £2 A=l AHo] vk 1y v
SRAE 45502 BaNTEoloF 549l Bacillus spp. N
& 2 B3 BEA Bl 1xe] sl BRT Bol Aek
BIOSUF 398 B44248 B gelolaeton noje

Sto] FA| Ao Fadt A e FAH SAHLE
Z712 W vBEY sk FA7t 7FsSHEE %& BOD A
ARES 7 53] F4 £&7t 9 Aot IwkE &
A7t 1 2d 885 ST 5 vh26]. Hix 2 4 5
A2 Aol Al BIOSUF 578 ol & 45 uldE AR Al

% ope} 47189 RopaBolt 4R HatelE e
3

=

—=

o)
o
N,
)
Mo
)
ek
s
%9,
lo
fal
il
i)
B
>
M,
fol
o
o,
f

tlo
£
2}
e}

2k 13} COD AAE B4l & =+ 9= 574

=35 A 7zl dAs] golstth. EE8AETAl &
WMot HBR-II &8 o=, @72, rdar|=, J4d
&

FAEH MESEAE AT WiFEE Qe st
=] jui

Asjo] A st s, HEEsE 5] U Ry
4 AZre] 27o] s ste] RNt BBl e AT &
ol3HaL, LN 0R FA7|lT 2 8stel AH % §ABY
u] gl Zhs st KHTS e 3

A Beg S8R g1

e

oz

1

o_r‘lr

B ol

o

o Jo >
N,
ox
i,
oy
)

)

o
el
M2 e

ol
-

_)&
o
it
oft
_o#
)
4>
)
=2
>
Y
)
il
N
o 4
L=
4
M
|o
HU o

=]

ol N

1B
o
ol

Ok

|
of i,

1L,
fol
I

o 2~ = oS
o
to
—E’

#(Bio-maker), 7] %, FAAZ, AR, &
Z3P 0 & /= o] QUth. Bio-makero] Al &/ 3} t
u| &R Bacillus spp.& AL O2 ST & 27| xR0
Fsto] f71E84d 9 AA%} Q19 AAREC] 4511, E
ZEY nPEY &g S8R9 XA o] 45t 27
Z YollA 1= 9] T4 2 Y(mixed liquor suspended solids,
MLSS) 547} 7Fs-sheH24].

fia)

ut
00 3

D olo

3.2 REY VIEER LM g

Y =7 AT SRR W8T $AE 4 =719 &
A TR, S 3
o, FHAA A7 sk HEEes oF 149 E02 4
=3 QIch28]. Figure 49 2016 A-E 2021W7HA] - =71et
U o] 7f=R Yy WAERS vl wElgich TEAL 20214 2.70
o E9 71527t HASH oA 7MY g2 AL

i)
H
[
o
kt
r o
e
i
ridt

.,
=1
=2l
2,
)
I
K}
fr

U R FEY VSR A TR v 369

France

Germany

Netherlands

Belgium

Denmark

South Korea

0 50 100 150 200 250 300
Annual livestock excretion production [million tonnes]
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2 A9 E4o] uhet A oul) AMR Al AUz
| AT HEA T ASE7h SEAA A%
13h0}. 200090l 7 R0l 7 9lsks 247t
P23t spo A 9 Skl e dhAsh AR R v
A5t AL 0] 5= ol 913 2020477
2k FEAUSAAL 15074 % oA 100714
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AAE ERE TRPOU, FeALMAE AAHH LS T2
EHO| 58.7%%1 8874, AUAISAE 2 G2 FH| 8.0%
Ql 87l 4ol B, 7HEE AEdE A Fx Ex A
5509HE2] 59.3%%1 326%HE0] E5TH2022 715)[33]. ©]
o] F=solEF AR 202U RE RINE VSRR A
S AAANYES AGRAE FHE] 1, FAES A
S ARl AR W7} 75 e 353 HEe] 0| A

IS BRE ot TVIEER e AX5 SRS =1
SHLI[34], HIH AL 7SR Tt vk fi8f Al
22 HIH A YT ST S IARA T2 FX=H
tH35]. 201390l= 87| 7SR AEs S 1
o] 2017714 ALS-E 91%, SSAMLSE 17% A4S
HE FEAYIAA 150704 HA], o RS AJA 21704
A, B F-BAE 2, HEEARs7E GSHAID 2 et bt
59 AHdS AT 11]. ©] Holx 20149 A &7Hs
A8 ZAES R 2016 A2aF B84 7| EA S
20179 LT A 24 FARH S SHHT
AR 9] et AxE TAYc= LAY vy
SIS S04 202199 FRIAEE =ASHAL,
= =3
H

AGE B FESA A H-ou] FHef A

ol
-

e

o

F 71ES vhdsit. FEHHAE TSRy H- 4] 5
vl FE(]l, )9 FY-A2E A A9 SHE&F
B Wz dfete Az, 47 Wele] 5384 Sl T4
o R FATH 2T Apol]l FErAE BElsHH, o]
£ &9 s8A Hgt F2o #Y Y Alole FxE At
[36]

7159071 A& % gasE HES 9 20229 "R A
LS E-83 vhol e 7kA0] YAt 9l o] g X0 (o] 5 Hho]
L7tAH) AE A, ol wt {714 HALE 34, A
A, B AEAE 5 HECIA A9E AR I AIY
of dagt 7|¥he npdstlet. §714 HAES 83 Hiol 2
7ta8] BAkE SA1517] fiste] HiW HRo] @7k o R AgARR}
o} vtol e 7kA AR EES AT T2 20259 50%E
Ao =, 2045 5E 80%°] FI7} Fo= 1L, Wk O T4
2] AEEEL 2026 10%E A ZHO.2, 20501 5E] 80%
7t FolH P 37]. 25 AEE AsiAE olsEARY
TEEYT ANIAE B3 A JAEH R A
FEAAT B84 EY & ATB8].

202290 E FA AP maEE T
A, &, 229 FHEAg HPAS7E2 4
EA FAstar glom, 599 Fee WA
OFAIZ} m* F HAMAONA 242t 10, 7, 2.5%F, AFACNA S, 5,
2.5%0H39]. FEYEte] TSR BEEAL 19619 ©1F
2E HI7EAY, SALARA, HHeHdd B, 715907



s % a5y A% 22 AdE B tEAR A%
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3.32 Q¥ =2 2| =5t
33.2.1 FETE

EU GEHE9] 4 7tol=aiele 1991dof 3d "HAt
AAH(91.676/EEC)O|H, 7FEE ke W H|RE 5 A £
= gA8te 7172 A, 7SR R A 58S 473
3to], Y FFolM FEEHE A4E £ $£FYPE E0]

I A0 AAY L HS WAE HA O R QHH40]. 7R
I AH] 7]&L gutd oz Hd) 170 kg-N/ha/yr D 22 kg-P/
ha/yro|™, EUS Y= & ZTYAE AL UMA S7=2 &
ol s dLE FiL AU AR A= Aafjof et Hl&
ek 7hE2 ke 9] H o 250 ke-N/ha/yr7HA] 42 51831l 91
o QA E3F A2 -EQF S et AlH] 7|&E& St
of ¥ staL Qlct.

EU= 2050871 7| 2592 SHE 20199 549 1914
(European Green Deal)S WHSFOH, o]E 95 =449
A&7Fsde w01l Y Ho=E QR LFEA Y F&E4
o] A Yol 5T IYFAHE] Y5 A & (integrated nutrient
management action plan)& 7| 2 FAs7F X H3} (7]
d H71ES A 7T BlRE AZEste Ao A% 7t
5% 5471 AHES ST o oltt. FAFoEE: S
BolAY FF Jrh(Es] 4ot 7t di7 EGeE
I AE TS HAaE oIl et 2030 7HA] H®ARS:
20% A 2 A A H](balanced fertilisation) S 283}, &
A%t Q1 T E Attt ®3h EUs 2R 3559384
(Common Agricultural Policy (CAP) for 2021-27)2] 4&o
2 oA JFE AHE-E B 4= 9= FaST(The Farm

U 9 79 7heae @ St Bl 371
Sustainability Tool for nutrient management)S 7H&s}lo] 5
2oke] A YsLE PASRITHALL Table 20] TR &
Zasto] GRS VAL U ERw A T4 R 4
1.3 gelahnt

Qokat 452 el 22 @eA Bl ue 1985
W W BAg 7o) AR TrE 2457, FUS T
A& (Nitrates Directive),2] 43+0 &2 ZAHs719] 71&AMS: 4F
of ugt A%k WA 3FHEIEE 5= ‘Harmony Rules
(1998yE YA, 20179 AE2Y 7FE F43(livestock
units per hectare, LU/ha) A2t A} Q13 AAg 45 et
29 B & H]-&(Direct Phosphorus Ceilings)% ¥ 73}%
th ol A9 E4 9 350l wet o HdAuEE A5k
AOR, WA A (FEEF 9FE "E + A
£ YA Y uisty FHA 9 24%F FAhHOE Lol
A 5FHTH 15]. 2008 0fl+= "Consolidated Act on Livestock
Farming Environmental Approvals © et 7FSARS 159
T2 AR 57 9 590 sk 1o, e 39l 2009
Fo]l ‘NPo (Nitrogen, phosphorus and organic matter) Action
Program (2009)E $Hsto] 75 s HHE &E5te 7
S A4 AJH]E 170 kg-N/ha, 70% o]4F9] %A 9 Atz &+
£ AHiAl 230 kg-N/ha& AgHstal Qlth39]. Ege] 485
£ Q A= 7HEERe Aird gl wEt Agtete 1A
ol B oz AlYstthrl 20179 o] T K E A A= A
3lslo] 30 ~ 35 kg-P/ha® AISHSIAL Qlth[42]. 78k H|&E
£ &8ot= A%, 240 o #E Ao vt HlE A%
(Danish Register of Fertilizer Accounts)®] 555l 5} Q1
th41.43). B, 199495 E EAE FaFE A Tt
7V AAHY 7182 1 ~ 5 kg/ha 52 5 ~ 10 kg/ha 237}5}
W SIS BE] BRI, 10 keha o 2348 T 3
o 0.13F-Z/kgN9] & A E3foF ghrh44].

Table 2. Comparison of regulation, tax, operation system between South Korea and EU countries

Denmark Netherlands Belgium Germany
Livestock density 2.3 (cow) d 4.5 (cow)
. 3 0.35t0 0.5
[LU/ha]* 5.1 (swine) (cow) ° 7 (hog)
Regulation 170 kg-N/ha® 170 kg-N/ha® 170 kg-N/ha" 170 kg-N/ha”
Limit to surpluses 230 kg-N/ha’ 250 kg-N/ha® | max. 250 kg-N/ha* 230 kg-N/ha'
30 ~ 35 kg-P/ha | 24 ~ 52 kg-P/ha | 17 ~ 41 kg-P/ha | up to 9% of the soil yield [kg-P/ha]
Fine for farm of
excessive manure Max. 0.13€ /kg-N 9.1€ /kg-P 1€/kg-N, 1€/kg-P -
Tax production
Carbon tax 2030 ~ - - -
) Nutrient digital system 2000 ~ 1998 ~ 2005 - 2017 ~
Operation -
Manure banking system - 1987 ~ 1988 ~ -

Ref.: data from [40-45,53]
*: livestock units per hectare;

°: other crops; °: growing more than 70% of grassland and feed crops;

4 in order to allow tree

regeneration in the developing mosaic vegetation during the first 5 ~ 10 years after the end of the previous agricultural use; °: legumes

0kg-N/ha, low-nitrogen required crop 125 kg-N/ha, feed crops 200 ~ 250 kg-N/ha; " grassland (grazing and harvesting 3 ~ 4 times)
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YERes US98 R wige] gL 24
B7le] 5B LS RES 02 A o] Bujste] A%}
o} A8 F= B 2PAE(198749), Aol ASH A
de B AFSTHE 2T & UES ke AU A
I=(Tradable Manure Production rights)’, ‘91 Hj&=F ASHA| =
(Levy-Based Cap on Farm-Level Phosphate Production)’, Q&
HJ3F FAE Al 249 JEE SESe FEIAANL
®l(Mineral Accounting System, MINAS)’, &4Hs719] ARS-5
= AlF20169) 52 =H3HATH29.41]. 53], MINASS <
W2 AR (1087 ~ 1998)2 7152k QI3 QALS 125
kgha PO, B} T4 AR A9 FHEEG BHsHe
o, 1998'd MINAS (1998 ~ 2005) o] F = oFk 3ol 23
& A7) 99 T o3 sishe mokslol
S7tolA dAohs BE AaQlo] et fd 2 fES 55
St FRIAANAE S EUE 23 ol digh IS A
Aope, B2 Q4 1 kgd 9.1 FEE T2 {PITIEG
w2 Ho|TH44]. I3, MINAS7} EU ¥ o2 7H T
AR Z FstE A= ® 175(2003.10.2.)0 Bl wt
gk WA H 5L, 2006358 a3 EGo] Bt davg VE
2 AEol= =L v ZAHZ(New fertilizer policy, NFP)O.Z
BHE|QITH45]. 2024 ~ 20179 717 Qte] whet H27] 542
% 2700 A AZF 250 kg-N/ha7kA] H]ZARg-0] 7H55ltt.
F7]o]9] R 1988 Aol HdHE =x37ke o}
EUf(Vlaamese Landma atschappoj, VLM)°| EdolH, 34
ol dF= FENIH B ERH, EXNE, Hm2dol
TH44]. 7FEE 23 (Manure Bank)o|A F&5712] A1
TE, SEE A9 {5, Fig Roet Y HEHE
o, BT A8, A A, 5171, e wE] dF 55
Feeh40]. E3F, FERER o4 W A2 APt

‘]
(o]
o, 53] 7F5AR0] Eol o]Fo{A|1L 9l
o

dm

K
O 18 30 ol 4y w2 X0

= E9EE A
ol Al&= ‘Manure Decree’® 7F=EE 9] X9 7t o] 5 5]&

g5o] TE 7HEER A E Q1F5A|(MVC's: manure processing
certificates) ‘Y5 S4s7He] FE81EA(NER-D: Nutrient
Emission Rights)S 5]7}8|51L, ‘Manure Action Plan’ 52 5
of it & 7SR RS delstal Qlrh41]. Hrok 54
HA tfH] Rt 7SR E A4S s7HeIA TS (1kg
o] Qb AAag 158)S Fastal deh44]. AlH] 7]l
TS FUES LPA A (fixed system) T FEFAAAH
(nutrient balance system)2] & 7}A] A|AH] Fof|A] AeHE 4=
UL, IPALE S Aestd sY52 ol 48 AM+3
< mEtof gk 7109 THE Rk A4 FAVIES T
&, 428757 32 AE, 7EEE, AARAE AT o,
Z}Z} 0 kg-N/ha, 125 kg-N/ha, 170 kg-N/ha, 200 ~ 250 kg-N/

20
a2 A7t 250 kg-N/ha7tA] H83k 2= 9)on, 7|EFEE Auj

=

Ae] A2 712 BU 244 H3 SUstha0) 7ol
diot g, YEdE, 543 n7HA 2 AR50 S ha
% FUME LE 99z AR ou, 53] 22 4
e A8l ol 4A AHE F A5 ~ 109 &9 0.35 t0 0.5
LU/haZ 73E31A A8kl lTH46].

U2 EU9| TEARAM,Z E810] 20179 B2
(Fertiliser Act)y’S 47 9 ‘U] 253 (Fertilisation Ordinance
(DiiV: Diingeverordnung)’& A|35}o], 7FEE vt 170
kg-N/ha® ATHA 712& ZE |7 71E] A&kt
ol ol E3 % A "ol @7kA A3tHS 2Ih[41]. ETE,
ZA (e D3 ~ 43 2EHS e o] 7R A T
Y7122 230 kg-N/haol™, AARS EFAFETL] 9%71HA] Al
H| 2 A5kl QUTh40]. 20209 HE &= 3 LU/Mag Z36H=

oS Aae o 13, 4 9 ZEAE)E 13339 FHst
o £ 0] 10 ha o] 2 gFHo=
Ft 54| HloTE|(nutrient data)E 7] E5HeS SHaL QloH, &F
A HolEs EGO Aawkat APgHy, Blee A4 9
Q1 St AP, &efe] 9 ] fmyoby A4 o
=

L
%
=)

X

3.3.2.2 9| A] &oF

EU 3]¥=2 Aol 2] X F (Renewable energy directive,
Directive 2009/28/EC)’, ol°]l @2} 7tk 5 Y 7Hs3 A
Y= o]-&st= Hio|7tA S A AP MG FX5HAL Qe
AP A] A FAFAHL YA B HE w507l
oy x| o] &9 £xlof 3t A Z(Directive on the promotion
of the use of energy from renewable source)’©|™, I}# <H}O]
Q2dA=F X F(Directive 2003/30/EC)’ 3to|A] Z 3| P=EL v}
oleA® AHE 7IE(5.75%)F AEAH o8 ELRANE, A4
o 2] 2 (Directive 2009/28/EC)> 3o A& 2z 3] Y=E0]
10%2] AHE 7|5 o2 02 F45fjof Thrh48].

EUS| HIO| Q7tA BAAE L FA 3F3FE ERFE™, A
= H71E WA A AFAH o2 B = = HR7EA(CH,, B
o] 7kA%] 45 ~ 75%F AA) FH, EAE EAY o4 4
H71E HA oA FAA R PAbE = Ho] @74, AlA
© 538 R4S, AU AZE, SAER 5= @718 E
AlA o] Q7IAE tiFA A= AlAdoltt, T3, Hio] Quf
E AT B o2 HFAA FPAstE thdA Hio]
7} ASF7](multi stage biogas digester)T= JATH49]. F=, T
Z, ojdEol 9 ANQlZ WP A theF gAko]l B, =,
Hasts, Wr)o], divt=, A2, L AEZ|ok= ik AJAHAA
= B¢ AAikgo] gt £9], 5Y2 §¢ W Hio| kA ER
E £79] 1/3& AAstL Qlo], FHY Hio|7tA A S F

AN

=5kl QITH501.

> fob



EU 3|¥=oA] vlo]@7tAE 7P Wol| A4tst= =711
52 19914d0] AR A] = S AlZFsto] 20004 o]+
T Aol L X ¥ (Renewable energy source act, EEG), A3 &
NEE Bl 7IEER 9 /7148 #H71E9] viol 2oy A] 4]
2SS Aol Hiele7tA 2 A 49 VeEgG ¢
AE| B A48 4& Fall A AlA vio| 7tASE 7|&-& AEst
L QIEs1]. Ao A ol whE A 2F A 2] 9 A & (Feed-in
Tariff, FIT) =02 WAAFGA O] gt X &0 Hlo]Q
7tA ZHE = wjd 150 ~ 3007]2] Hlo]Q7tA ZHET}
A= QA o] IHET, Hio|7tA 13} 5o tigt 7t
HUA7F =9 2009956+ =W 1,0007] o]4do] A=
oF E3 20099 7HEE(30% °1)E ARE-SHo] Bl @7k
& Aibshs A9 F7HEUA A7t ZYEHA Hlo] 9 7kA
ENEA 7IE5E S 83 A8 A J7HoFATH29].

diut3= A 300 ~ 1000 tof] Eof= i Hio] @ 7FAS)
Aol A=H o2 1900 7§7F Bastal, =7t AA A AHE
Sz EAIZFAL] 20% O]/ HIo| @7FAR thAskal }lom,
2035E7HA] EA]7EA 100%E HEO|Q7TAR HAE BHE 5}
I QeHs2]. ES, WlukaE SRR oF 10%E ouA] A
Abol| 8511 9lom 202087HA] FFEER 50%S 1oy
AR APste A HEE AL oA AF 9 T,
AP UA] 9 258 5O2 E8ol= AL FHRE Hlo|Q
7tA S8 &5 wt ot Adgd 4% HRaS Bl
AR LS okl Yot T3 dvta= A 2= 5 2of
off ‘€tAAE ZQ5to], 2030WHE B7to|A W& = o4t
ShetA 1t 30022 Y(SF 65H) 9] MlFE Faet o Aoltt
[53].

HEtE A= 203097H4] 2A47FA BlEES 19904 &
ZH] 49%, 2050W7FA] 95% #=5taL, 2050\ 7FA] AA] A
GZY 100%E A&7 oUAE 2Yst= EEHS A
Boloh Ud=t=ol= 9F 260719 Hio]|7tA EHET} Q1o
o, ¢ 4 TWhO] H}o| Q7tAE AJAketal AJ4bg Ho] @ 71A 9]
78% ol @ H A7]o| A o]- &= Qlth 2021d0f= Y
dHE %9 HO] Q. LNG 34 7Fsoto], Ho] 7t AE
Hlo] @ LNGE A& gsto] LNG SH 40 AZ=Hc} A7t 3.4
kto] BFO] 2-LNG(1,3005F 22 0]E 9] 2 o 23
7F AAbel 14.31 kt ©1/49] 8H4 CO, HIEE e 5= & 22
2 7| ETH54].

7)oz Ho] Q7MAE B AYE AYAtol= HIo] Q7FAA]
o] A Q15A](Green Power Certificates, GPC)E A|F3HH,
JATAEE A8 E G bAoA AFshe ASAY A+
A QISA R0 E A= o] St} B3], EHEE A
92 AgZFA A= GPCt L (Combined heat and
power, CHP) QIS4 Fdefo] Hatem, A 7Hset AAHS &
&ol= A8 P4t E CHPE &3l & Aot AARRIA
£ 1 MWhE 72t 17]9] GPCS} CHP QISA1E A FeTH29].
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3.4 X&7kstt 7= 2R He|get
FHR7RES eyt iRV 2 7SS tTE 5
A HRE ARSI, °F 90% o)/l 7] HlRE FA°] A
AAESAL EfH|), du] 2 PAREEH, 974 20 AlAEE
&30 Hrol7kA Aol BEH I lTh28]. -2uete] T
e B FRAH2 AT ATE 52 5 912, Eud
=9 FEHE Aee A AARE vie o] IufioflA Al
FEA F2 FESTAR, T dits), FE2A Fa
2, w2y, FEEEd 501 At EUIA 7153k AHEE
Al AAstAL Qe Bk A, FESFAlL ARSTFESEA,
AR A 22 9] E42 8oF519] Table 39 A4
SR T A= HFE F7eIA SR AR AP
ofa 9lom, HAo Hgo R E AAY aiE IS
Aol golgt Aol Ao, 7hEE ko] oot FEd
20 g Aojsts o AAZE Ak AFEY FES
T YT FE2 IHH2E mets] sfgAH 2
A #87Fs A= HEs] A%t Aol B3,
FAe BB T B TAFE At A F
o
o]

4
F

i
o [Tt}

I
on %
oo =
Mo o
H ofe 2 o9 rl

oR

-

HOZ 7FEEL o] o3t FEHRE vt oz Aol 4
et FEZTFA S EAQ A =2 YEHE=2] MINAS7F 9
. A FEEEAE B S Aoty 6 7HEARS
U JAISHE A2 FA17F FEsta, FETE o &334
ojtty, FEFSFAL vp7IA R Y E o] &g To] 9l
ot AR EAR A= AT AE Aok AEE A9 7E
of AT 4= lom, Yd=olA HAIstaL St} AFUuE
9] &4 o]go] 7Fsott 714 A= o] Astd 4= o,
A Folle Axg o7t o8& 4= AUtk ol¢k vlgt
ZU A = g7 2P EA wiEEAHA 7T At

EUY 7}5Ek A F4 o3& Saoto] oh3at 22 Al
AL EE6th A AR 7HEER Ags 9l 57 E
£ 2o &9 FHo] LYtozE A5 ojEe EAR
EU9 A% 59 A99 543 Y 9 (-3 7hE P =
TABE Stk B3, 7SR LR Qg Q HREIFS A|osty
A3 EUF7HE2 7HARS 28 Aldohs US KA
o2 AAoty et FAH R FAHHT AASFFE AH
AgstAY, 9] dAY Axd 5 Qe SRR HEAgR
(B4-Q)& FFAISHL QUTk(Table 2). &3, B EU S7Fe2
Y] FESLAY A AE S AESEE st e, 53]
W7)of, diut3, YA FEZIA = RS B
Ftoto] 571] HIEARE-S A3 5HA BAskaL ot o] Hgk A
of H|ZFo] ¥ f jutet B3t FUE 5 FAFsT o
Exg A9 AP GA oA 2] kit A FIH
Fo] o] ZHE Al &9, olF Alx 9 5 thHe] A
o] "W ag Ao AL HTH55].

F HAR 7|29 7tk Al - Husto A A
Y7+t Y-S o]85t= Hiol @ kA A4l Srfj o] S=Aol.
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Table 3. Comparison of policy characteristics in livestock manure treatment

Regulation Livestock breedin;
Concentration Nutrient total amount Total number of livestock . . &
rights trading
Category
A t of fertili d+ Total ber of livestock
Target Effluent quality fmount of fertiitzer use o'l umber of frvestoe Total number of livestock
manure generated (amount of manure generated)
Establishment of supply
reduction plan in case the Set regional total unit, Recognition of
Characteristic Universal standards total supply of nutrients individual cuts are person-to-person
in the region exceeds the allocated where necessary transactions
demand for nutrients
. . . Efficient availability of
Economic L Distortion of resource .
. Least cost Competition limited . resource allocation, but
impact allocation ..
additional costs
. Achieving environmental Achieving environmental Achieving environmental
Merit Easy to execute . . .
purpose effectively purpose effectively purpose effectively
Price competitiveness
hi li Difficul
Demerit LTnsure to achieve Monitoring difficulties Monitoring difficulties dec 1n.es,. iheulty
environmental purpose abolishing after
executing
Oversea case Most of countries MINAS of Netherlands Belgium Netherlands
Data from [44]
2022 7|20 8 U F 7HSEk AHEF 67.5%= F 250 15
H3}, 16.2%< AH|et HHg Sl Blaz Z&HL oy ]
(6], FW MEAAS $8F AAWA] A&How gas 20
©
F =
AL, A4 9l QIAke] FEAI7F OECD =71 2 191(20204 7 Z
O
2=, 229.91 kg-N/ha, 45.90 kg-P/ha, Figure 5)& EX| 9] F.ojoF § 150 1 -
SF ZAI7F AAHH56]. HH|Q] A%, FE v7] HE| 8 s
42 Qe AR AY] ARo R wHTlo) Ay AY §F g 1]
23} BA7} 9hEE £ 9lo] ofu|E Riot HlEslo] 4220 £
z
2 U AR QrHis). w59, ydgheet ol ok
sol o haste] $8-9 2T 4 Uk 27H AV14 B H ﬂ 100
A Mo] WQs 0 -
s 2ol G gsirt. \(\o@ \(\6 \$ 5 Q‘Q S @@‘9 R (\a&bd\\(\ﬁ
AAZ AR FU AR GA SRS Pejshs 5 I
4] o] sttt B0l BT Ldsks A5E
- 50
k2FolM HES TSt 5L dntas AR EA] 10)
oA &elste, 78S A Mt E3, UdH= — a0
E Aast 919 99 % vzl B oA AxgAEh £ ]
Y 9 SRRl S SR TSR o] At g .
[ 4
o % 28548 =3t i, § |
IS JH TYYE DA0R B Ao %
g ]
FOoRE I VEER B Ake o5 FoE AoR 2
s, FEFTA, *Hﬁ%%kxﬂ, A AR A 2 £ 101
M 2] A9 2 o] AgE T FH] s ]
AYAR GRS S EFUE] HFH Foist Wash E )
3k X &7H55t AL QJ8)A] Hlo]| @ 7FA A| AT} e AL < S @ o
& A4 }—o 241902 9314 vlol @72 1 47} e Al JRE e S cp«i“ e

AR B

1A o EAS

o9} 394 5

5H756P°% g2 o]

Figure 5. The nutrient balance of top 10 countries in OECD.
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7Vl A2s =7Hd AdY Hr7lE AREAR M
AEA Y] EQF @9, FHEART ofy e HH Yo
A Ao g & shHo] §UEo] Ao E Fgdst
£ 2% 5 At

U= 7HEARS 5713 AR 7o AR
0] WE 75k AT F7FekAL 9o, 7HEE ke X
Aol A AL Hdacta A7FA R S/ Ao
2 ARttt 53], 7k F APEolA 7MY E Hlss &
AsH= EHSFA A (63.1%, 20224 7153 FekA ], 181
2021 thH] 2022E0] 64.2%4 thE S71E HH|SFA] o] A]
O RL 7IE5EE AP 7|of&o] H& F7HE AR HYH
th oA ¥ 7tk A5 H|Fo] oAl AIRE, H U
H 52t 8% AAHAHY &HA T4 E EX RPL3st
A Y 922 7ME5E R AUA|EQl Hio] QufjA-Hlo] @7}
271 AR dA|, 2AVEA WEH A4 9 A APy
A AYate] Bgtoto] Agkh w440 1A o R A A
=2 9tk §H9 A9, EUs|Y=9] sAA- A E Y3 =7}
H Qo= fAISkL glom, QA v 59| AR St
AlZrol Aol whet HA ZetE 1 et s AR HASHA|
A= FAloltt. olof wet 7|29 75k A E-H
H| 3ol A Y753t A o]-8-5H= Hiol @7FA BARS &
otz Aol ESE, FE7|F B AR EA oA A
o Q19 §91 4 o) 3t FA AAR(HAESH =Y H
HEER2YPE ot HEERE E&F0= Fsty
Utk EUY 7H5i ] AA" S 22 AeE 1o 45
Ao g Q7] s AFAAEA| et sE=FH9 A=
Q1 Hof7} "ot 2 oA RARE EUY 7hEE
TS AT vio] @ 7kA AHY] TFE FE SUl TS ER
A St tHlet AdS SHT wof 7] Ao = 7]
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