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ABSTRACT

Environmental impact of livestock industry: Analysis and
Policy tasks

Background and Purpose

O Livestock farming has consistently grown by increasing productivity
and saving costs. However, problems it causes, such as water
contamination, nasty smell, and greenhouse gas emissions, have
limited its growth and triggered social conflicts. To make sustainable
growth, it needs to enhance competitiveness and shift to an industry in
harmony with the environment. This study aims to identify policy
tasks for livestock framing’s sustainable growth in balance with the
environment by analyzing its impacts and looking comprehensively

into the national and foreign states of livestock environment policies.

Research Methodology

O This study uses the Ministry of Environment‘s environmental
statistics and reports to understand related issues and regulations. It
looks at regulations, such as the Act on the Management and Use of
Livestock Excreta. This research surveys livestock farmers and the
general public to inspect stakeholders’ awareness of environmental
issues and regulations. It also draws up livestock-the environment
linkage tables and conducts related analyses to check livestock
farming’s impacts. Moreover, this research implements a life-cycle

assessment (LCA), to examine the impacts of changes in breeding

ix



management and productivity improvement.

O Finally, this study tries to identify sustainable development directions
and policy tasks by gathering opinions through various meetings, such
as the discussion co-hosted by KREI and the Presidential Committee
on Agriculture, Fisheries, and Rural Policy, the seminar between
KREI and the Livestock Science Academy of the Rural Development

Administration, and the internal session for achievement review.

Key Findings

O Livestock production‘s share in the total agricultural production
increased from 38.2% (KRW17.491 trillion) in 2010 to 39.8% (KRW
19.771 trillion) in 2019. Livestock farmers’ average income expanded
by 78.9% from KRW 42.18 million to KRW 75.47 million during the
same period. Most of the livestock manure generated during the
period was converted into compost and liquefied fertilizers. However,
environmental problems generated through the conversion, such as
nasty smell, soil’s extra nourishment, water contamination, and
greenhouse gas emissions, triggered regulatory restrictions and

consequently limited the growth of livestock farming.

O The government‘s livestock environmental policy shifted directions
from release after purification to recycling after the establishment of
the Act on the Management and Use of Livestock Excreta (afterward,

the Livestock Excreta Act) in 2006. The government implemented



various measures to reduce livestock’s environmental impacts, such as
the natural circulation farming plan (2006) and the comprehensive
plan for sustainable, eco-friendly livestock farming (2014). The
analysis of various regulations for livestock farming established by the
Ministry of Agriculture, Fisheries, and Rural Affairs (MAFRA) and
the Ministry of Environment discovered that the breeding area per
animal differed between the Livestock Industry Act and the Livestock
Excreta Act. Also, the allowable range of heavy metals in the compost
and liquefied manure process was different between the Fertilizer
Control Act and the Livestock Excreta Act. The two Ministries
operated different livestock manure management programs, indicating

that manure management was not in a uniform manner.

The survey of awareness on environmental issues showed that the
general public was concerned about livestock’s impacts. However,
there was a gap in understanding between the public and livestock
farmers, as the latter did not recognize the importance of livestock’s
environmental influences. Farmers were not satisfied with the
government’s regulations and policies to reduce livestock farming’s
environmental impacts. The result showed that the government should
enhance training and consulting programs to improve their attitude
toward environmental issues and understand its policy directions. 8§71
people who experienced nasty smells from livestock said they were
very unpleasant with the odor. 45.3% of respondents from the
livestock industry expressed their intention to bear costs to reduce the

foul odor.

xXi



O According to the review on overseas policies for livestock farming,

xii

the European Union allows 170kg of nitrogen per hectare, following
the nitrate guidelines to manage soil and water pollution. It also
mandates setting a period of prohibiting fertilization and installing
manure storage facilities to prevent non-point contamination. It also
supports biogas production to respond to greenhouse gas emissions
caused by cattle manure. In particular, many EU nations execute
feed-in tariffs to encourage the private sector to produce biogas. To
respond to stink from livestock farming, they prohibit setting up stock
farming facilities within a certain distance from densely populated

arcas.

The analysis of livestock farming’s environmental impacts based on
environmental industry-related tables showed that the greenhouse gas
emissions caused by cattle farming amounted to 9.51 million tons, and
the ratio of greenhouse gas costs from the entire livestock industry
was 1.1%. The Hanwoo (Korean native beef) industry generated an
immense amount of greenhouse gases (4.94 million tons). Also, the
ammonia emissions from the industry amounted to 232,000 tons, and
the cost ratio of the foul odor took 3.2~3.8% of the total industrial
production. The pig industry took the most significant ammonia

emissions with 46.1%.

The life-cycle assessment to understand breeding management’s

impacts on the environment showed that greenhouse gas emissions



(converted to CO,) would decrease to 237.3kg per Hanwoo bullock if
its shipment advanced from 30 months to 28 months. In addition, if
the time of the first pregnancy was advanced from 18 months to 16
months, greenhouse gas emissions would fall to 787.7kg per cow.
Moreover, it was calculated that if the number of marketed pigs per
sow per year (MSY) rose from 17.9 to 25—the level of European
countries, the greenhouse gas emitted from the pig industry would
reduce by 94,000 tons due to the decrease in the number of sows

against pork needed for consumption.

O The result of the life-cycle assessment showed that better productivity
in the pig industry would generate significant economic benefits from
reduced greenhouse gas emissions and saved feed costs. For cows, the
shortened breeding period and extended calving period would keep
production costs in line with the reduction of greenhouse gas
emissions and savings in feeding and depreciation costs. However,
although the shortened fattening period for Hanwoo would contribute
to decreasing greenhouse gas emissions, losses could occur due to
decreases in meat quality and dressed weight. To reduce carbon
emissions by shortening the breeding period, the government should

prepare measures to make up for such losses.

Policy Suggestions

O Although the livestock industry has grown substantially, it needs to

focus on progress in quality amid enhanced restrictions due to
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environmental issues it has caused. It will be able to achieve
sustainable growth when it reduces negative influences and secures a
positive image. Therefore, the industry should respond actively to
related regulations for progress down the road and raise sustainability

by introducing advanced technologies.

First of all, regulatory platforms need to be improved for the reduction
of livestock farming’s environmental impacts. In line with the
Malodor Prevention Act enacted by the Ministry of Environment,
MAFRA’s Livestock Industry Act should specify facilities and
substances to decrease livestock malodor. Moreover, the government
needs to include such facilities in its investment and loan programs to
modernize livestock facilities. The two Ministries have to adjust the
allowable range of heavy metals in the compost and liquefied manure
process. Moreover, they need to unify or integrate the livestock

manure management system, which is currently operated differently.

The livestock industry should strengthen technology development and
spread newly-devised skills to respond to regulatory regimes. It is
necessary to develop malodor reduction technologies to fix the
problem and purifying technologies to respond to enhanced
regulations on effluent standards. Also, the best available techniques
(BAT) need to be developed for the application of developed skills.
Training and consulting programs should be in place to raise farmers*
awareness of environmental issues. It is necessary to set up a local

governance system in which livestock farmers and other stakeholders



understand environmental problems as costs and participate in

resolving those issues.

The livestock industry needs to respond actively to regulations and
advance its production system for sustainable progress. For the goal,
the livestock circulation system through manure recycling should
shift the focus from livestock farmers to general farmers—the users of
recycled manure. The government should set up a compost and
liquefied fertilizer production system customized for farmers based
on thorough soil tests and component analysis. It also has to prepare
an efficient distribution program in consideration of land capacities.
Smart livestock technologies using high-tech ICT methods are
inevitable for the industry’s advancement. Developing successful
smart ICT-based livestock complexes is an essential task to resolve
environmental and quarantine problems the industry faces and help it

become a driver for local growth.

Lastly, technologies for low-methane breeding management should
be developed to reduce greenhouse gas emissions and differentiated
markets formed for low-carbon livestock products. There should be
research to determine an optimal time for livestock shipping in
consideration of costs and environmental impacts to reduce the
fattening period to decrease greenhouse gas emissions. Also, the
development and spread of low-methane feeds are essential. Feed
mixing skills should be upgraded to maintain productivity while

reducing gas emissions. If low-carbon production is costly or brings

XV



about losses, the government needs to prepare loss compensation
plans such as direct payment schemes to increase low-carbon
livestock farming and introduce a certification system for low-carbon

products.

A more proactive response - to greenhouse gas emissions is to convert
the gases into energy. Economic feasibility is a vital factor in
expanding renewable energy production in the livestock sector.
Therefore, the government should examine ways to raise the weight
of the Renewable Energy Certificates (RECs) in the Renewable
Portfolio Standard (RPS), which is currently in operation, and

introduce feed-in tariffs.

Researchers: Jeong Minkook, Lee Yonggeon, Choe Jinyong
Research period: 2021. 1. ~2021. 10.
E-mail address: mkjeong@krei.re.kr
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2017 22,851 6,112 26.7
2018 32,452 6,705 20.7
2019 40,854 12,631 30.9

A AR B AE (http://stat.me.go.kr, A Y: 2021. 1. 24.); ZEZ7WAE (https://www.open-
girok.or.kr/4960, HAY: 2021. 11. 16.).

SAterF] Rldo] HiRt AAA O] A2 RA S 2 A e = Eube A o= UE
W HA A E SAH L= SAMRI ] tig A2 @%t2 AR, A
g it Al HSZ 2020 7] 92.6%°]™, Aoy e & i} B[S
7.3%0] E3}stct.

H1

(E 2-4) Z4otF| T 2 3 X2| SHRHQHGAl AL, 2020 10 7|F)

!
o = STE A7 DI TY g 2| $ig
a x| &-22| h A gt | IR | AR A

2015 50 73 19 18 160 6 6 148 160
2016 84 98 23 3 208 23 1 184 208
2017 107 132 20 29 288 20 21 247 288
2018 92 127 14 13 246 15 5 226 246
2019 145 123 31 10 309 1" 9 289 309
2020 97 108 12 2 219 9 7 203 219

bR FEEAAIE(2020. 11. 19.). “S7FoR= 4 oFF W9, s AW (http://www. aflnews. co.kr/news/
articleView. html?idxno=204476, AMY: 2021. 1. 23.).

8) =/ tHEH B MH(https://www.law.go.kr/main.html, AMY: 2021. 6. 3.).
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2.2. SARE AV vl E

G304 S

oo

F7h LAk v

7FAE 19904 3009k

=9]

g A vEEHE =4

£

371

LSS
R

%=0H(1990~2018W) -] AA| Q] LA 7}A uj
2,120t EC 2 F W= glov sy RHes
BEEok= AHl WA AR 2AVEA &0 A
7hotint. 7159
A 2018 4509 E0 2 Z7}519] 0™

A5 717E 280 £ A 4904 &

Ul Z=m

=T

b

£oz Fshact

2,1005+ E-of 4]

H 2-5) 5% SARE 2M7IA HE 38
9 9Tk E(CO; eq.)
=2 1990 2000 2010 2016 2017 2018 SUE(18/90)
P =) 3.0 34 4.3 4.3 4.4 45 51.0%
&2 2.8 3.9 438 45 4.7 4.9 73.5%
= DAL 10.5 8.9 7.8 6.7 6.5 6.3 -40.2%
=AXEY 4.6 5.2 5.2 5.2 5.3 5.5 18.8%
RS T2 0.03 0.02 0.02 0.02 0.01 0.01 -45.5%
SYHA| 21.0 | 214 | 221 208 | 21.0 | 212 1.0%
A7 SR LA7EAZESY BATE(2020: 6). 72020 F7H2A7FARJIWE] B 1A,
2.3. EQF9| E]-HH] FEZ3}

SAA WA HAR 7SR B -AH]| 9] A WA o] ZhAstal 911, 7|EL] &
AAN e FEHFJLE F7HHRI E-HH|E A atot= o eHAof At Aol
o 7HEE 0] 5] ou| o} shate| ol o8] FFEE A, 1 5O Tt FFoR
QF QFio] 23k8 AFefoltt. I 2](2015)0] wt2 F 2] OECD =
7} & 9eUEt 7P A deRdm glom, Bore] fE(d 4, o) 27482 1
ot 134.5% $=ZFo]|t}.

S uetol A FEFEES A9 depd et AlFrolH, YA A 92 FE=

H2E =4

SHAZHRL 1A Fg | 21



(E 2-6) 22|L{2} X[YE A2+X| 24 2t
- A= ET2H(kg/ha) USRS (%)
h A oAt ] HA oIt A
471z 2421 173.0 415.0 233.5 314.4 2741
HEE 150.1 80.2 230.4 125.8 142.5 134.2
SHEL 164.9 92.5 257.4 167.1 175.3 171.2
SHHEE 155.1 80.7 235.8 147.9 142.9 145.4
HeEE 169.9 78.1 248.0 154.6 120.3 137.5
HeteE 107.3 33.9 141.2 87.4 50.0 68.7
ZHEE 144.9 91.0 235.9 142.6 172.1 157.4
FaEE 83.8 48.6 132.3 68.6 78.3 73.4
HZ 77.4 425 119.9 51.8 459 48.9

B 143.9 80.0 224.0 131.0 138.0 134.5

A2 237 92015 92). THEEA EUYE A,

22 |



(H 2-7) LEYE HSHo12H(2018E 7|&F)
&9 kg/d, (%)

T2 | "HE | A=A ArdA EX[A SAA| UM | OHERA A
o 255,418 | 22,260 5,731 4411 | 47,073 115 | 335,010
= (76.2) (6.6) (1.7) (13| a4an| (0 (100.0)
80D | 41,204 639 | 275,276 | 383,442 0 37 | 700,599
= (5.9) .1 (39.3) (54.7) 00| (0.0 (100.0)
sy | 296622 | 22899 | 281 ,008 | 387,854 | 47,073 152 | 1035609
= (28.6) (2.2) (27.1) (37.5) @45 | (00 (100.0)
. 14,048 2,091 717 1,050 | 2473 11 20,392
= (68.9) (10.3) (3.5) G| (12.1) 0.1) (100.0)
T | upm 1,150 40 | 25601 | 25918 0 2 52,713
= (2.2) 0.1) (48.6) (49.2) (0.0) (0.0) (100.0)
- 15,198 2131 | 26319 | 26,968 | 2473 13 73,106
= (20.8) (2.9 (3.6) (36.9) (3.4) (0.0) (100.0)

AR JAR - FHEFAER 5 TARA 620200 7). "M3xH2021~2025) 352 HH A9

H 2-8) 7t5&k HIEAIY E8FH Z1K2015~20184)

SR
o1 By | ot | qug -

BE D Nme | s | (e | BB | WO | ey w3t
7|1 =1t | OXY 29 ojoj

2015 2,303 247 10.7 3 43 90 43 78

2016 1,587 179 1.3 8 10 75 40 48

2017 3,075 329 10.7 18 35 146 66 77

(Egljgl) 1,406 122 8.7 14 3 76 10 8

A AR ozt EAE; 9HZ 9(2018: 125).
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o] o) W ol 8] Bk W18 VAR, ABRCISA

o W54 587122 B AP |

N
19
&
==
ES
=
o
[\
S
[\
=
N
[\)
=
=2
rlr
oK
ol

20204 22 A FHEEL AW ol oot ot 5 g 8

o] & o At A AL B 7hS 2 A 2| QA7 A A[RE oA o
T 712 7122 AM) 2 QI(P) 710 Bote] S/7HATHTOC) 7|
FOol AEAl =R = AT W AV 0N SH7RET 7SS T3 A A
A3 7152 A B AAF A 2| Al B E BT 55mg O] 5to| .

E 2-9) SSXNAE X IIEE X2 PR K] Yo 2o R4 2ETIE

¥s | uEsE | AN | BR7) | ¥R | oon | zma | 2o
LAY | UAQFZ | EAF | SF | Ton (TN, ma/UIT=P, no/L)

T (BOD, ng/L)| (COD, mg/L) (TOC, ng/LXSS, mg/L. ' "

S342ME | 300/5F | 500[8F | 5505t | 300[at | 3,000 0I5t | 60 0I5t | 8 O[5t

7152
PPN DS EINES|
= 3 A& HHCOD, mg/L) 7182 2023 1€145H 44|
Az Z7PHHARBAE (https://www.law.go.kr/LSW/main.html, AL 2021. 3. 3.).

30 0/a} 50 0|5t 55 0let | 30 0Jst | 3,000 Olat | 60 Olst | 8 Olat

24P 7] M2 A OIS %871 RARHTOC) 7120] A8A ==
R7RAHTOC) 7152 448 BEAY 5 EFAG s)7kh4) 57he] A4S
2 E5 120mg o] sho] e, ATThA} 57k] S 2 Ee 200mg o]sfelch. 444l
=470 obd 7|et YRIA| G| A2(TN) HE7| 2% 57h 4

% 2 Eg 500mg ©[ 5t A 250mg ©J k2 o & 7F o= At



= SI7tChA HHEAIMES MX[SH AMICHA HEEAIMS MRS
Xy 2= 17t AR5 &2{AM X7t Mx|gt M2|A[-

MEsISHY MAQTZHBOD, mg/L) 40 0|5t 120 0|5}
=x ER7|HAZTOC, mg/L) 120 O[5} 200 0|5t
x| $ SEI2KSS, mg/L) 40 0|5t 120 O[5}
SEAT-N, mg/L) 120 015} 250 05}
Z0I(T-P, mg/L) 40 0|5} 100 O[5}
ME3IeH MAQTZHBOD, mg/L) 120 O[5} 150 O[5t
ZQU|EtAZHTOC, mg/L) 200 Ot 250 0|5t
;E SEREFHSS, ng/L) 120 0|5} 150 O[5}
EZA(T-N, mg/L) 250 Ola} 400 0[5}
ZOI(T-P, mg/L) 100 O[5} 100 O[3}

Am: 27PHEAARBAE (https://www.law.go.kr/LSW/main.html, #AY: 2021. 3. 3.).

B ASIEAG-A 280 e e 40712 S Surste] YR

A RS RIReth FRAAA, SRR 2 A

571 iE A SolA g 547

e, AT A 57t A ol &
olte] she 7t RabEltt. Wi 4271% giute] et AR A AL 5

A% 3 90 of3] WA o] 9lc. W ul

2ol whe} 2|2 FO4L Aol st

B
Lo
4
e
N
AN
e
=
off
4 F
FN
A=)

©)

3.2. §-quigle] Bk 7|E 43t

TEEolu| sl )% B AR Y1 SO B TA@ARD
2015.7. 17,)0] T8 20204 39 252 E 5}-ofu] A 40] Bu|} ou]o] cfs
AT 70| A EHR, REE £ S FE0k 5 ]S 5% 5 gk A

8 7152 WlE A4 FA 0 o] uet Afolshet. 1,500mt o4 &A1 L]
24K 7h0] BEls 54557 T Rk A elok S5 s ah, 1,500 vk
2 R4%7]0jok 9B /P58 /R 4Rk A3 welsh A

H2% St SHAZKQL 18| 315 | 25



o] HHl =+
‘FEf o oF =

537] B B4R A olof &

E7M551, 20199 39 25 o] % B E ZFA3IA] Aof| A

F7Hs et ofu o] 9
857

ST

e,

g7t = ou]o] $2] 5 B4 0 B WH|3H7] 99 20149 TSR
%2 gste] Eu]olu|s) 2 ALSIATH FHE B, A1329]2). =]
o} ol u] 2 24 FA0] HgHslof 510, <X 2-11>9] 7122 Z24a]of Tt
=julo} o] o] B&w9) B 7| 2L SR MR SR F Raw 7|2
Soll Tt TA] (B FILA] 2018-1153 )04 5}l o, <3 2-12>9} Zt}.

(& 2-11) EH| & 4|3} 7=

E|H[g} 7|= oH[s} 71E
5z | a2 Iz 53| g= =
g | HEFS SUBAAES Y| e | BERY SEEMES IOl 3
TE | T | So|2 Hst TA| 7|R0) HEre A T St Mot DA 7|Z=01 MefE A
=
[EEs= 70% O[at gix| | S8 | iRl 95% Olat, KA 93% O
T2 500mg/kg Ol5t xa | B2 2.0% Olat
=Y - > .
Of¢H 1,200mg/ kg 0|5} T2 70mg/kg OS5t
AFA | g 2.5% 0[5} Ofet 170mg/kg O[3t
A& F7PHE A EAE (https://www.law.go.kr/LSW/main.html, A4 Y: 2021. 3. 3.).
(E 2-12) E[H| ¥ AH|Q| B Ty J|=
EH| Bak 7|F oH|g} 7 |=
£HIE}
=] =L - = =] TIHIX BAH
:|'le_- =|—|(COMMe 100) (Solvita) :rLﬂ_‘ |7:"—| e =
Ol | 20| 7{O] RISHE|X| 042 ALl 1 0)f= | 20| A9 FIRNEX| 042 2
HA
Lo | esol s 27 2
] HA 7|7|-0|2.<_|:.|11|03|—MEH 3 82s HA 7|7}0|2.<_|:-|J:L|06})¢E|-|
]
L5 | Ebiel ms0 A Bl M| 46
R= o = - il oliH|o] HAQ| 2t =l
oz E[H|Q| 220| AR E 7~8 o= HH|9| 20| = E
Az Z7PRY A BAE (https://www.law.go.kr/LSW/main. html, ZAY: 2021. 3. 3.).
9) “ElH|, dH|2| =Tt ElH|, |3} WS AKX AS0 EL0| st FYXQI BrES LIEHH 23" (8t

AETA 20181153 K2%)
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VR AS3EA 1 G-A23] Hel =] © ofu]e] o] Eu]ofu|s}
120] @] obUjat A4S Hu]-Au|5}A| Mo 8] Fej =} RE T 2R
14, A& B A2 4R, S 7 A A S04 ARG B-ou] 7} Eu] ofu| 5]
0] GX] ohj gt A9 104t € o]she] Te m Hahe|n, Al el Ao A A2
=)o) 7} =] 1] 9w 5} 7] 0] wEA] ofL]3 79 5008k € o] 5}o] Thefj @7} 3
ERRDEEERLERERE R R ARRE PR AL R S
257} Eu|ou|sl7] 2o AakalA] S A9 2009 9 o]5te] Tz} Rl
o, Al TR Ao A AL - ofu] o] 2t} Eu] ofu|517] 2o Al
12 79 1009 € o] 5to] e =7} R,

N

>~

=

~

)
U

L=,

g M o

3.3. 7HEAS Al 712 33

S AL AR B BH B e 4 A 95t 715
AH5-9] Agto] W g ot QI Bl A Aol thel] s AR A 2 &2 45
+ ol mhe} W7 S A7 - 2AI5te] 7450 AR AR 4= ik
(H 2-13) TSR, 0N TSI U TEEAS KIS
T ENER LT
MEBIZO| HSTt
siren gl R MEE
2. 448 BET(TEY, H7E), SEURMKISY(BZPR |2, H38E), 1 9ol
AZI5174 HHO| |0 =ot= +~E2H E’S Loxy
ERSAA | 3 sy, YSY, 3, MY HRIZ A BRARIS|(EY M4 SN 2 FOIXI
Sof BBt e, FAZ, (U5 2| U FOIKIY SU| Ut ©E, HAZ S)
BAIIES | 4 ME Y QIZRIZ0N DRI U T2, IS TYOR N B IR ZatE 7|F
A3 K|} S BOR||(BATH |2, H12F)

A5 FhEEE S B A A,

H2 MY 8

Mot  8g | 27
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A= AGAAGA S TR Ao wheh A2 E At 7
A ozRE AT A= ol A Hof| 7h52] A2 AlRbekaL ot Al-
TR A AL} A 7120l Dk, ROl ARA 29 AT ZAHES
EAISH 20119 99 7I5ARS Al A4 71E A1k vhssto] AASHE
o 121312015 3 SF R SHSAAET ez AR o 23 A4 &
Fit o FEht S 2 E EUE A EH 7HEAR AR A 71E2 Akl

FRE 7EAS ASE AR AN 5 AL o] whet 2 e
L FAYFYA GO ZRE 50~70m, A4 75~110m, A= 400~1,000m, L]

I 7FFFE 250~650mo] Tk g FIES AHALAHA] 2 oA 2G5
T ET thA §5hE 2o Th<A 2-14>.

RUR )

I

B 2-14) ZHURXGOZLE A A3 72|

_ $t748 A0 X(Eli‘ll 1112;3:;5:* HE SHE HTIOH
:_z_ = O (=t _ 2|_ = E
(2011.9.) 2015, 3) (72 13, 2015. 3)
sige {00 60~500m 4005 Oj2t 50m
- (200m) 4005 O} 70m
. — 100~1,000m 400 Dt /5m
- (250m) 4005 014 110m
1,0005 D|2t 400m
50~2,000m
' ~3,000 0/t
=N 500m (500m) 1,000~3,000% 0| 700m
3,000 OJ4 1,000m
20t &= 0|2k 250m
o 200~2,000m T ——
31" QE| 500m (500m) 2|_ 5|_ T ||_ 450m
50t 4 O} 650m
2 9% ATeke] FAUYA 2] 71 HATSIE 5~1058 71202 5 12T AT U ool 715
R SI8 U A ST old) B o2l 202 ol
R BHR015, 3. 30). A FAEAE AT 26 A7 Bl Ak
AR G2 7ISANS AlgE 7 HAREE ARkl o AR A AR A



oh 3o AHE Avnd G149 3R 49 FALYAGoRy
2,000m o] oA AHRE 4 Q=S T Yk A4
o AL ARFATE T AHAGTA 02 o] A gL
AGTLONA 752 KT 4 Q=S FHT Ack. ol 2T T S4Y
Mz 7 Gokand sk Aol A 9 st A FA7 53 9

rlo

%

>

:

g
mlo E & _m

(H 2-15) 7IZAS Mgt (Y 2| MAZ )
= MR AThRER
1. 20| 72 2 0|80 BRH S, H6EOl T | o BUSAITAS Mt 79 5 012 Fe 2|
0] Ofet EAPIRSH U A S5 | 2PRNOZRE S| DI 2 S
Rt | ARBUKISSX KM B ARERAR | 2P7H0Rfel A2 ojLel 3
29 | 2. 20| A2 2 020 2 HE, HIE | - A-2-2AD| 29 300m
of T ot F=ARIT - M- 2@ 5 A% E3: 400m

- HX|- & 22| -Hix2]-7He] Z<2: 2,000m

A& F7PHE A EAE (https://www.law.go.kr/LSW/main.html, ZA4Y: 2021. 3. 3.).

3.4. 5419 S7HA £

2013 2€ 23U RH 41 S7HAI7F A= AL k. FAMG S H G5t} of
= A= TR AMAAGA o] Alalshs AL & 7HESk o U 57 =YY o] % A
AR Ao A HEEA] 51715 dhotof gttt TEAMY | A2 %0 A= S5, 73t

78S 5 HUY S Aot AL Y o2 Hohe vl vt o

2
A BASH A 424745 517H2 Wrolof ik AL itk
SA192 A AFIA SH= A7E ARA 2 E 3715 7] e 5 A2
2o A B R 2 HSHe S AH] 52 Z3olok s, 5 A33x0]
oA AT LETYE o530k Sk ZAkY S7H EAL A B gH|S
2% ZAA 01N AHT TES We H4Hs 7L B4 L AGFES Sh Y
B 20] gtk 2419 B71E HE5] A% 24T R DS A 24412

o)
=
9,
ol
A
2
ot
o,
=
Ho
>
o)
Mo
(9%}
>
)
o,
I

>
S
o)l
BN
F-t
lg
HE

Mot H $1g | 29



59 WA A $A12 % DI 1007} ook 1o, A2 3
9 5w7h S s olof Ack. W SSE YA Y A9 vhelF w7} S lojo} 5
o, ARAY A9 Suizk SFRlolof Gk T2l T & SobE S Fehet B

A=
N
;E
roh
Ho
o
(o]
=)
O
L
)
o
>
EE
ue)
)
Mo n
A
R
(o]
1
['U_u
é“.:
_EL
1
_[L
it
_\‘,L
ok

H 2-16) 3= ETAHE 0121 HY AsAE BH

=9 /5
A2 H AR HIg2 SOx|
YA 10.0 7.0 2.5
AFA 5.0 5.0 25

F A SAF Y SR EFR)ONA AE ttEE AREA E0A] ARSSRE W40, ARl S utE Y #
A} 7FFo] ARSsh= 4]
Am: F7PHH AR (https://www.law.go.kr/LSW/main.html, #AY: 2021. 3. 3.).

A0l nheg A4 ALS WAL B890h TR 2410 A4 Fejo] w
o ohEet. Z0-9 2 WAY 59 vk 16507 Shasojof shuf, 474
U 39 8.4n7} SEolo} Atk Aa FASE EA Fehoh BAG] vkl
6.4ni7} B 5] olof k. Bl SolA & &4} Weet A glo] vkl 4.3m7} 8
Hjojof g,

b

ol
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(B 2-17) R4 NUEVIE 02/ M ARRAIY B

=l
A el & END 5o i
see | ase (612742 Dl |(3-67H2E nizh
2 Al 16.5 13.5 10.8 6.4 43
Azl 8.4 8.4 8.4 6.4 43
O2|AE Hh 8.3 8.3 8.3 6.4 4.3

T ZYAE Aol 2 Z{-9-8 8ol A0 R, AR B AH € FAE AREA E 5 xS

ARSohE 4]l
A F7PHY A BAE (https://www.law.go.kr/LSW/main. html, A Y: 2021. 3. 3.).

HA12) vlelg 1 AL WA S9RAE 2 A9 A= el 94
JA =2 0 147} SHHE E]ofof 5, Hl5=2 0.8’ 7} FH E|ofof gir}. 11
2 3 7| =) A= mh T 0.2~0.34 1 7} SF 1 =] o] of JFTh<3E 2-18>. HjA| A FH
I} A3 518 B0 S SUAAY AL 5 0.79m7} 2k 5l ofof o<
2-19>.

E 2-18) =iX| SYHAE 01218 MY AlsAld B

9
HAE HISE
7= | SE zo MIEHX]
AME | oK o sHE SYE= HISE
1= =7| | &7
ORRIY EX| 6.0 | 1.4 | 3.9 |1.4AS), 2.6(ZAKEE) | 2.3(ZAN | 0.2 | 0.3 | 045 | 0.8

Az Z7PHHARBAE (https://www.law.go.kr/LSW/main.html, AL 2021. 3. 3.).

(E 2-19) HiX| 2 HEHE OF2|E MY AlsAlE B

xy
B9k w/F

S A1 HAZE-2 | HSFE | HSZY-2

=Ees (A~ E2) | (HA-BE-T) | (W-HS) (Hl2)

0.79 2.42 0.90 0.62 0.73

Am: 27PHEABAE (https://www.law.go.kr/LSW/main.html, #AY: 2021. 3. 3.).
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AVRHA 9] vel g A ARE WAL FAte] A4 Pefo] mref thect. AleA o)
AN A0I A AL A9 vkl T 0.075mi7} S Eofof hel, WARY A% i
oute] o]shz AHgE|ofof gt} o)1 Atek 47 AL Aol A ALY AL
ohe] g 0.025m7} 2 | ofo gt

S AR} TR 2 AALY] Feel whet nheld 21 ARS WA o] o)
2t} 877} Aol x| A A4 AHLE S thel S 0.046m7} B3 Eojof 3w, 7
AN 79 1 33-36kg o1 5] LA7E ALgH o]k Gt

(E 2-20) LH2 2 SA2 HH AFAIY HEY

7= Al el HH H|x
AOIX] 0.075m/0t2]
SA A
A ont2|/mt
Mt 8A Z0IX| 0.025m¢/0}2] 100K AR
SEEE)AM 3%g/m
dHE7| 36kg/m’
7 THEAIAL -
Xzt 33kg/mt
O[] 0.046m/0f2|

Am: 27PHEAARBAE (https://www.law.go.kr/LSW/main.html, #AY: 2021. 3. 3.).
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SHEEE= 19914 3¢Y Fo-Eir Wl ZAM=0] X 2]of T3t FHE(0]s} Q&
)10 A oto] TS H A 3 TH 7| S8 § | 0.2 o| Ysts 7158k A g
A9 AR 8-S DA 7] 2L AT A A RS 5HF 2ot 7|E& 7

skatact. 223 A e TREH | /1A (1993. 12., 1997. 3., 1999. 2.
T 9 S b A TS BheF 29 tko] 7|22 8kt ghol Yok A
o R 5 7HE AL el EREHA .0, 20004 R
4 A9 AR AN PR 507120 DEN)S AP)Y FF 1%

1
2 Hg3p] ARt

ll?l'.
mlo
of
%
2o

10) "SHEEMY 2 19779 128 MEEJACH, 1991 "edF M |2Y ) HEeZ HX|E.
11) "R 2 Y SN0 2ot HE 2 19919 38 MEEA2H, 2006 98 7HE5E2R 0| &
2| & 0|20 &ret HE, ME2= HXIFE.

[y



20001t} 3 Q.89 o] HAH T 715k o] 2 o] ol T MBS
7128 8) 0] A%(2006. 98] whef HE R AL Aot 5 w2 ol A
o} ko 2 B QIch. T B Sol A M kel (1994, )2 B9
ot BHtE AL oulste glou, Fo.EH oA 7tk Sk
o QR HOJE| T YL o] 5 B -uls} AL H8kA] Mol o] 9]
a2 712 H 7} S dlol SA7E AT Wb AR, A
©2 71580 AHUskt HAE 4 9l WA A A7t rhaE ek

SUSAABRE TSR ol 998 745 Ek0) 495} 2 o] §of
AR AlAske AL BH 0% 20079 119 TFHE R0 A48t % 0] & 53]
of) Tk 7015t 7HE R LA AT ) & AT of 7|4 Ml 22,
of u}2 julo} ofu] o] FH AL AT Yo, B 2|47

_{

(H3-1) SAed =0 2 N 2 7|1&e] Hary

Al 7| F2UH 8

« TBIAEMY | JHHOR R (17 ITHA) SAAIA FX|
- 2:1,200m(1005) 0|4, =X 1,400m*(1,0005) 04

* TH7IE Y, MECE SHE(MUMY) FAAE A
- 2:700~1,200m* 04, =HX]:500~1,400m* 04, S 1,000m* Of4

« TR - Bl U SMH0| KM2|0f 2ot HE, M

1991.3. | -T& 74%@;& rﬂ1l7|%1_falt§ﬁ§ O RBHE FAl4 2 78E "2 - B U S
20| X2(0f st HE 2 U

- MICHAL A 220| 5F3F 2, A: 350~ 1,200m, THX: 250~1,000m, &: 500m® 04t

< 124 Blr B HHHA-0] X{2(0f] 2ret ©E, 1XF 74
- A0 BHX[O] 57 B MY AlE A2 OF% =3
1993. 12. - 517k 2 900 O, =HX| 1,000m" OFed
- &1 A 350~900m*, =HX| 250~1,000m’ |
- SEXNY 2 2 Ol Al20) CHet 201 gatx EX| 975}

1981. 12.

1987. 4.

1994.9. |- THIZZ2IY, 74, 7152w M MU W X-EA 2t48t

L TOA - B U SMIA0| HAOH B3t HE, 271 Y
- AT 3 I0[EEE MO AR o3 £
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Q1 ®H X ] (Industrial Emissions Directive: IED)23) 5-2] | &S A A5

7 9ih BUE B39 8 712(1996)7 A1l E A1 02010) H14S
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53l Sld=o) S A

OITele| HAS B0F HHIRICH

20) 0| 222 st sZ AT Ul
21) EUR-Lex. 1991. Council Directive of 12 December 1991 concerning the protection of
waters against pollution caused by nitrates from agricultural sources(91/676/EEC)
¢https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:01991L0676-2

22) EUR-Lex. 1996. Council Directive 96/61/EC of 24 September 1996 concerning in-
(https://eur-lex.europa.eu/legal-con-

0081211&from=EN)
tegrated pollution prevention and control
tent/EN/TXT/?uri=CELEX:31996L.0061).
23) EUR-Lex. 2010. Directive 2010/75/EU of the European Parliament and of the Council of
24 November 2010 on industrial emissions (integrated pollution prevention and control)

{https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32010L0075)
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H 4-1) SiXIS BAT HEH Atzo| EQU(T-P) & X|E

s A E9Q1(T-P) &t (A1=0]| SREl HIE(%))
0lRE 10kg 0|2t 0.75~0.85
X 26kg O[3t 0.60~0.70
os 25~50kg 0|2t 0.45~0.55
|S=
50~110kg O/t 0.38~0.49
OIA|7|7H -
oe ALt 0.43~0.51
2077t 0.57~0.65

A THEE (2013 312).
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Q37|22 X2 =5 HO{E/ OHmLI0fRf N,O 248 1A}

A2 O LKA
XISE0 T2} 971417 | 20| BEUE U ASWI7)
oo EYMIE 5E

A S EATEA2013: 322).

HIO|27tA EHI0IM 22 B71d Xz

19919 Agd AAG A-2 54 A2 Ao Qs 2 =AY 2d
TEALHFZ 02 9 o] LS FABH] A%t FA o7 HHHUALAA

%
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H L H R AN 7] & {4 5ol Atk 75 MoA 45k e 24« I3
2 AAA k5, 2 574 = 7hE ol Hisl 7Hs A S Eekste] vid B
of 485 7HEw o] ol dEt2T A 170kgS 2354 FE 3fjof gttt
o g 73 Bl =X AB|7F S A1E 71ZH A8 5] 7131
FO| 7HEE AFAE 14, 2 5 BH(COGAP)
qo] 54 st HlR 2 EA] AlH] A%t 5o Tt
=2 YU EE ALH 355 ABA(CAPE =U5HA
AFS HEl =9 Y EEa A FFolA]
7]

}_E_EC‘)_]_ l-:_%_,] 7:]1”1:13 oc;li

o)
T
4z
i)
2 f Ho
—
=
a
>
aq
(€]
=]
o
o
[\)
=
S
<
o
f
ol

/JERE ofy et B2 e ot 7| 9 st Hl-85 B9 & 249 4ol A P
e 2t S5 AFH(CAP)INA A A e ALdE7] oM e 22}

= =
F49] % (cross-compliance) & 7|07 @'4(2014~2020‘ﬂ A 7|F). o
J 7}

Y o
Q
o
o
o,
>
(V]
-
o
=
g
=R
o
=
o,
g}
=
=
-
o
=
8
a
=
g
@)
o
=
e
o)
=
w2
Q
>
&
a
lo
fl
-
ox,
il
9
;:O
[o

CAPO] whe} A& W= FF-of ANt X*%EJEP(NO- 1306/2013).

=2 hl i
021 SMROJA %%%“E*Jﬂ’ﬁ oA 485 Ao oft 4
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1.2. EU 3|48 7I5E

SREE
EU 9952 /5202 913 £ L £40 42 ejsh Yos gat

Ag0] w}et hadt 170kee] A WiETH 31851 AS AAI5HT 9

2t EUS] 715 7HA| o= 4otal 9lom, w4 o) F-g et et Aadtal Qi

(O3 4-1) EUSQ A 2 =X JHA|

4>
_K')ﬂ

©g: A ot

SR A

160,000

155,000

150,000

145,000

140,000

135,000

130,000

125,000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

SEX| = e

86,000

84,000

52,000

A} Burostat(ZF 91&). “4

/database, A Y: 2021. 4. 27.).

(a8 4-2) EU sX|9|

OB

A 7Y

, HA R 2020 A7F(https://ec.europa.eu/eurostat/web/main/data

49 kg/ha

65

60

55

S0

as.

a0

35

S0

2001

2002 2005 2004 2005 2006 2007 2008 2009 2010 2011 2012 2015

2014

A& Eurostat(Z} %), “5<d AR H.” 2015 A7 https://ec.europa.eu/eurostat/web/main/data
12021 4.

/database, AL

27.).
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1.2.1. ®lO=2

divta= 1986 7R 5 AlH[ok= H] B R HA%ke] EX] WS 8916
+ ‘Harmony rules’E A5ttt glnta+= A4S A 3]of W} hatd 170kg2] &
A(N) Hi=Tt 3-8kl gloH, B 2-85= AP)ol tigt A= 7Htie o
HAAFAN) Fofl whet Algtoh= ZHH A Q1 0 & A5ttt 71 2017 o] S-RE A
A Ql HA| 2 A85F tH(Danish EPA 2017).

(E 4-3) Q0= 201749 0|8 2 0| E o1(P) M|gt H|
&9: kg P/ha
2017~2020
="l “Harmony rules” | (strict ceilings from 2018) 2020-2022
kg P/ha (2015) UHHHK FlotH™ YUHHH™ FlotH™
(76%) (24%) (76%) (24%)
=5 55 43 30 35 30
a3 43 43 30 35 30
&= HiX| 34 39 30 35 30
BEN}XE 37 35 30 35 30
A 27 30 30 30 30
T M2 ST 36 35 35 35 35
71 W72 30 30 30 30 30
AMAE Hi= Hst oS 30 30 30 30

&1 "2020~20227 #A1E B2 9 7R A2 201995 F ofv] A-8-
A& Danish EPA(2017: 10).

ESH HH PO E Ast £ FE HHA|517] Y5t 20093 Green Growth
Agreement(GGA)E E3f =2 & w2} 10m2] 95 A (buffer strip) 274, SH| 2=
(catch crop) AHl, A4 A A TS oF= F54] 10,000ha 5 5-2] FH-& AP}
A th(Linda Holscher and Lena Gehre 2018). W0t 0| A= EX] W $A88-4 072
R L E L EEEE PP PR e
o T2 73 NOVANAE $H5t0] 2P #2|5kaL A th(Svendsen et al. 2005).
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1.2.2. HEHE

A YDt B] 21 (The Fertilliser Act: IRFA)-S 9 o] B 2.9} B] & A &) 245
AHE AAIBEL At} et 40k H|g AT XA o] A4 "ol

Ludwig Hermann and Ralf Hermann 2018). EA|0f| Z-8-= 4= Qli= A A 0] RS A A

A, EY 79, A9 € &= B= e 240 g g2, QLY 8752
X) AR, ARl ke QAR AFERE 4714 0.2 o] Agetar gl
(B 4-0) HIZRIE EX0| M 4 Y= T4 A3t
39 kg N/ha
x1= e | TDMRR D unoy | oz | om
Z5 IS8 A= |2 S92
FAON; 275 260 208 204 270
ANEE 150 145 116 116 145
X7z 70 70 70 70 70
A2 Y 245 160 160 190 160
=4 150 140 140 140 140
24(ZA 28 ThHh) 160 140 112 112 150
S(EA 2t Oi= THHH) 185 140 112 112 150
eyl i)
50| Y= =3 345 250 250 250 265
Zt= A8t Sl= =3 385 320 320 320 300
A& Ludwig Hermann and Ralf Hermann(2018: 69)

H 4-5) HZHE AMH MBI|IE

&9 kg £,0,/h

EQOI ORI M| | ot HIIE
=8
K0,<16 QlARS] HE 9l OIMY I EY 120
B0, <27 =S 100
27 R 0,550 Evd) 90
50< B0, == 80
25K
P,0,<25 QA B gl 0N 1Y B 120
£0,<36 323 75
36< P,0,<55 =7 60
S5< KO == 50

Z}&: Ludwig Hermann and Ralf Hermann(2018: 71).
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EFo) S ARHARA 9¥A 1A ol ol e B HiEHS S5 EXDEHT A
7SS AISH *P%-‘?—’F% o A= =071

2 o]9] o] Ao AlH|E Altstal, AA] Be 7k w80l 4 671 sU% &
I Aol 7hs ek Al o F-9loFATH(GE B. C. Backus 2017).

HEHE A= 282 £t E A8 ST JFLIABE(MINAS)
5= Akl gro, g2 A A= EiedE]ofl A 24 o]3do] A 9] girtal
3t EU 9] W of wht 20059 4] = AFHOECD 2005).

4

1.2.3. H7|0f
o] Z2t2 x99 ‘B HY (The Flemish Manure Decree)’ 2 SHEZ2
ool 4

B 4-6) W70 2MH 20 ME ks 7IE
@9 kg/haly

g 78 2 IE8 00| ZaHE = ZIA]
o= DY EY | 237t ofd EY ot
253 = H7| 300 310 170
=7+ 35 235 245 170
2 2 160 175 170
A2 He| EE VB 5= 110 125 170
AT 135 150 170
oxt 190 210 170
25 135 150 170
OFx E | 225 250 170
O JE Il 160 180 170
BOl| 3 == KHb 160 180 170
27 160 160 170
Y 20| M2 ”E 115 125 125
Ijo|et 3= Milet 7|Et S 70 75 120(S) / 125(NS)
7IEt A= 2o At A/t f 7 130 145 170

T 48 AAEL AE A o] 8 7He T AR alidE= T AR ¥4
ZAt&: Ludwig Hermann and Ralf Hermann(2018: 48).
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(2 4-7) '@710] A(P)2 Lol 2 EY 27

49 mg P/100g(E%)

== ZEIX|0f AL 7H53 QU(P) SXX|0 AR TH5Et 2I(P)
°= @71 Hx EY) (B HZ EY)

[ P <12 P <19

[l 12<P <18 19<P<25

Il 18< P <40 25 <P <50

I\ P> 40 P> 50

A& Ludwig Hermann and Ralf Hermann(2018: 48).

I 4-8) @0 22 Y B HEE QI(P) Mgt

49 mg P/100g(E%)

i3 K== s s Vaa
2= 115 95 90 70
1Rt =X| [ 8 + S5 15 95 0 70
S 10 80 70 55
I= A= 95 75 70 55
axt 95 75 70 55
E i & O] 0|0 o === N
vummoise s anagese | B | © | % | &

Z}&: Ludwig Hermann and Ralf Hermann(2018: 48).

i3
N,

| EHEE X Gof|A = WAt 752 S TE|5EaL Manure Decree ©|
o] P Fohs Br2PS 2Fot Ut Er 2P A= 75 i
A2 gol w2t 7SR A 2] JISAMVCs)E SRt Boh Ei MW S
715, 7158 R0 Ua 9 EH|SA AT} §71 R A RA ) tigt AA]-5)7}
IHE I, ASFE Ao G2 WEHNER-D) S 7FIF = T Q)
T2 91 2019)
1.24. =Y

£910 EUY| A4 XA E45k0] 20174 H] 2 (Fertiliser Act) S 573

811 “H] & ¥ & (Fertilizers Ordinance: DiiV)’ 2 A]333THECO LEX).24 Q1(P)z}
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Ralf Hermann 2018).

Aavg 897F2 29, 484 5 ES ARGl mEt 21 (DiV: 754 1
8), A4 8, Pt S A W= 272 7 9
A gL A 2004 cl g == ot 3 E-0] Hitt AE AhAIT S it 87
FIHDUV: 55 4 312, 1 4) A= AFY QA dFSDuv: 757 F 1-3)
s Alatsiof gtet. 585 Fho] A4 9] F2 2018WR-E Xt 50kg/hac] 1L,

oo
i
i
K
K

i)

_0|L

Q

2

2

(i,

o

rO

= 28(dt/ha) EA 272kg N/ha)
Ag 80 230
s 55 200
g 2| 70 180
g 5 70 170
g Az 70 190
=) 50 140
) 55 130
RV % 200
eSS 650 170
247 450 180

3 717 9] A4 877, ol 0~90em 71 1dt=100kg.
A& buzer.de(https://www.buzer.de/Anlage_4 Duengeverordnung_DUV.htm, AA: 2021. 8. 17.).

24) ECOLEX. “H|2HS &= & HM FHot " (https://www.ecolex.org/details/legisla—
tion/first-act-amending—the—fertilizer-act-lex-faoc169515/?, ZAAM: 2021. 8. 17.).
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2 20| 9 ) AF
571 24 67199 By AN G AAslolop ATHDIV: 122). 0] o] 5=

Hermann 2018). 72| 11 QFE-¢e] 2 18] W2l0] 10ha 0|4, 7155k 9 o]
7h2 Asholo] A4 Eojefo] 500kg O]4Fe] S O H 0 & FE4A| Hlo|e]
(nutrient data)= 7] 23}7) sFATHDIV: A 132)(ZS4 €] 2019).

1.2.5. THA

mRYAL ARG AP AW A% BHRL SR FEOZ WA 7

=
k.

AL ZA5) 27 HEL2 20113 102 109 RF A, 20126 7€ 5 R} A]
Y 5ol 4= o] Jth(Ludwig Hermann and Ralf Hermann 2018). T3+ 2014d

A| 52} =715 A S (National Action Programme: NAP)S A| 3513 th(Jean Gault
etal. 2015). Z7FESAD(NAP)l= EF G #4971, 48 &4 FA dH &
= W7t AN 2EYH AR 5 S7100 A4 AE2 BRI et 43 Hl=

ARG T A 71 AR, 7HE R A 8 EE, = A A 5ol Al A,

17k 170kg N/ha A3t 59 ZX]7} Z3HE] o] Qlth(Jean Gault et al. 2015).

H4-10) ZYA Rl MHAH 82

o9 e
_ 1S HIQ||A
38 NegEoER | oL | AT | BRI | C7o | DY
e <3 | 55 6 6 65
=S >34 4 4 4 5
(U 54 2 Ty 22) 2
Li=OfA gl Of sop3) < 34 6 6.5 6.5 7
= >374e 45 | 45 | 45 | 55
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5= Negeolzw | SR | AT | BRI | cao | DY
HA(5A0} M)} 2E QY < fE b 55
Usg MOl Gty | (I 2%) | soma | 4 | 4 s
<3Mg | 55 | 6 | 6 | 65
oz 378 | 5 | 5 | 55 | 55
Higo ST 4 4 4 4
<3 | 6 | 65 | 65
243 37 | s 55 | 55
>74E 4 4 4 4
= US| o= !
27 75
R 2E 98(Ek, 22f2)
ololol 5 6

Z +9 A: Brittany, Pays-de-la Loire, Basse-Normandie H5-&.
79 B: Alsace, Dordogne, Aquitaine, Haute-Normandie, Ile de-France, Picardie, Poitou-Charentes.
79 C: Bourgogne, Rhone-Alpes.

9 D: Auvergne.

At&: Jean Gault et al.(2015: 142).

H 4-11) YA H|g M8 2X| 7|2t

EX[o|2

>

x|
=

H|=2|

1o|
=2 =

ot

ng

2&

A

A

7tg0l 42 R

FCP, CEE

SHIZ=E0|L

2| HF0| ALK

o2 20| A2 &
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A H|29
EX[0IZ = | 18|28 38 48 58 638 78 8a 98 108 | 118|128
oTT
FCP, CEE
SHIRBO|L} |

28| 20| M= H
20| M2 &2

7|EF RSO K2 |
- e, S, RA I

A2 Y EAEE) Il

2 FCP: &% 2 ¥j¥], CEE: 7[&-&k HH],
AR =2 edu g ngJ A URCIERE AR RE 7150 5 B, Y4 B0 )
3 11 = 32 58] 2 714 B (&9, 75 B, A=A G2 45HE).

T d
4% 1l = F=4 "=,
A& Jean Gault et al.(2015: 141).

1.2.6. 0|20}

ojgg]ot= 2006 AR E 2HFH ‘Decreto Legislativo n.152°2] 23 A|92%
4 A112z2E B9l 599 d4 EAE o Qo Al e 20164
‘DECRETO MiPAAF 25 febbraio 2016’ 2.2 7} A =] @i t}.25

ALl FoFokA] 9> A HollA A4 At 340kg/ha= A= o] UL,
QPR 2 170kg/ha® A F = o] UTHA4Z, A26%). T A&l 33 &

U W] AT YRS AP 55 X E 1] theht ek,

=il

25) GAZZETTA UFFICIALE(https://www.gazzettaufficiale.it, ZMY: 2021. 8. 18.).
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(E 4-12) O|H2|02] 220l CHE HAQ| 2| EE2(ME 715T)

AES(E2MS) Z|i E42(kg N/ha) +&(t/ha) 2 A+(Kg N/Y)
osn 250 23(Ux) 10
13 17
et 180 6.5 22
ey 190 6.0 25
CE] 150 6.0 20
72 110 45 20
sy 120 4.5 21
Atz 150 6.0 20
£ 160 7.0 18
I 220 16(21%) 1
75 23
QA 150 4.0 30
aittat7| 120 35 27
AT 160 60 2
axt 190 48 3.2
E0E 180 80 1.8

YA o] Hof| AAEH 7| AARE 2FE Al SRS 22 AL B Al=E 485

A= GAZZETTA UFFICIALE(https://www.gazzettaufficiale.it/do/atto/serie_generale/caricaPdf?
cdimg=16A0276201000010110001&dgu=2016-04-18&art.dataPubblicazioneGazzetta=2016-
04-18&art.codiceRedazionale=16A02762&art.num=1&art.tiposerie=SG, A Y: 2021. 8. 18.).

v 2 A3 wRste] AR HAL e Al i A &2 90 °]
ofoF SPAL(A11R), H2A
2 3te EATF e sl
120l A 120¢, °]
UTE 3 AJH] FA] 7|72 it o g 1Y 14 7E 29 E7HA| 0| A (F-=
1Y R o] A9 AArd FoF A oA 1209, 7HaF HI A ES Al 2Rt Eix o
7 =

90, Tk 2122 A4 FAT FF A oA 12047 A

o
o
o o%

o) l-aNl
e
H
Ir
N
o
L
o Mo
S|
o
o)
%0,
rir
off’
N
mﬁ !
[o
oX,

u
)
9
T ogp
e
)
o)
8
e,
fifo
jalte
P~
- B
o K
fr 2
W O
3 %
£
[e]
B o
o A
o Jr

)

e

.

)
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1.3. EU 3=
(ol 2 &

EUOIAE 715 0 2 <lg ]9 @ Eat Azke 242 Q4akT QU 4
O AU a2 Qe vgko] A A A wgh W& T2 30% A =5 AHA|RHHE26 EU=
o] AAZ]7] AT k¥ o & TH5-E ke ST Aol U A] Aol sAlol 7
ghHto] @ EHE O tfet A| A M S FXISHL Utk 7FE o Al Hlo| Q7MA S
YAFohe A =3 A 2o 71REet X & 7157t Hio] Qo U A] A|A”I] Y
]l gflojt}. o] Al A’ A4 T R-ES AREOlaL SAof o FH e et S F=
= B0t ofy gl 2 @ ¥ 9] IS F ASFstth(Jan Liebetrau et al. 2021). EU=
Energy and Climate Change Package(CCP)E 50f] 2020 7}R| 2A7IA vl &S
1990 th®] 20% F=3P7] 2 FEFIL, A5 FHE A% dE oz Hio] 7k A
Abe A8ttt I 23} EU 4] vho] 7k A4k 2005 167PI210]A] 2015
d 654P)J2 °F 48] A= Z7}5F5 tH(Nicolae Scarlat et al. 2018).

(13 4-3) 201514 EU 3|22 BIO|27FA Mtz
=9l P

0

mAD m Landfill gas recovery

N W
[
O 0 O

N wo

Primary energy [P]]
HoEN N
omw oMo M oo
Germanv  — —1

ZF: ADE ¥7]14 43}, Landfill gase WHA] 7FAS QJu|gh,
Z}&: Nicolae Scarlat et al.(2018).

26) LSCE(https://www.lsce.ipsl.fr/Phocea/Vie_des_labos/Fait_marquant/index.php?id_
news=7732, ZAMYU: 2021. 4. 29.).
27) QIHXIE M= HRI()). 1077= TAHZLE), 10°/= PATERE)Y.
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1.3.1. ©i0t=

dlo}3.9] vho] @ 7kA AARFL 20104 OF 4.3TIO)A] 20194 F 16.6TIE 34 3
T S71olaL Ho] @7k 8 5 2F 78%7t 7FSE i 2 o] Fo A Qlth28) dlup=
O] Hlo| Q7}A EPE L =09} 224 AHA-8 Hlo]| 9 7FA ZTHEQ} 5AHA] Hlo| Q.
7t SHER Yol LQHIL Utk 48 EHE= FE7F 39 A7 109 &
o|Ate] Bir 2 #|sle SWES W1, HE 24571 40~10059] B S A
Sttt F3A Hlo| Q7 A EHE = 54 A2 02 F 5t o 57 7
gk A 2] 3K (Michael Stockler 2020).

dluf= of| A= Maximum bonus?} Guaranteed bonus2h= &+ 7}4] 8- 9] HY
A5 B3 vlo] QA ZHES X Pt YA, BNE LYAE F HUA TS
U= A e 4= Qlth. Maximum bonus+= A1 7HA o what EebA] o, WA g S

=
2 kWh 9F 11€ cto]th. Guaranteed bonus= A|J714 Qo] BAGH HUAR,
kWh eF 3.5€ cto|T}.

(T 4-4) H0LE0] HIO|QTLA MM

9 T)

18 000

16 605

16 000

14 000

12 000

10 000

8 000

& 000 5561

4 588
4175 4337 4107 4399

3919 3914 3928

4 000

2 000

0. 0.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

A& Danish Energy Agency(https://ens.dk/en/our-services/ statistics-data-key-figures-and-
energy-maps/annual-and-monthly-statistics, A Y: 2021. 4. 23.)E 0|83l #x} ZH4.

28) Danish Energy Agency(https://ens.dk/en/our-services/statistics-data—key-figures—
and-energy-maps/annual-and-monthly-statistics, Z4AMY: 2021. 4. 23.).
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1.3.2. HEHE

HEH== 201119 3H4 2k49] A7) Zufj7HE st Aoy A] A-le] 7] 7+
7o) Zpo| 5 BAFSH ] fial] Aol 2] AARR A A7 Qo) mejw] & Al
Sh= SDE+ Al =5 Alstoiet. APg7H ofl 3712 AlgEE Zejv]de Azt A
AP 7H4 ol wheh getAH, Z1eat 37 Aol whet ©AE X €F o] Aol

sitt. &= H712% ANgSto] =2 AAshs 4% 194 = kWhid 6.4€ct, 21
A= kWh3 7.8€ ct, 3HA= kWhig 9.2€ ct5 X QukS = Qo). ESE AR 715t
NARIE ARGRE 7] A= 7] AH]of] thet Algo] |AIETE) Z12] AL ‘Green
Deal and Green Gas Foundation’S &= QJolo] T2} H7Hoj| A vlo| @ 7tA T2 A E A
ol Ao A AT D27 Emd B2 5 A= SIAHE2A €] 2019).

H 4-13) HIFAE0| T2 AH|0f| T2t H55H0F sh= M3

T2 AN M2
>10,000kWh 10.46€ ct/ KWh
10,000kWh < X < 50,000kWh 5.27€ ct/ kWh
50,000kWh < X < 10,000,000kWh 1.4€ct/ KWh
0.12€ct/ kWh(iOI2
<
10,000,000kWh < 0.06€ ct/ KWh(Al2IE

A& RES LEGAL(http://www.res-legal.eu/compare-support-schemes/, A2 Q: 2021. 8. 19.) A=

29) RES LEGAL(http://www.res—legal.eu/en/compare-support-schemes/, ZiA1!: 2021. 8.
19.).
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1.3.3. &7|0f

710 Aol A it H -LF= A
stroom certificaten: GSC)& ¥golo] &8sl
ASA7F F=o=]=d, 1.25MWh A A

(Ludwig Hermann and Ralf Hermann

H 4-14) 27)0)Q] B HE2 QIS

HIO|R7tA

5

] a;f]

AR o] 2] ol whet

ASME

0]1%A(Groene

77} Hojglr}

poh

>

|2 K|

rio

=1
[

S

Al 712t

QAUSMY EA X2 (€/GSC) * g A
1

0 Ol XA

154 X2

= -
SHE X

=t

20094 O[
ARt

2010A2E
A

2012145 Ef A%}

2013HEE
A

20184 4€ 14
SEf AR}

FRED
gaz Qlot
HIO|27tA

€100

€100

HXP7HE Z2|0|HE
YUU=X(0 Tt €100
E=€110

£93*1
= €93

€93*0.8
= €744

A& Ludwig Hermann and Ralf Hermann(2018: 46).

d7]oo A& o] ortA BHES 2G5l T4
430 A of] uh=t H 2]

4 53 R4 FRFA]

o
T
(o]
H>

S 39 &< 1009 f=olt.

(E 4-15)

=ztc
=2 o—

= X|%9| HIO|L7tA STE HE

oM

- %

o2

!

7|52| YEH

| —
ds

SAJIH EXHIE

7|2 B Hlg

98

55

45

68

30

15

A
B
C

3-4%

0

0

D

1~28

0

0

Z+&: RES LEGAL(http://www.res-legal.eu/compare-support-schemes/, A2 Q: 2021. 8. 19.).

30) RES LEGAL(http://www.res-legal.eu/en/compare-support-schemes/,

19.).
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=L 2000 AjAYof| | X (Erneuerbare Energien Gesetz: EEG)S A o1
31 70] wpet ZHE A|AH O] ARH 82 4 85%0] djFdst= ARt A
)& AT AS 27t B2 FE A ALE S ek, REFS AR kWh 65

€ O|tHEEG 2021 A|50a%). T3 Hlo] @ 7FA SHEE x| Y517] Yot & =

N
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filo
5=
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H

= 1089 iﬁ%ﬂli 371 Zi 2](1.05%) ﬂi%% Xl%?l
o}, 3 AN A A e (Feed-in Tariff: FIT)E AJY5to] AjAJofl i 2] &
oA BAtE= Ao Alge sfErt. AHE o83t ol ertAR whE @71
ol tho kWhi 22.23€ cto] Ala-& AT ek & A3 8 150kW 0[5}
At SWET HGHTHEEG 2021 442). o] 22 FH O 2 Q9] Hio] o7}
Ea E = &S S7F5t] 20006 712 1,0507000 4] 2017 9,33170 = oF
10¥) = Fogton], J1of mat Ao ] 28 it A Hio] @7kA HlFE A
2} Z7Fskod 20006 1.23%0114] 20174 13.56% =2 S7F0FRATHEEAT 2] 2019).
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1.3.5. THA

2001'd ZFA0] A= Blo| Q7EAS ARG A7), E B A S S B¢
NA7FA Q] A-g A FaflFe DA AR LA = (FIT)7F AF= A1, o= 2005
A oA (Code de I” Energie)’ofl w2} 7HE 9 73| ATt 2011 Ei—é 8F

o] 500kW o]43] 8 Hho] @712 SHehEo] chat FIT7 Al E%lek. 20164 o]
‘Law on Energy Transition for Green Growth(LTECV)’ & &3] 83 500kW 1|72
3740l FITZ7F A= 1AL 7] B ofy 2} 715k ARG Hig KUY A

31) RES LEGAL(http://www.res-legal.eu/en/compare—-support-schemes/, Z4A4: 2021. 8.
19.).
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FS 4= QA HATHFE-Z 1 Arrété du 13 décembre 2016 biogaz). 20| 80kW ©]
H}o] 9 7} A ZHE O] AL kWhi 17.5€ ct, 82F0] 500kW 0] A}l Hjo] @ 7pA
9] 49 kWhi 15€ ctE BEARRS &= QItH(Alexander Eden 2018).
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ojgtg]otof| A= AT A FF £AE A3 2008 oA T} ‘ARG/elt

V09 501 ¥3S 55120124 129 319 A7) 7B FE HE 28e] Ao
= SHAAA LA = (FIT)7F 1597 2= et vio] @7k oigt
FITY] 3¢ kWhg 0.28€ %It}

2013 5E ‘A 2012(Ministerial Decree of 6 July 2012
A A G Aottt M= AP A A9 A8 LI /79, 35¢=
w2} ¢All-inclusive feed-in tariff(TO)’ 2} ‘Incentive(I)’ & 7FA] -
ABFNSATE. 20179 715, B3 FIT(TOR= 27|17} A4be 5 9 2o 7]

AR
U A7} 500kWh H]gEQl EHECRE 2851, T aao|7u L A= viE

i
oft
%
:>I;‘4
hi!
Mo
N,

091‘4
1o
=
)
=)
e,

=] _% 3
A ZaA7s SHE DI EH U JAE B (D)= TOY SES 4] Eoh= &
A E o] -8 =] th(Alberto Benato and Alarico Macor 2019).
(H 4-16) O|2|Of A+ HIO|R7tA STHEO]| CHSt QIMIE|E
e ] (kW) Lt QHIEIE (€ /MWh)
1<P<300 20 236
300<P=<600 20 206
=1
AR 5) 600<P<1000 20 178
1000<P<5000 20 125
P>5000 20 101

Z}&: GAZZETTA UFFICIALE(https://www.gazzettaufficiale.it/do/atto/serie_generale/caricaPdf?
cdimg=12A0762800100010110001&dgu=2012-07-10&art.dataPubblicazioneGazzetta=2012
-07-10&art.codiceRedazionale=12A07628&art.num=1&art.tiposerie=SG, FAY: 2021. 8. 18.).
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1.4.1. ©l0t=2

BRSO A 2002 743 4 Hol ket 7Hs B % 15-250uke] o] chs o
H A W o7 QAN 257k o 2ol Ak, 123 2500k o4 7152 BE
3 357H 7 Ba ol whet ALk 2500k o] 5t ZAle] thk A el w2
¥l ub2bak 87 o] 4go] EAfSH FA4) Aol 22 300me] A7 WolA 9]
ofof 5}, 2500k |4 2] 1A o TR 54 A1) B9l HU GOAA
7158 E50HT oA BA RIS ALG AT 71E SAF 7 5T vl
= Aol A] 50% o]4 B Wo4l 3o ke A4S T 4 L, AL
A Ap8lef OF% S7HAI71A) e A9l Bl s sl ofH] % A
Aol 1 7Pte e 2oz 2AHE, A GHEEE £A9 A8
g/ Mo, 73 200m O] o] 77} 012 FALI 7L L A9 T/ 0, B F7A

Z]OE_] 73-10—% 150w/ Nd® O]q

32) Anna Bokowa et al.(2021a). “Summary and Overview of the Odour Regulations World
wide” Z0|N S0 otF| AN BES RSt

33) QBOIA UF| =E 2 ZHGH= Ok Th|(Odour Unit)2, 1mf Q] £ 7HAR Stle|= LA{O| OF
2 2|O0j8(SCENTROID, https://scentroid.com/wikiodour/odour-unit-ou-oue/, ZAMY:
2021. 4. 25.).

34) o BM RHL oXsTE 0|55l HRE AS0MY. SH0 TOF 94

., X, 714 HI0lH S0| US.

rr

o

]

RIA% Q0| ZAte] BETA STIMEIOL AN | 87



1.4.2. HEHE

The Dutch Emission Guidelines(NeR)& E-3f thFst 2t3H 7| 71+ L A9+
] "i7] vi=ol tit Aol ZE Ao, 20161 H A EHA HH 2l of
%7} 712 ol BehE1 4] ekrh. 2 ARAOIAE 74 Ehedonic tone)
ol 7]tel ok 1S Bk 24 £ A0 Bafehol A +AwhS 7
of A=z FAHG E3, 20064 YDBE 7827 A7 2 BAR0) 713 of
A g5t 57 o) Wik ehas gk o
FAE 7 715 500 AEHE FAL 01092 Ei Yok PAAE

17 2 9 o3 g Aol et ol 24
ol T 413 ose response) A 71480 2 449001, 7] e 5
=X A2 58 25 98%0N| A 140,/ Nod 71A] TGS}

CERL 7S S %T}O}Hoﬂ ek =84 Ato] 2] A& A8l #oF 4 100m

(oF30] W 5847 22 Koo Q= A9 E Som(AZE 2| o]k

i

1.4.3. 710

A7)0l =7 &0 HES SATHA gFou, A9 A o] EARtt. 7]
22 29 9] gH|5} 4] 9] 42, 20091 Wallon Decree]] Wt ot 5= 71
7V7h8. o] %ol Th8l 518 B 98%01A] 3,/ Bk Z7] glotok Ttk ZAte]
A% k3 AL WA AT A2 0272 ARG,

i

35) 2t &t 7|Z(The Odour Impact Criteria: OIC)0|2H= 0| 25| & F= K| YA X
O Ce 9F == 5i85E a5 e + U= 618 &AES 7|EICZ 5l0 74 &4

9J&K(Cyntia Izquierdo et al. 2019).
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Z&: Anna Bokowa et al.(2021a: 19).
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Z+&: Anna Bokowa et al.(2021a: 6).
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Z}&: Anna Bokowa et al.(2021a: 14).
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Z}&: Anna Bokowa et al.(2021b: 3)9] W-8-& A3 =.
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H 4-21) EU 229 S

oEuE FH za s

=
= 2UYEY HIOI2TEA(TH7]) o
1995 Harmony rules A, | » 2012 ARE HIO|R7tA Mt e 74 LEE0)| [2t OIC 5~156
Ihed BA 170kgO2 At | 2X3 X3 o,/ Nk O3}
1997 APAE AldY, 58 &bt |« MU BIOIIIA SHES S |, o50niz] 0j8 ALR ZAK= 0]
HOEE | ot ergel més aest A A HIO|Q7tA SHE 2F Z7{2] 300m, 250012] OJAt
= A AAH 2 © BEHAS SOHHIOIRMA SH | (1o 2Ap= GOAA 71 =4
E X¥@.5€ct/kWh E=
11€ ct/kWh)
19843 AIS ST B7LAE |« SA0ILXIQ THAOLAXQ] M | o XIXEA| S2=0A 778 AR
19874 QU(P)S 7IZC= 75| & 7HA 10| EA(SDE+) * FX|, s& K90 w2t OIC
B 3 o TWHOIHR] AL F7| MR 2~140u,/Nud® 0I5H98%)
HIEHE |« 1994 AT M Al Mz AH| M2 Hx| « 50~100m 0|Z{7z2| 4
19874 223 M o HIOIRIEA B2ME M3l A, ayx =0y ofsh E
1998 MINAS 2% (2005 | XY 2 M7t K|
X))
1991 Manure Decree A, | « =M H= QIZSM(GSC)LE, |+ XIAH +=F0IM 8 AR
A 2 TS B 22| A QABMY X|2Z 201 o X[ AL S OF0) w2t
o0 |- B 2YEEER) * V1B YEH 7ls, FAF R | OIC 1~100u,/ Nid® 08t
Off w2t BO|27tA SHEO|  (9gy)
A I Al . BI85 oF 47 MY
HIZ 2 DuV A, 1ThaS & |« THMOILX| LALLM A« Zf OIC 7|22 IS, AIY
A 170kg92 Hist El= THo| NIz ZH(FIT) 0| 0.250u,/Nw*E 21}
MBI SX 7R RE(12 3127t |« LY ME 37t BXEZ X | 512 #o o) Azioz A
o | A AU(HR| 8 KWhd 65€) =
o= 6712 012 715 Bix MFAl |« HIOI27tA SHE XIHS A8t |0 Ta Luft 78 A3
A 44X 92 0iE o203 2 . 017472 M
S HOIE 7i= - O3 ARIS HESHE GOAA
JENL Y NG
20114 102 10 Al |« 20115 500kW O[AQI CHY | » 2kfz| SN AL w2t
E, Thad B4 170kgC2 Mgt HIO|QIIA SHMEN FITAI™ | OIC 5ow,,/Nu® O[5t
27t =12 AJ(NAP), HIZ [« 2016 500kW D|2te] Z& (98~99.5%)
ME SAI 717k 2 MEAE | EFT MY, 71520 A8 2|, otz =0 met otz 28 =
oA o| 22 59| XX|7} &gt A= 5€ct/kWh 7|12 C2A A3
* ‘Guarantee of Origin’(GO) |, oFx| GL|ERl MR} MM AKR
AAZIOZ BIO|2THA QISH | o
=AM . O UHRIS EIS AL
oF 2| AlE HE 2R
2006 Decreto Legislativo |« 19993 =AQIBHI=(GC) A | o KIAH| Z=0IA 75 AR
n. 162 A, 24 FHX|H0| |« 2008H ZE AAYOILAR] LA |« XSt AF2AQ| Ao w2t
ojzzz(0} M Tha' Ela 170kg2= HgH|  Off CHall FITAISY OIC 1~4ou,/ Nm® O[5}

* 0¥ 0|9 Bl MYAIE 2R

AHI SX] 712 XE(112~28)

20124 FIT7 1= g & ol
RlgLrehol 2t QIHIE|E X g

(98%)
AFST T G, ol BAl

Jf=]
=T

Z+&: Danish EPA(2017); Ludwig Hermann and Ralf Hermann(2018); Jean Gault et al.(2015);
DECRETO 25 febbraio 2016; RES LEGAL; Alexander Eden(2018); Alberto Benato and
Alarico Macor(2019); Anna Bokowa et al.(2021a)& ZF15}o] 245t
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7} AA-AJAFE(Ritz-Spaulding) T E48)

FHRERBE A Ritz-Spaulding) B’ 5 AR 45
(A4h) a7t BA AA o v A= YEFS AAFEEHE AST 5 Ut A
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AXy|= |22 1 22| 0 |=4"| O
21— A A _ | _
AX, n 5 || AX, AX,

Ay Ay

All A22

. S g A

Asho} Au| 0] gt HE2 R} At Wake T 2H AR Ee) YALS &
W11 o) AAES B9 HA7HA S G817 Hrk. AIAL- A4 (Ritz-Spau
lding) RS 0]-§5}] 574 AHQREC] At Wslo] W2 BV S EIE
éxg Shis e et k(o] 87 2020).

A} 3K ZE 710l 93] 2 Abd B0 AjAto] Qub] 3 AN =S E5 7} AL
AF2oNA F/PH7E s BAE Hesh] fside S PEIAS
Al(= v/ x)7h Basith ik WskeL R717HA o] WA AL thet Zo, o)
A A5 F7P7HAAS2 diZk g Eoth(e]-8-4 2020).

AV=A"(I-A")"'AX



'S o §3fo] YAk Bisto] T2 SAVEA U AN S P o

2

7} A5 0) AL Wisto] whet 2t AR EO) A AbAto] £H 31 Z42pe] A
AEES B3 SATEAT i E T B mohg SIS 7 AR 2
2 B} 9eh9)(Greenhouse Gas Emission Unit) 4% (= ¢&/x)7} D a5t, o] 7]
GEE 41919 ST djE o]k, AL ke S kA ujETre] T
o thgu o, o714 A"k LAVkA W2 U gle) tfZteelct.

X

=

AGE=A"(I-A")'AX

o ok g8

SAEC YT =8 571 o= A o] Aqto] i E AL 452 S8l oF
27} o2 A moksy] SEIAL SAR RS oFH(NH,) HlE UEHI(NH,
Emission Unit) 4" (= NHE/X,)7} B 5}
slzegolth. SA1Eo] tjg HEra U ZAele] Hatalzh o I(NH,) HjZte]
AL the} g, o714 I A7k WE LRl gizold,

&
8
N
o)
%
rir
>
A
1o
a)
bt
Z
=

ANHE= A" (I- A7) 'AX

49) O] G0N = St YHIPE| AFE 24
Lo (NHa) HHEZES oF iS22 2AoIAC T2t HII %
SOz St oF|7} Ot 2ts HOIM 24 tHOA M ISt
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1.2. AFAH7HLCA)

A4 18 7H(Life Cycle Assessment: LCA, Z:if2aHE)= AAYol B 71t 5f
o, AU AS Z3E £ AlF9] A I, & SAHE9] Aol lolA = (AhE,
£ 5), AR WA, 84, &5 7R e, w71E B 5 2ol AR E AL H)
S5 oA 2 249 FZ At o] 5ol &0l M= YF= FAH AL
= grishal ol Edi® 370 Hjts BA Sk S F T oy
(ISO 2006).

A4 H 7= 87 93FH 7HEnvironmental Impact Assessment: EIA), ¢34
B7HRisk Assessment: RA) 53} 2t B2 AMEH= 84 B7F =7 F StU=,
A EZSP7| 70l sl IR EC] FASTE o A+ Aol Hiet ARG S dHT
T Aot S AY AL A IS0 A4 7|7t A B7HE O 54 H 89 A4
©](Goal and Scope Definition)’, @ ‘A 7H4 EZ(Life Cycle Inventory: LCT)E-A]",

@ ‘A3 I H7H(Life Cycle Impact Assessment: LCIA)’, @ ‘A 7} 8] 4 (Life
Cycle Interpretation)’ 9] 47}A] THA 2 FHE-513L QUTHISO 2006).

(33 5-2) Margyrtel 7|2+x

Iy ofAs

'

- A

= 'IlE[

J

g FeA(2018: 10). “FANE A AR et Ay WrF A7 AsTicha ekl AAReH] =E.



A AR SR B % W) o 7o) B4, 7159 (functional uni),
¥ 9l(scope), HlolEl 47 WY 5 WA BAR A7) AAH PFS A
etk 5 WA AHpg BEEA B ARl BastHols g 4 2
Aot BAR AT iy 2T BE BARHEYZY 2 )S HHs}

FZ B7Fot= dAolt) o 4R EY JF HFE o A FFY A
= YT A g 7he] mpR et @A Rl A g S A T
ERA 9 AT 9F B7F AE Bt 8 AAFIFE BUkolH, A&
L &5t o thOl AR 2] 1998).

SAG ol thoto] HIPB7HE 83 APALY AHIE A2 EH 914 9
(2015)= A4 ARSol thet MY B7HE AAISHHA A4 AARE ARAE A
|, AL AE 71, AR, B A E] 9] 47FA] 519 Al AR 0 = S sho] EAI5H]IT

(I8 5-3) HUYEIHA GAl: Ha Aks

=, e, e, e, — e ———— \
| Feed production Utility :
I (Agricultural production +
| Livestock feed manufacting system) Heat, V\fa_ter, : Production and
| | Livestock feed | Ellac‘lncﬂy I usageof
: (for hvsmckba)m | | medicalsubstance
management
1 Livestock barn 5 |
T
: Livestock T :
' |
I
1 Enteric Manu;e |
1 fermentation || generation || Storage | |
I [ |
1 — I
1
| [Manuremanagement deloo !
| Manure treatment | A
| (Aerobic digestion, bio-gas bl | i
1 production, compost :
1 production) " Beef
e cmmmemee - J

A5 34 9120150 52-59). “F S HEA L] SR RA] thet Aoy B T E
A, 370).
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o] AFNAE FARIY FHEASTANA Bt BFIFL 72 2A o
o= S gtk FAH R ZHARIOIA WEE LR o YRHCH,),

OIS A (N,0) & “2A7F2, o F 8 279 A YOKNH;) 59 HiEol
e B IS 78 T4 L2 ). wehA o] oM 9] 7 Aol At
A

7h5 Aol A 87 FYE2 A1 SR 2 v 7ol £

ASAGIHNA HETE Bt 2A7LA, S UL FRUOKNH)
5 840 4B UL A7) a0} o 550 48710 A% 58 0l8s

of A BFAT

2. SLU9| et AMH SuEEMHATEL)

ZATOA WA LA}t S PR E St Tl 5 9
o] TP ARE HASH: 7159 A BEY 715 AT oA

ol
of.
o
s
o,

Hod S0l etAge 24 | 121



—_

o 2A7IAE 2 BEEQl ehe-o A4 ARSI ol A Eol BiEE ™, o
A FE Yok A AR ol A ol B & E ot
Atz E Foto] A s grota S £ AlR Y F8 AU A2 A, AE(Dry
Matter Intake: DMI)2] 65~75% AEZS XAt} FQ &@4alEg2s 484
(cellulose), 3| U] A &2 A (hemicellulose), Bl (pectin), A (starch), TF(simple
sugar) 5°] Ut &7 AT HeokE § Li= 2 A0 & 22
goll ol-&EHAY oA R & o] &HTt 1 8] dR= 29 FUolA 8=
o ofsf Fa =] 2A7FAS ofitele 4 (CO) U HIEH(CHy) 522 HlEH TH(E

2254 FYE AT 2017a)

(8 5-4) 49| Et=3kE AL 2K

A® Q8=
Q53
N
) . >
@79 \|/
Y g
A49 (ﬂl%mﬂfﬁi}
f::ﬁ %\ 2
R
2 [ul - ]

2w H2ATH YA (2017a: 26). I ISAIFESE R,

17} NPNO] & 7}A]| & LR =T}
of o5 EafjHct. HHE A=
FHo] HElo| =& AA ofu| At

r]I.

\
X
(i
Mo
>
it
Y]
)
i)
1o
i)
1z
N
rlI
I
1o
=
o>~

P T ruN
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o . e P o= IEEE
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3 : I3 e
= X 2 ki Mroomw N
o
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. = A Kl e ) ) m_= < _m_.l_. oK Ho = i
7 S m o .nm -y \9 i by W_m ~ H N
T oy M d JlA LA P o B RN
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o9 ke/oe- o

sUEIMEE g #2258
s&715Y &5 1A ARAETVTISNIA
e o | 08U BESRICO] FAFHT} (1999) (2014)
2z a8 :
ngen | ue
2 | &k A= A B | b (MES| A | DMRE | UM | A
& (=, MEP)
A 80[567| 00 | 137 [101]45] 00 [146] 8.1 65 | 146
EN 19.2[10.9] 7.6 | 377 [246[11.0] 100 [456] 197 | 259 |456
N 087(1.74] 249 | 51 1626/ 44 86| 12 74 |86
R 01247 lo1247] - | - | - | -
] 00855  [0.0855] - | - | - | - | o008 0.0 |008
QB EfRJEPRR| - - - - -] - -
o - - | - T101]45] 00 [146] 54 43 |97
oFAS - - - -1-17-1-1 o2 05 |07

FD) b ARE SEAA 2.
2) 1'=1k(=1E2.2 755} kg T=Z AASH
Aw: FPEEA(2014). "FE L AFFRY7EAR,; ER REAR(2008. 12. 23.). “109H Bt
719 BEyjuiEsfo] 34 4. (https://www.korea.kr/news/pressReleaseView.do?newsld=1
55328876, AAA: 2021. 8. 2.); o[-&7A(2020: 32). ANL-.

1o
D

Nl
ON
e
_\|1_‘
;
Mz
h—l
)
i
)
L
4o
Fl r
=

o] Aol H Y BHIF LS

4] 7V H ol FEH G 0r SRR A 8513 Y 50 FEH ]
£A3(2014),9) 7151 S ATIE 2 §5to] AE5ATH

=

MRS W& 7HEY AR s A4S A9t e S350A S7F
sl Qlth. 20199 7|& S5 AR vl b9 3205 mhe, R4 419t Bf
2, =} A] 1,1389F v, b 2271 19] 8,985%F vfg{ o]t} 20199 7k AZE
AT 6,5315F Eo|tt. o] T B A 7F 54.7%(3,571%F B) 0 2 7 o, 9k
2 26.1%(1,7069F &), A4 10.3%(6719F £) <=o]t}. 2019¢ o] W& EH 7I&E
£ 13E4@T He(de, AFF)E FESHE, 1FEHE) AT =5
7 41.2%2 7P won, 208 24.1%, Hl7] 21.7% 59 =02 worrh w4
(e, A7) EAAFL A 7E 72.6% = 7HE B o, 9F5-9- 18.0%, 2142 9.1% <=

© & Uehet.

g 1°

—
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7 IS 7HEANS uhEl 7t Eoldel wet S7Fskal Sl 20199
7hE R dAEFL 20154 tH] 8.7% 276t 1% 1 EA dAEFL 6.6%
Z714 o, H4= AR 9.8% S7F5 AL o]+ I EAjEFo] e H %] ARL- )

27} Bo] 37107 wholet,

(E5-3) £5E 7152k HHE 3%

%9 " E/A %

il B sige | mA HX| | -2 | JEPIE A7
TSRO 8,710 3,113 4,436 5,262 57 21,578
(@) 40.4) | (144)| (06)| (244 0.3) (100.0)
Tjasos: 6,989 | 4,093 | 27353 0 85 38,521
20154 ) R
e ) (81| (106 | 71.0 0.0) 0.2) (100.0)
7 15,609 | 7,207 | 31,789 | 5262 142 60,100
(2, &=, Mg 6.1 | (120 | (52.9) 8.8) 0.2) (100.0)
k= =LSEIVIET 9,467 2,912 4,983 5,544 99 23,005
(&) @2 | 2n| @l @) 0.4) (100.0)
Haupyos: 7597 | 3,829 | 30,729 0 153 42,308
2019 O R
(= S M) (18.0) ©1) | (72.6) 0.0 0.4) (100.0)
7 17,063 | 6741 | 35712 | 5544 252 65,313
&, =, ME%) 26.1) | (103) | (54.7) (8.5) 0.4) (100.0)

F 1) 33 A% hsisol 7 MEUHlke/ohe] DS FOHT 1902 FAIste] AT
D AEAEE B Tk SA Qs BIA, O ST EE FHSE B A 2,
A A% BIRSE AT,
A BAN( AW). HEFHEA, B9, Bk, A, B, 0, T SUSHABNZ AE). TS E
AW, A1k A FRRAIRAC01D). 0 AEFB 4D, ol $etel A

2.1.2. ZLY 24714 HIE

ron
Ofor

7y A ER

IPCC 7Fo|=2Rlof| A 7h=o] A Fet AF= 7t A 428} I ol A v l 9]
3 Ta A BYSh= CHA BiEAIE S/ Utk U=t &



RE S A4, B8, HA, &, 22, % 94 5o FRHG 20194
IPCC 7ol =2kslo] AAIE 7h50] A Wio] me CHA S AL RE 55
ol 41 2006 W& A5 Th A3 24 E ekl 87 2020).

F_Lu

H5-4) £3E YU L&FE29| CH, HiEAIS

=91 kg CHy/mE]- W

2z 1996 20061 20194 HID
IPCC XI&! IPCC X|&! IPCC X|&!
HA 118 121 138 IPCC 7|2Z4S0))
sl8Q 47 53 64 IPCC 7224(=0)
x| 1.5 15 1.5 IPCC 7|22k (M=)
L(HY), BA(UL) 5 5 5 IPCC 712 &L =8 =)
o 18 18 18 IPCC 7|22 =4=)
A 5 20 20 IPCC 7|22 A=)

F 7RG, 28) BiEASTE IPCCAlA AlFdtA] &2
X}E IPCC(2019). “2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.” ©]&71(2020: 37)°ll4] AQ1-&; T F 2A7IAZIHHANE(2019b). 20064 IPCC
A FHHE LS Az F7F 2A7FA AP 7N A e st A FFH A,

. 7FEE LA
A&BLAE % WEEE LAAAE CH (R} NOOHIsA)o0H,
IPCC 7ol Eetelo] i W& 5 Fujo] g shs F5S 24, T8-S, H,
&, 98] 50| 9lrhol-84 2020). §718% FAE A5 wt AU Ta 247}
AV 714 @70l A Sl ofs) E31E ) vjsro] WAISH, i o]
& 2T e gt Faksiel 2 IS AR WA N,07H 2
¥ 2AAAFEHEAE 2019). IPCC 7holEakelo A AA 5}
9H= CH(EH O} NO(OHISHA &) S A% <3 5-5>9} 2o,
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(E 5-5) SEY JIEE X222 CH, HiEAHI+

39 kg CHy/mH]- A

&3 19964 IPCC X|&! | 2006 IPCC X|&! H|T

M 36 58 IPCC 7|224(20|, 3tH(<145))

e 1 1 IPCC 7|=2g1(=0|, SITH(<145))
=N 3 8 IPCC 712%(MRE, StH(<145k))
522 0.078 - IPCC 7|224(EIR, BHTH(< 155))
SHMEA) - 0.03 IPCC 7|2a(M%I=, BHTH(<155))
HEA), 22 - 0.02 IPCC 7[=274(MZI2, BHH(<155))
AU(HY) 0.10 0.10 IPCC 7|=ZHHE =2, SHH(<155))
FAMY) 0.11 0.1 IPCC 7|22t(0HE=, BITH(<155))
El 1.09 1.09 IPCC 712202, SHTH(<155%))
A& 0.11 0.22 IPCC 7|2ZHE=, SITH(<155))

HA
1) 20199 IPCC Ao A& 715 vt 7tER A 2] dist viEAl7 obd 715 A% 9E 3
g 1P E v dwke] s WiEAISE S-Sk 9lo] AXSHA] ek
2) IPCC AR 9] Ei Ao W2 CH4 BiEAISTE ABet 7228 &5t At 35, -2 Uzt
2015~2019¥ B 7122 13E~13.5E % “<14%" 3+ 285k
Z}&: IPCC(2019). “2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.” ©-871(2020: 39)°14 Q& TAHF 2ATIAZIYHAIE(2019b). 2006 IPCC

A3 A EL SR Tt LARA AP TESH AT HERIA,

Aol 558 £ 2 siEsH e A2M)F AlAEE #13l IPCC 7Ho| =8l

. 19964 IPCC X|=! 20064 IPCC X|&! 20194 IPCC X|&
= (kg N/Of2] - ) (kg N/2 1E- (kg /2 15
ESIN 100 0.44 0.6
st 70 0.31 0.4
=S| 0.50 =N 0.63
=N 20 e 0.51 g 0.77
HAZ 0.42 HAZ 0.36
5 0.83 5 0.96
Gl 0.6 A 0.96 A 0.96
SA 1.10 = 1.12
Q2| 0.6 0.83 0.83

A= [PCC(2019). “2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.” ©]-&ZA(2020: 40)°|A A|QA-E; TAH LAVIAZITHRAIE(2019b). 2006 IPCC
A1 FYALS Yot I7F 2A7EA A7 TS} A FEH A



72 Y BHE AYRYoN SF5E oA #iEshe omtetd A
(N:0)FZ AlAFs7] At IPCC A 2 v &A= <& 5-7>3 .

B 5-7) £5Y /152 XE2E9| N,O tiEAH I
49 kg N,O/kg N

o 199644 2006\ 201944
=S IPCC X|&! IPCC X|&! IPCC XI!
] A 3120 GiX| 0.005
O BIA A 0.001 0.005 SR
o 22 0.001
) A, SR, HK| 0.01
E|H[3IAA 0.02 0.005 SR
o 22 0.001
A, 3192 EfX| 0.005
JIE AN 0.005 0.005 SR
o 22 0.001
%2 20194 [PCC Ao AL 715 vle)g 7}»%315431011 3t v S A7} ol d kR A uhHE S
4 1FE wj ol i wiEAlsE AlAstL Qlo] AAISHA] e
A& IPCC(2019). “2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.” ©]-&7(2020: 40)°14 AL ZHAFF 2A7IAFFHYHAIE](2019b). T2006E IPCC

SRER T HOP 7 LAZRA A7 TS A AR A,

7

—_

S-Sk ool mpet FoF GAS S dlg 71 2ATEA B &S A5
of 3t} GAEE2 AP H ZAFE CRF(Common Reporting Format) 2 =715
14 (National Inventory) B |2 2okl WAL $8]0] A &3of gt 27} <)
#lE 2] 2L PCCS 2] Fo] 7] 230} 5}0i, F7} 240712 ML IPCC 4
2 A} 27} 60 S 48T 5 ArHEAR LARAF Y RA
2019a).
72020 =7} 2A7EA JIME D] HAA, (S5 SA7IAS I EAH 2020)
of G, FAktol 2ATIA BlEF2 S7F FAlolH, T AwoF 247 HlE
0] 44.4%7F SAFROCE LI, A% R A el)olA Bt 9k ekt
9] 2018 2A7tA ZuETF(LULUCESD A 2))& 79 2,7635F EC0,eq. 500 2

ol

B

50) 7|ZHst0f| st M2 7F HX|(Intergovernmental Panel on Climate Change: IPCC).
51) EX|0|2 H#Ha} U A (Land Use, Land Use Change and Forestry: LULUCF).
52) X|72435IX|2(Global Warming Pote)S 0| 2dl HIEHCH,) 1t OFMEEIA(N,O) S ZH2te| 24
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20003 Hv] 44.7% 5716t AT 201849 &

COseq. 02 -F|et ZHI &) 2.9%F AHA|oF3I T SAMRE

2 9419 & COzeq. (Ut FHIEHL] 1.3%) 2= o] T A Tar 4479 &
U

COseq., 75 e A 2|0 A 494K £ COzeq.0] HIEH A2

(E 5-8) SAHEE 2UTIA IS Sig
o9l A E COzeq.
I 20004 | 2010 | 20154 | 2016 | 20174 | 20184
UIEW 411,797| 566,120| 600,697 602,661| 615,657| 632,375
Mz %A 409,128| 562,310| 596,903| 598,727| 611,641| 627,908
[ O= so/EMe/9Y 6,581 3,883| 1,509] 1,119 949 996
er= 2,669 3810 3,794| 3934| 4016] 4467
(@019 %%%;%i@ﬂ% 5 50,868| 52,951| 54,282 53,232| 55,929 56,974
=g 21,369| 22,071 20,784| 20,810, 20,958/ 21,191
Z4t 7,248/ 9,065 8,931 8,822| 9,062| 9,407
L Hs 3,377| 4262 4339 4318] 4,400 4,471
A 1,341 1,078/  1,072| 1,043] 1,022/ 1,008
58 1,708 2,829 2,908/ 2,903 2,975 3,046
ZHX| 257 309 319 328 354 358
TEPEE, g4 28 70 47 40 44 48 58
&R X2 3,871| 4.803| 4592| 4504 4662 4,936
A 884 711 671 635 639 640
e 1,100 1,822| 1,838/ 1,768 1,792| 1,876
x| 1,090 1,314| 1,166| 1,188 1,375 1,400
== 542 816 790 773 700 829
JEVEE A TS 265 141 127 139 156 190
4z 14,121 13,0068| 11,853| 11,988 11,896 11,784
B it 8,046/ 7.836| 6,793| 6,727 6,550| 6,297
SAXNEY 5153| 5,151 5,044 5246 5331 5,472
AHETAAZ 22.26| 18.62| 1598 15.13] 1459 14.82
LULUCF -58,402| -53,845| -44,362| -45,559| -41,489| -41,286
7= 18,831| 15,181| 16,552| 16,832| 17,205 17,092
ZHIZ2H ULUCF H|2l) 502,865| 656,323 692,315 693,535 709,749| 727,632
2HiS2HLULUCF Z&) 444 463| 602,478| 647,953 647,976 668,260| 636,346
A5 SR

TA IS TRIS

2ATIAES A HAIE(2020). 2020 57F A7 HEY BuA & o8-8 A3

O|AFSIERA(COY) 2
21, N2O7} 3100]tt. & COzeq.2 HIEH(CH,), ORMEHE
SHISH HHEY THA(OIMelEHA BtE t= EO2

Shtet 4 9T},

|—_rlg'“f§f E=
2(N20) &
S=)0Ict.

= COE 12 = Il CH47t

o SUIIAS OMBIEAR



2.1.3. FAY AF(YZLIO}) HHE

o
Okt

B35 S AR A AR AE o o2, 20189 Sk} 7] 0 B2 BF

8| &2 FAHE-S A 95t I 20104 tiu] Z71et A o2 YEhdth 1
S SA1] oFet I E AEYOKNH;) &3 201075 A<tk 0.48%
2 S7FH .

(8 5-9) Qa|Lt2} 7| QBT 1S 343t
o9 £/
QlALS _ o =Ho 0|k P—
i 2 sz gasie | ST | ope) m' ] _HE8 | oo
HiE 25 e 23 R | Q7IEHRS

(CO) | (NOx) | (SOx) | (TSP) | (PM10) |(PM2.5)| (VOC) | (NHs)
20104 766,269/ 1,061,210/ 401,741/ 177,601| 116,808

866,358 289,766

20154 792,776|1,157,728| 352,292|604,243| 233,177| 98,806|1,010,771| 297,167

20164 795,044 1,248,309| 358,951| 611,539 233,085| 100,247|1,024,029| 301,301

20174 817,420|1,189,800| 315,630| 592,582| 218,476| 91,731|1,047,585| 308,298

20184 808,801|1,153,265| 300,979|617,481| 232,993| 98,388|1,035,636| 315,975

"10E~"184

ofmR =712(%) 0.30 0.46] -1.59 7.17 3.91 - 1.00 0.48

A @R FTHIAHEAGRAE Fwo]A]. “uiEs HA. (http://www.air.go.kr, HAY: 2021. 5. 18.).

rlok

U SO A FHSIL = - UE S5 AR Yol HiEA ST
<3 5-10>7} 2t R4 PR Yo} v &A= 24.6kg NHy/UHe|- HO &2 9 &

T BolA nt g HjE=go] 7P okt SE-9(Yutd)= AR E MiEA ST
THE =Y, 14 vyt &olA= 11.8kg NHy/mFE] -, 1A4]~24] |92 14.0kg
NHy/m}2] -, 24 o]/ 16.8kg NHy/H - 0 &2 AR 7} A 50| F-7}19t] whet
Hj&2Fo] Sojdtt. Hx] 9] ¢t Yo} & A4 = = 4.4kg NHy/mhE] - |, S4
= 8.7kg NHy/1t -4, H] &= 11.4kg NHy/mHE|-dolH, A5 2 APE%LO% o]
7P B2 HE2 21.4kg NHy/mH - doloh. o] FE Yot B &A= =R
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0.28~0.37kg NHy/ul2]- A 0 & A A5t Q). &
FEEZF(A, HAL G 5), FE0ES, W4, A= 5, A%, A7 5ol wel o]
]_

7k A

(E 5-10) SAEE SFYE ADL|0KNH,) HiISA IS
9] kg NH, /1t - @

of@Liof ot@Ljof
= =
s e s e
E 24.6 N 0.37
(=Rl 1.8 = S 0.28
& sige
@ory) | 2O 14.0 e 0.32046
249 0l 168 | 7IEVIZ | Qal/79)/EBE | 0.92
Rr=(27112 0]2h) 44 | JINZ 2/ A/ 5.1
S8=(2~47112 0]2hH) 87| RIsE | YI/HR/E7 1.69
=N i)
o= 11.4 2 25
(4-671f2 DRt 2 E7HEd OFs 230
DE(6742 01N ) 24| 7 A 11
I AL /L 0.46 10| 0.83
Ag: GHR F7PAHA G R AE (2020: 243). 27 U712 GEA vl APgE HE(Y),.

ZarRofe} el 7] QB AL By palo A WiEE] QHR U of(NH;)e}
T2 WA A (& ReRA, B, 2uAEA)7F oLtk 20189

2419102 Q1% 7] 9 G B A WiEFS YU OKNHy)E @17k 235 211E0] ],
FTHE-FEX(TSP)Z A7F 35t 3,898, HIA|HA|(PM10)= A% 1]F 1,325&, 1]

20189 229 QU ol(NH;) BI&ZS FR]7} 109} 6,119/ (46.1%) 0.2
7V worow, theo g 71 63t 4,397E/4(28.0%), 329 41t 4,787E/4
(19.5%), Z2 19k 345/ (4.4%), 7|EF2AL 487459 (2.1%) 0.2 eI T
5-11>.
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(E5-11) 20183 SMEE IV |*B=E HIEY
ol £/

weame | o |EausE musg) 7F owe T FEC lamuol

oy | N | B0 | qep) | PMI0) | oyr ) "oy | NHI

ISP R EN 69,972| 104,420| 65,868 4,305 3,975/ 3,308 9,161| 1,626

&t A 58,172 87,599| 16,566 1,439 1,269 890 2,936| 1,414

SETAGAE 743 3,032 827 244 224 135 44 119

=9 0 0 0 0 o o 0[240.777

HIEME 52X 0 0 0 0 o o 0| 19.566

S| 0 0 0 0 o o 0230211

BS2 0 0 0 0 0 0 0| 44,787

7N 0 0 0 0 o o 0 10,034

%] 0 0 0 0 o o 0[106.119

3 0 0 0 0 o o 0| 64,397

T|EE 0 0 0 0 o o o 4874
HAHK| 0 0 0] 427,916| 112,472| 18,025 0

Iz s%Es 0 0 0 27,778 9,572 1,914 0 0

I5ENES 0 0 0| 33898 11.325] 2,073 o o

oIeR 0 0 0 2222 741 494 0 0

A 0 0 0 441 147 94 0 0

4| 0 0 o 11850 3953 646 of o

R 0 0 0| 19.376] 6484 839 of o

20184 T 808,801 1,153,265 300,979| 617,481| 232,993| 98,388| 1,035,636|315,975

F D) FEFEA 3EAAE B B SYA E4(Total Suspended Particles)ol2ti e gt

2) 7haole . QE], Az, A7t ZotE o] Sl

3) 7|EHEARE (YY), G, T, A, BalsE(Y3/A/EX), A, 1Fol7t Z3t= o] 1.
A& TR F7H A ARG EAE glo]%]. “iEsF AA." (http://www.air.go.kr, A L: 2021. 5. 18)).

2.1.4. 2 SELHESTE HIE
—::.75]1?‘ T#—Qﬂ%%—%"lﬂﬂgx]@joﬂ/q Xﬂ ]0]-57_ o] —T—@Q%ﬂoﬂ Q]‘c:ﬂ_— 7}

Sk W4 R3F YLE BODY A9 Wavh ssegrtel Az g gov, o
SO ALY 52g/oke)-o, T 259g/}e]-Foleh. TP A Rt A

£ HA7E 7P Bon] 39, W, K] 0% WlTh<iE 5-12>.
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Bl g/t

= = HA e o Xl | ¥ARE | M 2
BOD A 556 528 259 109 10 18 5.2
(WS sHy ALAQ TRl 111;|¢ 117 67 30 32 3 4 0
k=t 439 461 229 77 7 14 5.2
T-N 84 | 161.8| 1168 | 776 | 277 5.8 8.4 1.1
(Total Nitrogen, i 635 | 400| 267 | 149 4.2 5.4 0
EZ4) IS | 983| 768| 509 | 128 1.6 3.0 1.1
T-P A 56.7 | 36.1 240 122 0.9 1.6 0.4
(Total Phosphrus, 4= 10.7 35 2.3 3.3 0.2 0.3 0
£90) S | 460| 326| 217 8.9 0.7 1.3 0.4

g 2UEAEHA(2014: 42). "$ELASFHH7IEA,.

H 5-13) 2018 £5YE $+HQY HiEFoIH

w9 A B4

o |72 |wse| A | 9N | w0l |ZkEpis| s (SO SHE

| 06| 01/ 05 0.4 0.0 16 4,411

BOD HE | 56.1| 7.8 426| 33.1 04| 1400 383,442

(M5 A7) - 56.7| 7.9| 43.1 33.4 05| 141.6 387,854

=7 140.0)| 5.6)](304)| (236)| (0.4)| (100.0) -

| 01| 00| 02 0.1 0.0 0.4 1,050

=P o® | 30| 06| 38| 20/ 00| 95 25918
(Total Phosphrus,

o)) sy 31 07| 39 2.1 0.0 98 26,968

31.6)| 7.1]39.8)| @1.4)| (0.0 (100.0) -

2 PARA REQ020). H9E THLALT FUNA,) oAU S HE 5 FAAS o 4]
2 RYTF 5 1SS vhsiet 35 SU0q MRS G09S ol 84 S3uR iEst

2 R,
A5 AR AEBGRAN ADNGES, 2, HA, &, 28], Do} SAZAAER T IEEAG @

)Y, 41, A1), FUBAHSAC014). HEL BEFTE 7 $A,, ARA 252020,
9% vld oANTe SN, 2 ol g B,



71 =0, SS9 27.4%, F= 27.2%, 7HE 26.8%, U5 25.9% 4O 2 LEF
A

(E 5-14) St 3 HELAQ| itont HI71X|

20154 20184
Ho =y AlAtoH(102] 2) BIPIRIE(%)

T ety | THIE 15 o] 15 o]

e (%) SUE(%) Z2(%p)

Lhe 2,591.1 254 2,444.7 -5.7 | 25.9 0.5

8L 4.655.8 22.9 5,154.3 107 | 274 45

210 = 6,533.4 | 365 6,455.5 12| 272 -93

== 2 5,108.9 | 379 4712.6 78| 26.8 -11.1

7Bt 624.5 50.2 7335 175 | 524 2.2

BRG] 19,513.8 | 326 | 19,500.6 -0.1] 27.9 47

A2 11,030.9 13.8 | 10,414.9 -56 | 121 17

ZM ojorz 17,849.3 46| 226260 26.8 | 42.0 0.4

St =g 71 3,346.8 23.6 3,534.3 56| 215 2.1

A =210{2MH|A 1,132.7 53.3 1,115.0 -16| 515 -18

U IIE2RX2 | 3,557.8 63.0 4,346.0 222 | 63.2 0.2

HsE 7,569.8 16.4 7,468.3 -13 ] 16.2 0.2

24101 229l gJm=E | 20,793.8 9.8 | 21,355.9 27| 1.7 19

oy SAgZE 65,963.8 | 36.2 | 72,942.8 106 | 35.7 -05

oy | 121,244.7 32.6 | 151,469.0 249 | 322 -0.4
i B EICTESPST =

(S g mah 3,049.7 28.0 3,174.0 411 209 -7.1

AR $=-235(2019a). 2015 AFAATE-AE3E,, 3H=4-258(2020). 2018 AMA AT -3, & o]-83) 24
[ei3
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B 5-15) 20184 SYSARI| MM U IP7}R| QUET

391 109 &

ERETE: ShRRga

| =1=] = T = I

= A el PN IS
s 231 24447 56361 0687 6342 16798
EET) 227 51543 11.7024] 0677 14125 34907
ENS o= 228| 64555 147270 0702 1.756.1| 45324
= 220 4.7126] 103541 0669 12610 3.1535
EEY, 180 7335 13198 0800 3847 5934
N2 180 104120 187560 0457 12642 47606
i ootz 172 22,6260 388251 0723] 94996 163498
T | zugm 212 35343 74770] 0620 7503 22218
Aol | SHOKAHIA 178 11150 19809 0842 5740 9388
B X Feie] 158| 43460 68751 0867| 27455 37682

(IEERAE 23 ' ' ) )

- 246] 74683 183954] 0679] 12079] 50725
suo | SEASINBE | 277 213559 501123 0692 24982] 147709
o ENEE 174] 72.942.8] 127.063.8]  0.668] 26.047.0] 436213
v o 217 151460.0] 328,6459 0.788] 48.711.1] 119.387.9
TT | HERBANES | o0 59740| 5516 0515|6620 16349

Olguem | 1 STAO 518 O 0 e

A B 180 0.714

F: P-4 B2 o] §oto] A&,
A AR A,



2.2.2. SLUEZ O X| FiAH 0t

20189 $4H50) oi] %] FUoIL 4,1609] Polni, HF WL FEREO|
13399 o] w0l /g Bk, the-0R B%S 10539 U, 7H 1,0482]
A, 35 6019 9, 7IEHSAE 1289 ¥ 20 2 YRt AR oy A ¢
FUH2 Ho] 3,421 oz 7P wokow, a0 2 ARAlE 4509 ¢, 4l
A7) 1869 9 59] 40 Vebth

H 5-16) 2018 F4t L A9 ofj X[ FUH
91 109 9/
TR AT N
[=1=1 MEHHI= | MOMHI= X2 A St
s 0.0 3.6 0.2 53.4 2.9 0.0 60.1
= 0.0 8.6 0.1 91.6 5.0 0.0 105.3
- U= 8.3 12.6 0.2 106.9 5.8 0.0 133.9
2419
= 1.5 17.4 0.2 81.3 4.4 0.0 104.8
J|EfEL 0.6 2.8 0.0 8.8 0.5 0.0 12.8
e | 10.4 45.0 0.7] 3421 18.6 0.1 416.9
= A 12.1 438.8 03] 2572 14.0 0.3 722.7
A A 0.0 23.9 0.2 33.3 1.8 0.0 59.2
o A 3.5 975.0 5.9 1371 7.5 0.7 1,129.7
e ey 506.3|59,289.0 7,330.9|52,599.4| 2,676.6|21,297.1| 285,665.6
i) o i e et B it Iaes
RIZtAHIX|IZ 38.7|15,320.5 1,588.3| 7,744.7| 744.4| 7,554.7| 34,220.2
A 545.1|74,609.4 8,919.1160,344.2| 3,421.1|28,851.8| 319,885.8

F 1) A7 4 H{AE SolA YR 2ED)2 52F 4 71E 47 8AREER 7192 A5 AR A
|71 Eohs &4 2 ARSRAES 4R E ARSET] gzl ofu Aol A<je
2) oA Y (R, FAE), A7, FAZIALNG), HollvR|= S4tdol] £Ydo] glo] M= AA|
SHAl FoLt, ARl ZdE o U=
g e2-38(2020). 2018 A ATRE-AFH,E o8 A

72020 =17} LAZIARIHE ] H 1A o] oJohd 2018 AZF - uhatof A

Hl&E LAVIALE ST 712 72 2,7639F E COeq. 2.8, o] Fo|lA A7 o
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Aof| 2 2A7EA B ETFL 69 2,7909F E(86.3%)0]
E(7.8%), =0 A 2,1199F E(2.9%)0] H|&= 3T}
29 2A7IAE AR A4 OE HlEY 7S Y YRl SR

Qe 2018 AR O] Zu|ETFL 9517 & COseq.0|

FA

A2 Qe sE&E
o, Boldg =g 4R 11

& COszeq.0] vl R

(B5-17)20183 SM Y A

TE 5

L=

31, AFATA ol A 5,6974E

CH Tt 7HsE A 2])of A 9414t

@9 A & CO2eq./9

w2 ML o | uiucr | moie | ame | sue
olzeir | g2 | 33

sazaMei sl | 3534 0 0| 21,191| -41,603 0| -16,878| 24,725

SHEMY A 996 0 0| 21,191 -41,606 0| -19,419 22,187

Lts 71 o ol 1648 0 o 1685 1655

sige 1] o0 o| 4922 0 o 4938 4938

i %= 40 0 ol 1758 0 o 1798 1,798

o = 36 0 of 829 0 of 865 865

J|EIEAS 6| o o 250 0 of 286 256

Q! 37 18] 0 0 9407 0 ol o512] 9512

=1 8 ga| 0 o| 11,784] 3,990 o| 16,620] 12,630

2101 &1 a5 0 0 o| -4559 0| -45,551 45

02} &7 2538 0 0 0 3 o] 2541 2538
Q! 371

(Eimgue ) | B94076| 4.467| 56,974 21,191 -41603| 17,092 652,197 693800

DIZIAH|KIS 33833 0 0 0 0 0| 33.833| 33833

& 627,900| 4.467| 56,974 21,191| -41,603| 17,092| 686,030| 727,633

Z 1) AR YRR L7k BERAR b S WA SAPAFIHHAE(2020). 2020 F7} 2
A7EA QIHE BuA, 0 AJREE 2A7IA HlETE AR AJFEE ouAdE BN BlES
o] 85} Ar=3}.
2) <=HiEF=> LULUCF Zgto|™, Fui&2 LULUCF A3l
3) LULUCFK(&A|°l§, EXo]-8#3} 9 A) 2oke] 2A7tA wiE 9 4% 5 A= dd782 '3
Y, YR RROR 71Fsgon], B4 mwﬁk— A= A7) WA Dejs] iR, 2AE 7|AER
£O2 7RGSO, AL AYFEOR BRI o] GAVE Qo] Folge olgom 1731,
TFA L SR AR AR RO 7 7]—16‘;]—
AR LAIVIAZSHY EH]E](ZOZO) 2020 =7} &A7EA 9
r2018 AIYATE AGH,E ol Z4T

A& AMlE2] BEuA,ek $H=-23(2020).



N
O
Ll
R
f
Nr
ﬂ
mb
N
)
[>
=
i
(o
L
do
rm
®)
&
[¢]
Ne}
1=
rd
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2
ol
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(]
O
i
o0
il

@4 E COzeq./HTr €

72 s | @8 | %= | 2 [JEEM | sMymE

& 2404 0.677 0958 | 0.278 | 0.184 0.350 0.489

A=Pid 0.003 0.003 | 0.006 | 0.008 0.009 0.006
NS

(B 25, 71E2 R 2) 0.674 0955 | 0.272| 0.176 0.341 0.484

rfo

241919] LA} WiETHE 0517 E COseq.0]Hl, 2578 AT E0] oJt
M7hAE B1G0E FASP] Slo) LAVA BETAGY A HAQ018Y 2
2263WEPOS HAEH AET H4A] LATA V]G 52,1189 AR
4239 9, 7P ARRTHY 2,004 €) 02 HAH AALRe] 11% SFolch 55
8 AT A A7 1] Go] AASHe HIFHC/A)S TE97H213%E 1 &

o, o302 Y5 1.51%, 7|EF54E0.78%, F= 0.62%, 7 0.41%= LFEFSITE.

=

re

[¢]

54) 2HTIA HISHR(E/HEE &) = A MH2 2ATIA HIEZHOIMSIEA He| gt He &

COzeq.) + A LHHQ YLrot(THe|: Hiat )
55) AR HIPIXIRLA = SUT SN HAZ ALET| B0l FLUA2 TS HMAl
OfX| 40t SBICH T12fLt SHAMALE =4

o SUTIA HIERTIPIO ZP MBS
A

=

=

[

—
odt
T

O

AR

71EHI )2 MY, 2AVIAE HEYR S VIR TAE T2t 2aVtA LA
0| RIS MAIZ Q7L U 0] AN LASTEE U 7IF(H ) o2 AEEACH,
2A7IAE HIEZH(E)2 = TAIEO et 247HA BiE2E(Q] Hels & COeq. /M2 A(EE=

CIO|E StAtet 42 g CO.eq./2)O|CH.
56) IS AR HEZHZ 2020.; 0[2ZA(KIRIL). 2020. p. 89.
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@9l H E CO2eq./9, 109 9/9, %

= Ys | @82 | U= | B | JEEM | suew
}O1 AHAOH
”"“ﬁ(HA)%"“ 04447| 51543 64555 47126 7335  19,500.7
AL HILTR
Xm'“‘?B)# P 634.2| 14125 1756 12610 3847 54485
16552 49382 17975 8648 2564 95122
KEAIAY 2ATIA HiEE
(100.0)  (100.0) (100.0)] (100.0) (100.0) (100.0)
7.2 162| 395 358 6.4 105.2
o2 oA
0.4) 03] 2] @yl @5 (1.1)
ol 16480 49220 17580/ 8290 2500/  9.407.0
(B 25, 7152 ©6)| (997 (@78 (©.9| (97.5) (98.9)
KIHRIAR 2A17IA HIREH 36.9 109.9 40.0 19.3 5.7 211.8
© (100.0)  (100.0) (100.0)] (100.0) (100.0) (100.0)
02 04 0.9 08 0.1 23
o2 oA
(0.5) 048 @3] @ as (1.1)
oy 367 1006  39.1 185 5.6 209.4
(B 2=, /=22 ©95)| (97| (78] (©59 (982 (98.9)
C/A(%) 151 213 062 041 078 1.09
C/B(%) 5.82 778 228 183 148 3.89

ZF: & A v 201849 24 2,263 Y/E-2 H-85}o] A&
Ag: B Ao A ATEE 0]-8-5) A&

o A0 HFW FARE] LU WiE SRAINLAA S F1
SOV FFE P 1RSI ) 7 <19 ARle] J g M o2 e
LATRA HETHE)S Julst, AR ] YA S0 w2 AH A 247
2o WhEFIE AVZE A 70 TFF ] S e AR Rl A ST 2HE A

57) O] G719 2&7tA HiE REUF M= "YU DA | YMREH o MURZE 2HTIA

HIESRITHQIZ 0|28 =E0IRCt.



=

24919 558 A AR RGN TS E 2710 AR AAR S
AT 9SITE E COeq.0lm], AAAY LA7EA H G2
AH9io] itol T RAM (AL, A

S)E AAete AR Z(ESAAY AN T F o2 e 24AVRA
A

ul\)
19
e
lo
it
i)
-,
i,
)
v
o
e
A
¢

oH
@9l A & CO2eq./ ¥, 109 94/9, %

E Ys | 382 | UE | V2 |JEEM iﬁ?
KERIAS 1,655.2| 4,938.2| 1,797.5| 864.8] 256.4| 95122
HiEE 174 1.9 (89 @1 @7 (100.0)
i Ef A 626.2| 1,223.4| 1,498.5| 9749 113.4| 4,436.4
o B UHE R | oo,
(B € COeq./2 =wee (141)] (76| (88 (220 (26) (100.0)

ATA 2,281.4| 6,161.6| 3,296.1| 1,839.7| 369.9| 13,948.7

HEXRLE | (164) @42 (36) (132 @7 (100.0)

RERIARS 36.9] 109.9 40.0 19.3 5.7 211.8

S/t HIE (17.4) (1.9 (189 @D @7)] (100.0)

2215 B} Aoy 139 272 334) 217 25 98.8
HIZ L HIZ QLU |00 b oo

(100 o/ |EIRERREN (40) (@76)| (338 (20 (@6) (100.0)

EX-INPION 50.8| 137.2 73.4 41.0 8.2 310.5

A e (16.4) 42| @36)| (132 @7 (1000
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S RIRIA FAF AIE 0] &5t o] S A YA Y S AR A}, F4ke)
M AT 7D Bt A=A HZ 29,1919 0.2 4 EHoH, A &2
AFEFH 9] 95% AlFF7He 7FT 25,868 ~32,330€9 0. 2 A ] ]lc}. o] Ao
A SAEFH W82 Akt A S FIRt Al AR S flSl ER R EELE A
Eot17t oh= S H O SHRIT FAHH S SR A EAE = gt EE
g 9L 7Y Hat Aol 20208 -2yt S7H 21 2,

It 55 Foto] 1 5 9lon, A7 6,2729~7,3789] Yo.g2 AEE QI TSS)

M2 AES] Aol 558 AR TS0 S ol v
SAS(<E 5-102)2 0] §3to] 558 YEUlo} BT Asto] 55 o
H]-8-2 ej RS S419 GRS B 230 211 E0|n, £ v 52
FE0] 46.1%2 71 B, TS0 2 T} 28.0%, TS 19.5%, 5 4.4%, 7] €L
£412.1% o0tk 53 o] v.8-2 GFEo] Hrf 34019 Y02 A4 A3, o
202 7FF 20649 Y, T&S 14359 9 £0.2 FEH e

A
S
12
:D_'f
)
ol
o

Nr
o

4945 2P = = 7[ErEM A

(1 0f2)) 407 813 17,369 | 1,072,299 7,138 | 1,098,027

=z ot |0} IS 10,034 44787 | 106,119 64,397 4,874 230,211

(Z, %) @a | (1985 | @61 (28.0) 2.1) (100.0)
S E|A 27,337 | 122,020 | 289,117 175,447 13,279 627,200
HI 7o

(HHRF /) Z|t§ | 32,158 | 143,537 | 340,099 206,385 | 15,621 737,800

Ag: SFF I ARG EATE iﬁﬂolxl ‘o A4 (http://www.air.go.kr, HHL: 2021. 5.
AR ). 7SI TS, e, HA, §, 28], T FESERE 4). 7IEL
8. B, AS A 2 A7 917341 AHRE ol &5f A&

HOPEPIZ I3 71RY BR KBS SROISH AIQIH) M40 225t 2D
U 22 (K2 3)0] HAIBISIC

H5 Ehtlol srers 2 | 141



2419 A3 Arolof

=

AL} Hlgo] A5 v

52 32~38% o2 Y

!
e} 2282 oFEo] 4.5~53%2 7P o, the 0 2 7} 3.7~4.4%, 5t
902 4~2.8%, 7|EFZAF1.8~2.1%, S 1.1~1.3% <=0|T}.
(H 5-22) =5 Ao} SMOLE| H|E
291 A1) 9/
= O | @89 | 9= | U2 | JEEM | ENa
R AR 24447 51543| 64555 4.7126| 7335  19.500.7
25| @64 @31 @2 @8  (00.0)
] ) 6342 14125 17561 12610 3847 54485
KRR 2717 ' ' : ’
P S7171X1B) a6 @59 @2l @nl  @nl (1000
10,034]  44.787] 106.119] 64397  4.874] 230211
otBL|Of HISEH(E /A ' ' ' : ’ '
AE=LOF BHE(E/) @4 (195 @61 80| @1  (100.0)
EyveTey A0 273 1220]  289.1| 1754] 133 627.2
©zLop g | ) 322 1435 3404 2064] 156 737.8
aworc | /A 11 2.4 45 37 18 32
D/A%) 13 28 53 44 X 38
) C/B(%) 43 86| 165 139 35 M5
= oH CHH
TR E B 5.1 10.2 194 164 41 135

Am: 2 AT SPAYAURS

ol-g3f At

FH(YEYoh HiEde e 247 HiEedDd e TRV A 2 558 SA4

BEo] A 1R )

A]

v & A Tho)(E/a Tt 9y th-2 3k 2} 20181 2 24

Fe T Eo R AHET o vl

ko) (& a9y oF

Z7tol W2 (@R Yo MEHE)S tehi:
2 o) 4 9tk 20189 Yo} HjEHE 71%% A& gz Lob

©] g o} )&

=°] 0.016°.2 7% 3

o, 7}20] 0.014, 3+ 0.009, 7]EFZAF 0.007, U5 0.004 220 & LFERTH
(H 5-23) £3'E AZL|OL HIE 2T
o9l B/t @
53 s 382 = 2| JEEA | sMyE
YZL{OF
B 2Icro) 0.004 0.009 0.016 0.014 0.007 0.010
Exajuyy
Az B Q70 WIIATIES o} 89 A&
50) OO HEE IS0t 2) = AMRIO] UDUIO BHEZ(E) + Abtlo] MAOH(EISl:
01 2



s

2.2.5. &3H|IEZ 125t S| EIIIX| HI
FAY O] BIPIA| = 5X 44859 YolH, A AJAtHo A ZA|st= H|S
(BH8)2 27.9%0]t}. 01714 H4F 0] SA7EA BT} Z41oLE 1 82
T EHH AT B E 4R 6,095~ 4% 4,9899] Y0 2 7HAGtH, B}
A& 4.3~4.8%p FopRI Tt FAHY o] AALEk o 2 B} Ao 4| o] A 7FA
H]-& 339889 ) 1S HG FAY O] BIPHA| 8L A& o W
o}zl c}.60)
H 5-24) StAH|E2 12{5t SARIQ| 2I1IIX| H3}
w9l 419) 9/, %, %p
7= gs | a8 | %= | 2 [7EEM| EMelE
- KERIALR] A Atot(A) 24447| 51543 64555 4,712.6| 733.5| 19,500.7
7 PS
gﬂr KRS £717LX|(B) 634.2| 14125/ 1,756.1| 1,261.0] 3847 54485
HII7ERIS(B/A, %) 25.9 27.4 27.2 268 524 27.9
317012 ZA(C) 642| 2319 3291 1947 19.0 839.0
A ZH(D) 69.1 2534 3801 2257 213 949.6
PRI 2 AT EA
ety 369/ 1099 400 193 5.7 211.8
saig RGPS 0.2 0.4 0.9 0.8 0.1 23
(AL g, 7t
w2 36.7| 1006  39.1 185 5.6 209.4
e EA 273 1220/ 2891 1754 133 627.2
o
HIR A|H 32.2| 1435 3401 2064 156 737.8
S174H|2 R12 2711RI(B-C) 570.0/ 1,180.6| 1.427.0| 1,086.3| 365.7| 4,609.5
| HIIXIS(B-C)/A, %) 233 22.9 22.1 226| 499 23.6
S| X2 £7171X((B-D) 565.1) 1,159.1| 1,376.0| 1,035.3| 363.4| 4,498.9
| HI171XI12(B-D)/A. %) 23.1 225 21.3 220 495 23.1
QEEAN BINEIPIXIS el %p)| 2.6~2.8| 4.5~4.9] 5.1~59| 4.2~48| 25~2.9] 4.3-4.8
g 2 A9] AR ATRE o]-8-5f AETh
60) AtAAHAQ] S ubEETr OfL|2t Ef AHR10] O|X|= FEMHA| Zatst= Mg g ots (B2 4)0) HAIStH
HI5E ZAt10| SHAWSE EM | 143
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(E 5-26) 32 SARH MUS o thete] HFHUS
=

3| Oier |EEXE HAHUZS 34X 3t &F 53 H[x
[eJel 7+ =] ol QAl
Hlojljr B Xlt”'ix-lg 0|S} +J—LLI' )\I-Eﬂl =0 T'__-ll-—l- = |_E7|' E:LI‘” 7H]1:IJ1|‘
= | zh1az STIE TS 00| 5H IO sl2H A -etmL|op w2 E =
o= < HIS7IRHS e DEH 19 Ot | st A7
sto (GEHE M7t I3 | 5 44
[eo = =
ANZGE SH ATT7| MAZECH|
M | 9 o) EHch’f;% =[FUY BO(A=H HY bl u;;‘éjr TIEIN A7 |
SEAL =x|2F U= Olg_x TEA T T A
oo ox‘“o 7}) T'_‘-lllx-IEIH ) A HH% 17:||'—+— EJ—I' gﬁl
AR CE 7|
SMI|ZH| - _ | A0 BIHEA SMHIR TS =
=l [ o = =
o | SHERRAMNDIE Y| (o) T S gy U B B 2IMQ I o
- - A7IA HiE A
ARAD BA ZRA B4 ﬁ%; BU(RA Z7HZHHA S| BA S0 HiS
3| LS [Eain S S0 S TS B, HA Bt 818, ARH|, |2 9 241 FIS 2 42 O]
°° 2k 22 Z4) HiE A AVle S A
gllxl'gl _":_%f I-I)\ A|— |-§\| JDI- _/'\_Olg ZEH(AfEE?:} ?:r ;g_jt @A._"—?— _I?__[II o_Ln_ = AH)\}EF _II-I
— = o y
AL Atoat & NESS o S| ZA) H 27N HE | (RRHE), 7R
S TTC |(RtHME Sy T FUn S AP il O
2= EEANSIE| . 4
SRl| AAr MSY 2= AMSORs o0y SHM=H] 2, JETL ol 24l SN AL
e S rees 22/ Zh) FITNTEEI 713t A

o] A7-9] 7t Aol I B He] ¥ fl= <™ 5-6>3F o] 79| AR
= Wz oty 8 FUE2 AR 2AMR, & 5

S YFEE FUFE L. 4R 282 7SS £ ke, 24T
£(C|AFFEA(COy), HIEH(CH,) &), o 78 =20 $EYOoKHNH;)o| o

(22 5-6) 715 Yo Y72l Hel 4

olitstEis
(COz)

J"'— o) oy
by

AbE (HHEEALE, EARE,

b ZEH, o, TR 5)

AFSTHAE 7= EiHE
AL 7= =53 72 L]
==, c; 7}XJ¢H|

COz W‘ ; ] )
Mﬂ o angau | ERME [;;j‘% a1

cor JIEL SUS J ‘ JsEL Ny ” ‘ 5|-H|oHH| ” ‘ EAREY ”
i 1 ‘

T
! ) ™ mme N:O CHi NH; NO CHi NH;
i opsima @ apoy 02
(CHY)  (Nz0) (NH3)

Az AR 2,



3.2. 7}= Aol ATHA

SEE2ALCD)

A7 g 7oA 7 A DA QI A3y F=724(Life Cycle Inventory: LCI)’
oAM= dg B 7ol BagtHolEd BT HiEEY = 2 A
o Ato A 715 Aol AFB7HE Al AT HlolH 9 7 B EX = o=
<3t 5-26>3}F

(H 5-26) 7I= 4o Ty

SERM(LC) &=

si=y ~ >
= OI8XIE U £X
T2 | s Ag=
SENNSH IEEY JIEALEE,
_ _ h;_:éﬂ%ﬂ Izz=d =7|sZ2%
HIBINE, ZAIR, | -JISAS MR ERE | 05 O 00T amem
TMRAI_E Eolzf IJ» I.OI_ | [=H I. HI:IJ-‘-s
TEe ZZH 7AME KZIN, EAH "EM
e | M= SMMHIEA, S
ol
= ESSENESNCIY SENSH HIARARE, 5&
2% 0L A2 S | -ARESRYU MR HIE | BN EEYHIIEANQER, 52
WERT RS FEH IEEY ST ISZH0|, S
_ LRXXSX TI==H 7}7‘:A|.orn_7'<_
AL = _I=LIoO o5t = oS- Lo o ToZ2 Mo,
—r—x|'._ = 7|’=?A|"DTE 'r|°|_|'§ od %-5.‘_98%7_8 ?igtg %ﬁﬂ%%‘ﬁo |
SEUEY sME sQ7I8RE &
I |5 HISYHQ) SEX
Bh | B fES | -IEASC B YAES | BN IEEH IIESANUER, XM
IIESSTAL, SYUSMAZL 77|
EPIZEA, S
| = SIS 2H0|MIHK| HEME X
= | om | YZUOKNHy) | - BMFS QUsi= 21 | & AR HIEASY, SEXEH
s | o TEZe IEAUEE,
=
- -7l M wSR ST |
BIEHCH,) s oata SR "R 2ATLA OMIER| B
24y - A, IPCCRIE, OLIX|E Alst
JA H|EHCHa), - 715 X2/ 20| Bt 2 UXRATIA Z3E Z2f
OJABIEIA(COy), | - OlILR| P4 HiS @ATEA
M ZAS0[24H| 2IEI0|E| THIA|AE,
= | zus | USEEIE | o uus SO AT, AN 'S
= = ag a0 S AR ASMAHIEH,, 2 70| Szl
= HIE =

A AR A,
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3.3. 7k Aol AR I B7HLCIA)

ATgEIA Al A Bl HTE A% BIKLife Cycle Impact
Assessment: LCIA) @A= 24 tjAlo] JASS Ed|2 39S H71e
< @Al o] AT M= 715 Aol AE 7 Al H- Bls7 I3 B,
A0 F44717 &= Y BAITY T, F=2] MSY(Marketed-pigs per Sow per

Year) o] diet JFE B9

3.3.1. HIS7|Zt R HARH Mz et M IS

E 5-27) st(71M) EotdEE NS Y

B &ol 29
= 267h@ | 27ME | 2ohE | 29® | 3od
YA (kg) 619 639 710 724 738
EAE(kg) 385 397 454 460 479
SATHHX(or) 87.3 87.5 91.3 96.7 100.6
SR H|(mm) 8.2 8.8 12.6 11.2 13.3
SUSZA B CS3)(OH) 8:7:0 | 8:7:0 | 3:9:3 5:8:2 | 4:8:3
ZUIX e 5.9 5.7 5.4 6.4 6.7
SM 49 49 49 5.0 5.0
K|AH 3.0 2.7 3.0 3.0 3.0
SESZ(17:1:253)0O)) 10:4:1 | 9:4:2 | 6:6:3 | 13:2:0]13:2:0
152 014 E32(%) 93.3 86.7 80.0 100.0 100.0

A7 H2253(2018b: 320). 5A71E27 0] 6 T, RAE D).



w=%0] 7% 6,1920}2] 2 18.9%S im 6H 7V E%&’kzﬂ%, 31711%9_% 6%t 9,598u}2]
(17.2%), 2970 €= 69t 2,7601}(15.6%) S|t} o] AFo|A H]S7|7t &= &=
HF2 AASHY =287 E Y T ulsl4= 391 8,97811(9.7%) 2 LFERATH

(8 5-7) 2020 ot MR =E2HE =X Ol

£h): Or2
50,000

0HEE =
73k 6,1920r2

75,000

60,000
2878 ==

9k 29780
45,000 30t g o780

30,000

15,000

0

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Exgd

2070 €2 2070€F vt =& ulsi, 40792 40709 23 & vl s Xel 9.

Az F4bEel Al Weolg /A AR (https://www.mtrace.go.kr/, AL 2021. 9. 30.).

20209 2H- A SEGH 157 o1 P& HA Bt 88.7%=E LE

0.1, 307/ 92 90.1%0] 11, 284 LF-2 A BFol THoH= 87.7%2 ek

c=ASE 5w S92 20 FE HEA S715H] Al#Fske] 2671 €
o=

L}E} E} 327HEPON 911%E FILE 7| He o] & =5



(22 5-8) 20201 3t M@ ==2EE SUSE £

Be:% ___i=2 o4 =ug
= o
1000 1423 0% =3E 287HEd 307M€E
...... 1++ SZ o4 =g 90.1%
= 87796 & ________‘\
800
65.3%
60.0 == S
40.0 33.7%
200
0.0 1 1 1 1 1 1 1 1 1 1

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
==4dg

2070892 207099 vt =5 vl 407098 40708 23 B viEleE Z6k S
A& 2ARE0|E A gldolE A A" (https://www.mtrace.go.kr/, A2 Y: 2021. 9. 30.).

20204 SH- AN Q-9 TAIFTFL AA| H 447kg/mtE] 2 UERSTE 3071 Y
B9 EAF 2 450kg/mHE] o™, 287 ¥ H 2 439kg/mtE] 2 307] EH H T} A
F%0] 11kg Eo]E= Z 0 & YEhyth

(13 5-9) 2020 &t HMIR ==Y B =HSE

EE9I: kg/0H2] [ )
00 [287H2 ] [307H B3] 4?7?:9 ‘
439kg 450kg )

200

100

£ MNIMITHTTNTTTTTY

20 2 24 26 28 32 34 36 38 40 =& - F)

12070872 2070 € mek B vl 40709 %2 40709 23t B viEiSE ZF6laL S
A& ZARE0]|EA| vldlo]E A A-l(https://www.mtrace.go.kr/, A2 L: 2021. 9. 30.).



—_

L. R AAS- vS 717 @] A3 9 FoF 23

310 A N0 8] 87| 7+ T3 287 D o] 251 AL 307 L 25} )3
At o 2 vHE Y 600kg=
TEEv, HE2 60kg HEH

of 814] 9ot AL Yotk

H 5-28) oI HMR EYRE Eot A Atz SFE S0

o #e [ R [HaAE AE 552 20k 3+
= (@ MSUW| o) [HEAE|[WH [ #E | A | (/o)
SO0 1~5 150]  96.0| 172.9| 0.0] 300.0 472.9 660.6
=g 6~13 240| 257.5/1,020.0f 0.0 780.0] 1,800.0f 3,346.8
HIS HH7  |14~21 240| 481.3| 2,160.0{495.0] 105.0] 2,760.0f 6,534.8
T wigss)
T2 | ogrhe 25 22~28 210|  695.7| 1,965.0|300.0 0.0 2265.0f 53673
HgEr| |
(307113 =ah 22~30 270|  712.8| 2,505.0|360.0 0.0 28650 6,790.4
AR |
(2871148 Esh(A) 1~28 840 402.1|5,317.9/795.0| 1,185.0]  7,297.9| 15,909.5
MASIREEA |
(3074242 Z51)(B) 1~30 900| 426.8| 5,857.9|8565.0| 1,185.0] 7,897.9| 17,332.6
U=(B-A) 2 60| 24.7| 540.0] 60.0 0.0 600| 1,423.1

F 1) o] Aol M AtEFeI RS - AN 2870 At RIS st 2495kl3 29774 ol %
= 2870 Aol gt LM Sk, Bt S SAY FEAEAIEA, 9 SIS (779ke) H
ApFate] =230 199 ZA3H0.6~0.8)& Farste] 307018 A5 780kg o2 283

2) WigAtRE AEAE Wi kE S 42 A8
3) 52 5EU8%(2018b). A7IeARC] 6 TyolA AASL = AFEAE AEAFF o
H| 24~2F H] -2 a3}

A 2N %%%&ﬂﬂ%(2017b MI=7IEA IS RE B9, T2 TUSAHE(2017d).
M=/ IESAISRE ARARE,, 52083(2018b). 5d71ED% 0] 6 T01A AAshe ARE
o83t 715 Aol g7t Al

150 |



(E 5-29) 32 7{MI? SYFE S5t A Atz SLYRE 50

HOFMEE 0j2H ol2
) -0 | s g _ Al2 FUMEY 20{2kkg/0t2])
= on | ArSol(or TDN g | _ | XCHHE) 2k | ol | XX|dt
(8 S (kg) H=
N ED (CP) |(Ca)| (P) | (EE)
SO0tX| 1~5 150 96.0 270.7| 419.4 75.9] 53| 1.6| 10.2
47 6~13 2401 257.5| 1,091.7/1,592.6| 288.5/18.2| 6.7 43.7
HIE HIS&7| 14~21 240| 481.3 1,791.912,417.7| 346.1|115.4] 9.4| 94.3
P miss|
b= (087122 Z3)) 22~28 210 695.7 1,545.511,985.8| 232.4/10.5| 6.2| 82.3
HIS57| 5
(o7 = | 22780 270 7128 1961925123 2960|133| 7.8 1047
H A7 2t 8 5
(0874242 Z3)(1) 1~28 840 402.1 4699.8/6,415.5| 942.9|49.4|23.8| 230.6
A7 2t & 5
(3074242 Z3)(B) 1~30 900| 426.8| 5,116.216,942.1]| 1,005.5|52.2| 25.5| 252.9
Z=(B-A) 2 60 24.7 416.4| 526.6 62.6| 2.8/ 1.7| 223

(©)

F 1) AR GUAEL heAFRS T2 o) AlR duE ARG 283t
2) vl E AEAE wigALR ] YRS 47 283
3) Az 4ol 153(AE CP 16~20%) TDN 51.04%= 283t
AR F25 FHSATEA(2017b). F=ETIEAIGRE 3, 52X FEEAEEA(20174d).
Bl 71SA RS ALRARR,, 52253(2018b). PsA71&4% 0] 6 3H,0A4 AABH= A 7S
o83t 71& Aol Mgt A

S717 G192 R g B &2 961.1kg 7HASH
o, 2A7FA v &2 HE 8.3kg CHy, OFAISHA A 0.2kg N,O T4, O R &
AQl FH Yo} vl &2 2.7kg NH, 4xoto] S5 q &t a7} Q=202 4



(H 5-30) 5t 7N SMRE] Z5t AKX B, 24714, YRLIOt HHIEZ A= Zt
&9l kg/mte]

= 2ATIA HiEEF _
£l = = x| =

72 5 ==MES  mwws| issuem |00 ed

= = L A H|E HEH | OfASHEIA | QFL|O}

S0tX| 1~5 | 399.5| 213.4] 612.9 6.4 0.1 0.2 25

247 6~13 | 1,517.0] 1,080.9] 2,597.9] 24.4 05 0.6 10.0

HIS | HSEZ] [14~21]2,303.012,110.5] 4,4135] 37.1 0.8 1.0 9.4
=7 T EE] .

T2 |(ogrels 25p|22728| 18916|1.733.4] 36250 304 0.6 0.8 2.0
HISS7| N

(307hei3 Sap) 22730| 2.393.1/2,193.0| 4,586.1 385 0.8 1.0 1.7
HAMS717HEA R

(Oslhem Sspy | 1728 [6.111.1)5,138.1/11.2493|  98.4 2.1 25 310
HAMS712HEA R

(o2 sap@) | 1730 [6.612.7|5597.7|12.2104) 1064 2.3 2.7 33.6

2=(B-A) 2 501.5] 459.6] 961.1 8.1 0.2 0.2 27

F 1) BEujEFe 5 ERA 8ot JE 3 Bk viEYEY 13.7kg/vHE/L@EEAS
350kg)E 7102 B2 ASHAH, e S5 o 8ol €5EE A&
2) 27k WiEFS SR 2AVEAEIA HANE](2020). 2020 7 24714 QMIER] B 1A, &
AZIA SFE &S 9 e A S £8519 0, B viEUES] A9 BEAISS VIS
o= YYPHT A&
3) YE Yo} W& S E Z7 M| AR RAE (2020). M7 71 LGS wiESF AP HEY),
o] & A dyo} iEAle} € Bl RS 7|E0 R dyEE AT
A FEATH FYSASTAQ017h). R=7FEAISES 3H, 52T FYS4EA(20174).
P72 A R AFRA R, 52353(2018b). M5-7]&4%0] 6 3%, AR LATIAZ]}
7 HAE(2020). 72020 7} 24714 QHIEE] YA, B4R S/ AR HEAE(2020). F=7}
712 AEZ wiETF AP HH(V),, $2A8H BARE 5971&2 L (http://www.nongsaro. go.
kr), FHEATL(2014). FA L ASTFH71EA A oA AT A EE 0|83t 715 AYof A}
g7t A3l

- AAS- =713 EE21E) LR QIS adE ook <& 5-31>3

o}, ol AbSlebA & BHA uel e £ AI7RA WiSTL 237.3kg COseq. T4

-

(E 5-31) &2 7ML HIg7 )2t R QHF)2 = 2%t 51t F8l

AlE o HiEIALE G HE AL &) ]
e (kg/0t2]) (kg/0t2]) (kg/0t2]) (kg/0t=) (0 /012)
= 540.0 60.0 0.0 600 1,423.1

AR GYEE TDN gt HE ZCHEE(CP) | Zs(Ca) 21(P) ZX|9HEE)
(L2EYU) | MEZO0Zkg/OI2]) | (ko/OF]) | (ko/OI2]) | (ka/0K]) | (kg/0R]) | (kg/OF2])
UArY 416.4 526.6 62.6 2.8 1.7 22.3
L2 A7 WSS o 2 S
st 2 [ & OfAtSfERA SHAL HiSZE QfsL|of
Ztazy (ko/ol2) | (kg/DI2) | (kg/OHRl) (kg COseq./012])) | (kg NH./0I2])
501.5 459.6 961.1 237.3 2.7

A4z o] A7) 7h5 Aol Hag 7 Auke B3 A,
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. 4 S471 95 9 A Y A dFE7 2
A4 K477 o] D5(1871EolA 1671 =, 271 @52 B35 24§49
FAHE AR FS vhEY 639.0kg 52 4 At AR SRER 27t
567.0kg 0.2 7 gho] & Em, uiRALR L 72.0kg HEE L 20 Uepg,
(H 5-33) Ha Y712 Ma ERE S0
= 2 | iz | "WIHS Az ZRE 20i(ko) =5
= () MRLY)| g | gtz |wmE | #x | A | (2/0R)
UEFESUN 1~3 0 81.0 76.5 00| 81.0 | 1575 | 430.2
S0 4~6 90 145.0 1845 | 0.0 | 144.0 | 3285 | 1,031.9
=4 Z401KX] 7~12 180 246.8 | 28380 | 0.0| 855.0 | 1143 | 3,604.1
oA '|7‘(|.7<|:| 7|7|-
Cl (16742421 21Al) 13~16| 120 356.3 1785 | 0.0 | 891.0 | 1069.5 | 3,375.9
27 S 71 17~18 60 413.8 72.0 0.0 | 567.0 639 | 2,0184
(187423 ) ' ) ] ] T

1~16 | 480 2240 | 7275 | 0.0 |1,971.0| 2698.5 | 8,442.1

1~18 | 540 2451 | 7995 | 0.0|2,538.0|3337.5|10,460.5

Z=(B-A) 2 60 21.1 720 | 0.0 | 567.0 | 639.0 | 2,0184
F 1) o] AFolA Ah S5 AEFoF 52UTH %%:*MOP 1(20172). FSHE7IEANFES B4,
9] AR £ 2 849 dFE AEFAHERAE £ T4 TDN 50~60%)< 283
2) vt A wiAE S 242 285tk
3) Az 4ol 153(AE CP 16~20%) TDN 51.04%= 283t
4) 272 5278 H(2019). Fs7IeLF 0] 1 Y yollAl AABEL s SolA 2 S449- B 877
7oA AASHL e ARE FEFANLEH SoHA 2.5kg/ L, S43F ﬂg 1kgﬂ 3.5kg).
Az FEANTH FYUEATETA(20172). RETEAISES 2, %ﬂh ZAHHsHA(20174).
MR/ EAIFESE AARAENR,, 5238%(2019). Fsd71&d7o] 1 ﬁ%mw A A= A RE ©]
|3t 71 Aol Mgyt Axel.

SHQAY)OE SHVLA FFE HEFL Eo] 324CHikg
L 0.4N,0kg ZHA3H T<E 5-35>.
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(E 5-34) H4 Y7219 Mz GLE=RE S0

. e A= SRS 20i2Hke/012)
® Waue)| ko ||| BE o [2s] o [208
= == ) hzzo| oM) | ©P) |Ca)| @) | EB
2E0HK] 1~3 90 81.0 93.4| 1395 253 1.7/ 0.6 3.7
S4 Uy 4~6 90 145.0 199.0/ 290.7 527 3.3 1.2 8.0
A 401K 7~12 180 246.8 634.211,015.2] 182.5/13.2| 3.6| 23.5
T= | 16702 A [13~16 120 356.3 583.3] 951.0| 168.2112.6] 3.1| 22.1
18702 A | 17~18 60 413.8 341.2| 568.6| 101.2| 7.7] 1.8] 124
5A SN UBIRIEY
(1674421 QAN A) 1~16 480 224.0 1,509.8|2,396.4| 428.6|30.8| 85| 57.2
A SN U ZEIRIE
(Goias oag) | 18| 40 | 2451 1.851.0/2,9649 5208385/ 103 696
UZ=(B-A) 2 60 21.1 341.2| 568.6| 101.2| 7.7/ 1.8] 124
: 12(2017d). TRFRT IS AR ALRA I, U RO AR
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2) HH Atz AFEAE by ?MEA P ES 717 H G,
3) Az 4ol 153(AE CP 16~20%) TDN 51.04%= 283t
A7 HE2ATAY FYSATAQ20172). AZTEAIGER Ay, B2
=7 IEAIS RS ARAER,, 5235%(2019). "sd71&4%go
43 71 Aol Mot A

2 TESAEERA(20174d).
1 Y35,590A4 AASHE A RE o]

O, rhe
o

IO||

2

(E 5-3b) M4 SY7I219| B, 24TIA, ARL|OL HIEY L= 21t
=91: kg/mte]

2HIIA ST
3 =] = x| 22X
o ?15 LR z;{;l Emen  |PHER
= -3 24l HIEH | MEE |ORMsPEA | fTILIOt
Of2IB0tA| 1~3 | 360.8] 178.0] 538.8 6.1 1.9 0.1 1.2
=4 SE0HX] 4~6 751.9] 426.9] 1,178.8 12.7 3.9 0.2 2.6
oA ZE0HX] 7~12 12,626.3]1,490.9] 4,117.2] 44.2 13.5 0.6 9.2
T2 | 1ehEy Al 113~16]2,460.0/1,396.5] 3,856.5] 414 126 0.6 8.6
1871y el [17~18]1,470.8] 835.0] 2,305.7| 24.8 7.6 0.4 5.2
Ha 24 SR EA
(167H°e%* oJAI)(A) 1~16 16,198.9|3,492.3| 9,691.3| 104.4| 31.8 15 21.7
I-IA OM E:I é_ifl_jp} o"7:”
(187H%%1 o1AI)(B) 1~18 7,669.7| 4,327.3|11,997.0| 129.1 39.4 1.8 26.9
Z=(B- A) 2 |1,470.8] 835.0] 2,305.7] 24.8 7.6 0.4 5.2
F 1) BuilEge SYSAAERA A Y T i WSUES] 13.7ke/vle/DEEAF

350kg) 71%& ES_ AEHHT, et 5% 0|89 EE A4S

2) LATEA HiEEL AR 24 7}A+cﬁiﬁ a(zozo) 2020 =7} LAV~ Qe B1A,9 &
s 2w w2 o A W& AEA S 8519 o, B viE YRS Ao REAFS 7|E
oz Y¥dg A3}

3) dRYo} HiEF2 AR ST IR EAE(2020). 57 7192 wiET APg HEk(
V)9 & =8 Yo} WiEAISo I E ek 7|50 2 IR AE3

4) SASE= FRE 3K 7] g2 NS L gle Ao 7He

A 715 o) W27t 22,
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o $4717 B2AY) 02 o BHE U < 53657 2 Ha
|7 EE 02 B ST 2,305.7kg ZHASHH, o] ARl A 2 SHARRE 24
%2 787.7kg COneq. FH2:5TF. O S8 2191 ]

(B 5-36) 34 S47|7H U (=MEH 21E HH)CE QI
= x S S A
S0l (I:(H AR % FES A= & 24Y
Saat g/012)) (ko/0t2)) (ko/0t2)) (ko/0t2)) (0/ot2))
e 72.0 0.0 567.0 639 2,018.4
AR HAHE TDN &t HE ZHWZICP)| Z&(Ca) 21(P) ZX[SHEE)
(geeQzy |AlEZ02Hke/0r]) | (kg/0F]) | (kg/Or]) | (kg/OF]) | (kg/OF]) | (kg/OF2)
UAY 341.2 568.6 101.2 7.7 1.8 12.4
EotiEY 2ATIA HiEE otF| S S
Bzsct 2 [ A O|AtaiERA SHA HYEZF otmaL|ot
A (kg/0H2]) | (kg/OK2]) | (kg/OH2]) (kg COzeq./0f2)) (kg NH, /0fz2])
14708/  835.0| 2,305.7 787.7 5.2
Sk

A5z 715 ol Aot AnE 5T e

o) BAGE FHEHEA A7) aTHE 2
F2oHiE B 9 2AITEA oF ] GRS ol AME S = QlTt A8 43717118
MDA 2 B} AGUANS T H S Bl EFS 999, 7kg, 24712 )
Z2 342.3kg COzeq., Yo} HiE&-2 1.8kg NH; 71453 TH

(H 5-37) A AHeY SH(TEfAMXL AT 2 Q15 51t B

220 (I:(Hé.’;}ﬂ HA H= Atz &4 =25
SN g/nt2)) (kg/0t2) (kg/0t2) (kg/0H2) (0/012)
= 66.6 0.0 2115 278.1 871.7
A2 JUYE TDN &kt Hs ZCHHE(CP) | Z&(Ca) QI(P) |Z=XIHHEE)
oozl | AlRg0i2Hkg/OI2]) | (kg/OI2]) (kg/012]) (kg/0t2)) | (kg/0F2]) | (kg/OF2])
UAY 154.2 2471 44.2 3.2 0.9 5.8
B Hi=2F 2ATIA HiES otF SH S
samg 2 ™ BH | OIMSIELA Bt SR otmLjot
AAH (kg/012) | (kg/0F2]) | (kg/O}2) (kg COzeq./0O12]) (kg NHa/0}2])
639.1 360.6| 999.7 342.3 18
A $4717H1871 D) S 71202 ZAR,

F A AR FI(EA ) Bvke
A7 71 Aol Mg Br A9E 8 Hg



JH 4L 9] 2020). MSY(HY ZE &= 7]Z)= 2000
17.9ut8] 2 S71et Tt

(2 5-38) A 2= £ &5t 0t5=(MSY) 0|
e HERES | USRS 2E £ EdIFRMSY)(0L)
- (& 0r2)) (M 012 A REIE gHREIIE
2000 912.1 13,293.1 15.0 14.6
2018 1,063.5 17,369.0 16.4 16.3
2019 1,025.8 17,825.2 16.8 17.4
2020 1,001.4 18,330.0 17.9 183

F1MSY = F £ nheld / A wE &
AR SANEEAY7H(2021). 72020 SEHEBANE,, 58 SAPEAEHZ d5). VIEEA,E o185}
of AH=g
20181 7|52 92] MSY= |9k 31.40}e), W= 29.00}2), 1)< 24 50}
2o]m, o] 7o} |3 A T FEA] BE AL A L Aol &
Zubete] MSYZH 5.8 ZAAT0] B8] e F8 AU A AR, o] f F

=/4E, B gdec] W] oz A H AL At (EE4E7 2018a).

(& 5-39) 2=9| 2= £ £o} 03l H|2(20181)

+d S0 .

= gt

Q0L | YU | DZA AHQL HI|of | AYH | = F=| 0= | FHLICH

PESY EIES(MSY) | 314 | 29 | 266 | 25.2 | 27.3 | 25.8 |28.5(27.2|24.5| 23.3 |16.4

e MSYE ke HA] =5 vhsle/ A e i uhslas 2 ARk

Zt&=: UK Agriculture and Horticulture Development Board (AHDB)(2020). 2018 pig cost of
production in selected countries, =48 2](2020: 45). "HX|117] 5 D F5AA 4, AU-L;
qe=E3](2019). FREEA A= a7 20189 FAMIA 20209 =34,
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FEETI] MSYZE FHEE AT 420 A 17| FFE 9o} BRF =
Itk BE 5 4502 AR FUY U 75 RR T, 2
S

AA
A METE daAE 5 . o] AolA e F=s71
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(E 5-40) 202043 FHX| =5 D[4 7| MSY KB DE L 0f214 A5 21}
=91 4 ol

VSVRHASE T UNER | Lo | yoyapm | _SEdRUER

Iz MSY| DB | o paia) me oE gpiae)| E5 IEAE) 25 HE

(012) | (20208 712) ©  |c/A%
= [2018F AN | 16.4 | 18,330 1,026 1,118 -91.8 -9.0
M5 [20204 A% 17.9] 18330 | 1,026 1.026 0.0 0.0
3H< o= 245 | 18,330 1,026 748 277.7 271
zo=| =o  [285] 18330 | 1,02 613 3827 | 313
yx | U=eE [290] 18330 | 1.026 632 338 | 384
uoras  |200] 18330 | 1026 916 1003 | 107
E;o 25.0| 18,330 1,026 733 292.6 28.5
o 30.0 | 18,330 1,026 611 4148 '40.4

F D $EvEte] e MSYE BUE HA] B uiEe/HAdE BE npEg 2 AUl
2) 3i9] F8= AAL2 20199 =R 17] =900l B v=(19), HLQMet 8 F=AW=Q vidsh
9] 20184 7|& MSYA S AAIEH
AR ZAEEFAE7FA(2021). 12020 SHHEEAAE,, 58 SAEAE (D d%). T84, UK
Agriculture and Horticulture Development Board (AHDB)(2020). 2018 pig cost of
production in selected countries, %8 21(2020). "HA| 7] 5 L FE5AA £4,; AL o
SHRF=EF](2019). FRH=wA A=t =571 2018 HAMIA 202049 54, o]-85to] A3t



MSY 5 BE AR w2 AbmFo gt Bl &S YA 2020
| AZ QI MSY 17.9712] 9] = Abggoigh 1127 Eoluh, MSY 7} 20.011]
2 A9 Az Fo]FFe 1009 E0 & 7hAsH, 25,00 & FAFE -9 80
HF 202 A4S e BES HEiiET2 20209 1% 4584 Eolu,
MSY7} 20.00}2] £ SFAFE 79 4095 E0 2 7hAsiH, 25.0012] 2 FAFE A9
3287 EO & ZAol= 21 0 & et

(E5-41) 2= A0 ME M & FY ¥ 2 HEZHL=UY TX)

MSYZHSE |ysysze| pE | 2E =S
= EEORS MBS0 S8 | 2 | & | Hms | @
E L MSY ) o) | REA) | 0/ | /) o /) | (/) | (R 2/
2020 & 17.9 1,026| 1,123.3] 3,557.1 781.8| 1,563.6| 2,237.6| 4,583.0
20.0 916| 1,003.6| 3,178.0 698.5| 1,397.0| 1,999.1| 4,094.5
SEAL
MSEY;O 25.0 733 802.9| 2,542.4 558.8] 1,117.6| 1,599.3| 3,275.6
30.0 611 669.0| 2,118.6| 465.7 931.3| 1,332.7| 2,729.7

F D) EE T ARG EE AR, 2R, §44717F 5o wEt 2 Y, BE ARG ER 98 alst
o] 3kg/Q/vEE A8t
2) BE uhed S5 52318%(2018a). Med71&d3d0] 3 HAZ27],014 AASHL Gl 2= vt
319 B 87F(6.40~13.60, B#9.50)S 483
3) BE B Al 52483(2018). Fsd7Ieddol] 3 HjRA7I27],004 AAlskL Sle HEFH oA
(Landrace) 9] 671237 167193 9] B+ AlE(144kg/m12))S 283
AR HENETH FFEAEA(20170). REIIEAGRE HA,, 52T
M7 EAISEE AARAGER,, 5235 %(2018a). sd71&4% 0] 3
A2 5d71ex 9 (http://www.nongsaro.go.kr), TH3EsHA(2014).
2 707,014 A Aok A RE o835t A 7 Hrt Axel

é 02‘.‘.

MSY ¢ K ARgo] ihE 2A7EA 9 ofF i 24 siE 2 A AISH
T} 2020 41291 MSY 17.91}2] 9] B2 LAI7}A v &ERL o] AkslelA 31433
Tk Eojit, MSY 7} 20.0ute] 2 A4S
ofw, 25.07FE| 2 YT HF- 23T EO R
A(NH;) S 20204 715 27t 23 Eoluh, MSY7F20.07H 2 /e 4+
29t EO R ZHAShH, 25.0nF & 4T A 19 6 EOE Aok

1
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(H 5-42) 2= AIR0| M2 2A7HA, ADL|OF HIEZHAELY TH)

MSY 41X U =8 2L HHEY o
MSY$EE | YU UE | THERE & B uE
2E 03 . :

e | MsY | Tgmoy | ME | O jommmAl om0
S e ch/ @ECH/|/@END| attumy | TN
) ) W) (MECOeq/d) "= o
20204 &5 17.9 1,026 3.7 7.4 0.3 3285 22.0
20.0 916 3.3 6.6 0.3 293.5 19.6
Y Tas0 733 26| 53 0.2 2348 157
30.0 611 2.2 44 0.2 195.7 13.1

F 1) EuiESe 5USARERAN FEata Q= HA| Bk wiEYdy] 5.1kg/vtE/dEEAF
60kg)S 7|07 k= P A5(144ke) 07 SHAlsIo] ARETl
2) A7 WiEFS SR 2AVFASIA HANE](2020). 72020 =7 247 QMIER] B I1A,0 &
AZtA E7E BiEAls K siES A £891% o, B viE&Yde] AP 9] BEA1E(60ke)
S 71Z0 7 1= B AF5(144kg) 07 FASIo] AM=S
3) gryo} viEF ﬂ?éT S7HE N HA G A E(2020). =7} 71 L AER BiES AgHh HEk(
V),9] =R ZE=GE ol )] dyof viEAl4(21.4NHskg/mHe] - A)E 485
AR H2A5H FYSAFA(20170). FTHE7IEAFESR 9], S2AEH FY2A5HA(2017d).
RI=E7IEAIS RS AFRAARE,, %%XJT 4(2018a). MsY7|&d%o] 3 HA7|27,, FFR 247t
i%?ﬁéi*ﬂﬂ(zom) 12020 =7} 247k QI ER] B A, S5 =7Fo A HA] A B AE (2020).
r=27} 71 L AEA wi&H A9 HH(IV),, 52184 BAZ 5971€x D (http://www.nong-
saro.go.kr), %%%}734}43(2014). T2 0 AT 7|EAA 74,014 A S A BE 0|83t
A3y g7t A3

MSY W35 7|20 & AFES =AMl o S B A A vt 24 43, MSY
7} 20208 AAQl 17.9ufg]oA 20.0ut2]| 2 FFAFSE AL EirvjEeES 484t
8,500, o]AtatetA &2 Shiket 2A7EA Bl &2 31F 5,000 COseq., Yo}
Hl£-2 2,339.9% NH; 745+t MSY7} 25,0018 2 A A9 Bicn|&e
= 1305} 7,400-F, 2A7FA HIE(CO, BH4H) 99 4,000 COqeq., YO} HiE
2 6,262.5% NH; 7459t}

T Ehtlol srs 2 | 161



(2 5-43) MSY (2= AR OfSls ZAR)22 Qo F=MYO| $ERH XMZ &1t

TE DEMNS ORI | AR B UL 24 gag
= ZHE(H o)) (M E/49) (CLIAG))
Mo | | MSY =
J-E 20.0 109.3 119.7 379.1
EQI ZA BT MSY
s g | 250 2926 320.4 1,014.7
30.0 414.8 454.3 1,4385
=T Bir HiE ZAY
I|I= MSY | 2(H E/4Y) EEE/M) HENEEM)| A E/H)
BrbiS
aism | 20.0 833 166.7 2385 488.5
s g | 250 223.0 4461 638.3 1,307.4
30.0 316.2 632.3 904.9 1,853.3
SHTIA HiE A ofF| = ZtA
=L}
U 25 =2 X A
- oL |0
2t & et mEt | opuarma | JREES 2 NHI L
oS E 71E MSY (3 CH‘_/'-*) = CH‘_/'-ﬂ) (ET\I 0/4) it Y= (& NH/)
HH% — 4/ — 4/ 2 i IN2 [ (E COzeq/'rj)
GEECE 20.0 393.6 7873 32.9 35,0129  2,339.9
MSY
sy | 260 | 10635 21070 88.2 93,7079 62625
300 | 14934 29869 125.0 1328379 88776

1) FEA AA 2
2) AHE B 297} i 1l QA7IA S HlE 74 BT 20209 oiu] ZAZES AAS
A= 715 Aol Ay 2RSS A

Ol
!

3.4. 7H5 Ao AHANA: 539 Aol @3 RTes
U AAA 2w 24

Ay 7o) upRat A Q1 <A 34 3l A (Life Cycle Interpretation)’ THA| O A]
© A A BE2A B AN 9 P 2 S0t BV H 2ES
ST} o7l A1 258 Alpaie] Wil nhe 87 Aveh A IS F
&oto] AAISHA.
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2020

33.7
31.7
24.8

307H&3

9.4
0.4
0.0
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=

450

21,211.2

ute]g 237kg

St avte

as

2 (https://www.mtrace.go.kr/, A2 Q: 2021. 9. 30.)

SA A=A (https://www.ekapepia.com/, AN Y: 2021.
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(¥ 5-45) 3t H|R7|

ZHHRo FH| g1tet 2t

k=au}

KoR2lE

BN St

Af=H|

2

(&/ot=1)

FUE
ot
#st
(&/ot2))

2%
(&/ot2))

&R

HEZL

(kg/0t21)

(kg COseq./0[2)

N

HHEZEA
(kg NHa/0}2])

B2 A2

HIS 7|7t T

224,953

-332,676

-107,723

961.1

2373

2.7

(287 Eol27HE B=)

A= 72 Aol Aabg7t Ak

=0 SkA

3 Ao ANXN St et

97

Q- 2749k OJ,] AlRH|E A

rj‘g

(B 5-46) H4 SN7IZH T

Af=H|

32t

(/012

(&/ot2))

24
(2/012)

JIEER

HiEZ4A

(ko/Dt2))

(kg COzeq./012])

='?A|' -r'|E

HEZEA
(kg NHo/0t2])

267,751

267,751

2,305.7

787.7

52

117,159

206,000

323,159

999.7

342.3

1.8

94,867

206,000

300,867

807.6

276.7

3.5

362,619

206,000

568,619

3,113.3

1,064.4

8.7

712kl B2531]

A 715 Aol AP A,
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AL SAR(Z AE) FHARALEA, 0] 2k vl S
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(H 5-47) Y= DE MSY S410| 2K ST} 7 STHYEMY HF)

20 &3 arEes 913t 53
sgmet | MENSOSTM s | omme | swre | stemsn
Haed | SR e | MR/ | MEZA | WEAL | wWEzs

o [MEY e | @em |(@coea/d| ENH/)
MSY 20.0 71,409 - 71,409 488.5 35,012.9 2,339.9
2k 25.0 191,141 - 191,141 1,307.4 93,707.9 6,262.5
=H 30.0 271,021 - 271,021 1,853.3 132,837.9 8,877.6

A 715 Aol A7} Az,






Hed







HN6Z}

i
ol
HH
™

™

[yl
o

g Ae

2418 A

PR A S 0] FA WY A 0 2 HE 0] 7

A

ol

—

0]

=

——
jo

|

2006 T7FEE L H o]

sh=lo] At

2]

A 7R BEAAE F AR 0]

ol

9|

Ao Azl df

169



AE| oM, 4H57hE o TS ol W 9 Ao ek 19T &
AB5710] 45.3% = ST AS 98] U S v 8L BET gkl e A
oz 2AEY.

248443 B SlQAkE AE AT, EUA L B9 510 98 w3}
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t}. Z4kQle] AAsto] Tish ol ThaFat <= AT, F S 9](2011)=
AR A 0 & 474551 (Sustainable), 7HEH A 1} AFAF7] Zr0] ol L

(Technological), AT} E=4 Z=ZFo] =11 (Advanced), B4} AH] 71 A1 715

S (Believed), SARSAFALS] 9]4] S=520] =31 (Level-up), 57 5+ (Equitable)

AA A 0 g Mg % A (STABLE)E 4 9J5}itt

(B 6-1) ZAIO| S BT FMY WYY

S e3gY 2MzEn S U g o)
o ZAOI0| BIHRZ £MO| AT RO T 25 | e el #BH NHtsd st
SRRl FIENOHBH7 1= 2ot ZAtol i oy | @ MR Stieiol et Aol 7Y
— = 15} =
RIRIe) 7 ERAAIR! 7 ok SRV = | o s o) st o1 xjeicie) 20} 210 754
o ZUBHH A= 71E FUS7I0 UoME S | « FMUBF 2H US 715 WL & ICT S 28t A0
-IIEER SHREA XN, MY YR 2E T | ESM YIS
Z 243 o HAZE(Net-zero)28E It 2a7tA X7
- SR 21 B7t, §|- o] BRE 71E L3t S0 2 VSRR 8 MY LIR] bt 2k

» STURLASHO EAHO| SHRE 2 M= 2| O]

- SANATEY HYMS T, B AH S55 Y | o HE NTHECZ FME WMo g Zet &It

T10 71O

Iz S0 20 S5ip
o STUZAAZHIO}SI2HI0| J| A BRIRI 01245} | @ SARAC| AIQBIZ| T L MY BHAS S EA
o SAQO| MIPYEI} AT MA SHA0| EIAKZ | MY T ZHH M1

o 27 7104
o Shhs71o| SAHEI X Q1A Ao} o SER O] MQlol| 23}
o SEX|O| SHoF| 1R 57} o X|9} Lf ZS7E s

A AR 2,

4 TAIT BY 29E ERE FUQ A S B, ZGe
A 4442 orste] ARSI WEA BHH ST FAH ZHA
FHS PSR P02 olrtof Btk ufeb A A&7Rs e S419] BAE 9%
%9 HAIAL A, 4 BHEA 2L 53 FAFAN et AT o
S5 EA| 0] 248 BAR AT LS T shholm, BAL 4 B4
A 282 AR Aole & 4 ek T U2 ShAF Y (Net-Zero) BHE
9N FAREC] U7EA FEE )9 S 34| F Shtolct
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(E6-2) VISR, 0 'EN

#,0] 7}5 Of2IS ALS, X Bl

B9 ui/ohel
= SR s A HoIE=A)
s (ézo% 12.0 20
x| (%%ng) 14 0.6

AR FUSAAER - AR - FASYT(2009). VR AL E EEHA E(GHEA),.

TR0 R 71 Ek B o] Bl 7 2ol BRsich A4 AR 5YS
NERO] 715k B o9 T o] hErh B3R TSR A
# 30 AASHE Huiste] METYFANN SEE I S8 Wl T
500mg/kg 013, OFA 1.200mg/kg OTSFoIch. Tt ST SALAE S Mo 2kl 9
Al R 10 71 FE R 9 SR R (5 o)) 49 78] 300mg/kg ©]
3}, o}l 900mg/kg o] 5tz T Elo] ek, 7HE i 7} el Egkel o] A

B8 RS ] gelHon 248 Bast Aot
(H 6-3) sERLAER THig 2|y It $E2 TIEERY Q| E-HH| SH+Z Hl
sastEy sz
s38 | meu+qcosy | a5 | as e
L | BT BESAAES H0| Holsi0)
o 150mg/kg R e T e
e _
== 5ng/ kg B 70% O[5t
=E] 300mg/ kg x| T2 500mg/kgO!3t
2N
ofed 900mg/4g ofet 1200ng/kg 0131
LA 50mg/kg A FA | EE 2.5% 0|5}

MR I VSRR S ERE AR 2.
A 27PHPARBAE (https://www.law.go.kr/main.html, A4 Y: 2021. 6. 3.).
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3.1. Net-Zero B4 st 2A7IA A7 & -2 E
g 9 AHEt4d FAME A 21E3)

SAHREOIA 2 2A7kAE FE 7ISER BEoflA sk '
(CHy) % oMAFSFE 2 (N20), 7152 &8k of| A A8 5h= HI=h(CH4) 5ol 4
@ﬁQWMS%%QﬂiHﬂ—H& SAHROF Y-S sHlo R, Ve H B

HOFE 7HE R AHASAE ], 7hSE ke ol U A SHA A ], G| A
.E%ﬁﬂW%QE%%%QEQ%ﬂﬂ@aﬂ%%lﬂﬂﬁﬂ¥ﬂﬁﬂ%
3

HEAATNNE & 4= Qo] 70 Ale] AL BN E LA AS
27 FAAZ % e Ao ekt

WA, 710] Aokl S Bo) LATAE &5 P S4e1e] 4
Wk Ajeke] 7] 470 o] W asie). B 7o) A3t H 7} BAo|A 4o u]8]
7 HES LATEA S 27 ol S AEF A5 9 BAE AA R AA
2] 4o] Zutelis 202 BAE STk whebA 29] 118717 B o] Z4Hs 7kl
Ao 1A B kS Haokshn LAMA TS ATE B S UES
o717 B 2l Ajokehe] 7] 4ol W a skt el m gk v 8.0) A4 At
S0l SAI0] neE 4] Z31417] A4 A7 WY olok & Rolh

e Z45}slojo} & ot YutH oz 7}

= AWEALR O] 7Y E o]
Z0] M 5= ALR 9] B3} 20 3ukA] A HIAK(VFA), EFA7EA(CO,), HIEH A
(CHy) 2 E3]=] 17, Tl .2 ofm| 1 Aba} @FH LJol(NH;) 2 B35 5o, X2 &
A epAb ZE A E 8 B EThes) LAZFA A7E AR 7] HAL 71E0] YAt

AL 225t A LATIA BRAERS 2] 22 9l ALFH|E} 7]&9] 7)Ao Qi)

65) AAEE 587 |2 AHsXE™E (https://www.gnares.go.kr, ZAHQ: 2021, 9. 8.).
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(E 6-4) M7|SHNK5H 7|2 Hat T ~H

7|58} (S 4t 2030 | 2050
ZHtEb o | o
=20y o | o
= DAS/FAZS o
o X|Go|E-HI M| O O
°F 7|2 LSITHA| 2AfHE! M| o | o
H2S ofst AR 2HE MX| o | o
243} H2S o5t HOEI NEMHEX 8K | O | O
Jleta 7 IS TR 28] 2y o | o
Ol ma
715 S AFRIBIAL AH| o | o
- I1E 2 O LIRSS A o | o
- UYHEAE B3 o O
HUENZ 22 o | o
e REJPIENM Y IE8KES | O | O
. o B &7 0|5 o | o
NEETEeE o | o
ANNOWIES | 8 HS | mEp Metr 2 52 5232 o
R o3} =9 MEASZAE OISH|E o | o
=2 o3} s HHE 22 o | o
HE3 013 e SATLA /LR SHRRIHE o
R4 N | sEMAE Ao o | o
n2Yse | gshmg | sEMAE R o | o

A& Aot £1(2018: 43).

A Qelukehe A e AR H M ol AL U RS (CP)O B &
A58 o AN MEFS S W2 A7t gol e ek I

=
Bl M= officAl Y JHAS B AT Alm JdS F i HETe

©)

Zol 71&/hd A7t A= 1 9t} Niderkorn and Baumont(2009)67)= 743
2% 7

9 Eopo] R 2 0.2 S obks}

66) ZHUZ(Crude Protein: CP)2 7kS3HX| 42 2 C
Of HEA MHY 2RO = JAYMR0| 22 4 US. LU=z =HEHE 0|20 EAsleiE
0] 4404 Q7| IHZOf| THEHE ~X|7} S HEAE 0 10~20% =L

67) Niderkorn, V. and R. Baumont. 2009. Associative effects between forages on feed in-
take and digestion in ruminants. Animal 3: 951-960.
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S
ol k= SAbs 7ol disi A= %’1‘:17}& A5 71982 A5 IS0 Al
Y= AEZ 7HA7F A

7hsoll A A ShE 27 ARSI B S 7S] ArgE] Zle el
U AEAR S F5 dS5E e UT2LE Yot e, 7 a e T I
oA Tt 2A7IAE QTR AU A2 Hgote] E-8shs U= A =4

o2 JEFo{oF & FlolH.

3.2. 7H5Ek 88 AR A A g

%R B83t0] AR A AL 7] A AR A
A3¥e) AA| Qo] SR elofof gt o] F shAE WA, BA £ U A
19 7] 9] =81} 4| (Renewable Energy Portfolio Standard: RPS)} T 0] 20184 4
T Y RIS 919 A A 02 EedE HAN A DA E(FITE 28
Sh ko] et A7k B R stehes 0]341(2011)0] OJshe Aol u 4| B
ShthS 915 RPSE 100% AHe A} 97r] 2572 AAo]U A A A
5 8 Q8 BEo] talAE FIT =2 Hashs o] fsl4oletn 3881t

68) 20113 22|Li2t= EfQZDt HIO|QJIA 52 0|25 UMA|A0| X|YGHE LMEIIX|M|E
(FIT)E HIX[5t1!, 2012 L E AXHA0LAX| 2| fHI(RPS)E =Bt RPSE LHAIIXOA
Sud9 4 HIES LIMMULXIS 0|80t EXoteE QF5t Mz, R2|L2te] ofjuX| X
MEaE & MMMoLX| 2 HIZ2 20123 2%0iA 20243 10%2 &iE. XU XIE
2E37| 02 TAE2 siFote HIZEHE AMMOIHX] 35215 (Renewable Energy
Certificate: REC)E T*0HSHOF &t

o
8:
T =20
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(E 6-5) REC 7I5X| 7HH MELHE(2021. 7. 28.)

2R ES ] 3 bl
EIGIEP 0.7~1.2 0.8~1.2
szt HEE S7|IEAE EE 1.0~15 1.0~15
SHEYE 15 1.2~1.6
Qlof 0.7 05
= 1.0 1.2
=9 offet 2.0 25
HOtolat - 2.0
S /=T T 05 05
HIO| 01| X| 0|0 2AZHI0| Q04 A A 2.0 2.0
7 |EH0| 0L X7t E R 5) 1.0 1.0
(YA F), THY 2.0 1.75
SHOHIL K| ZE(UZH R) 1.0 1.0
B 2.0 2.0
LTRIHX| A= HetdH| - -0.2(414)

AR AARBAA YR HEAR(2021. 7. 28.). AN A FF55} A Z=(RPS) A DE7H7GLL A9,
(http://www.motie.go.kr/motie/ne/presse/press2/bbs/bbsView.do?bbs_seq_n=164409&bbs
_cd_n=81&currentPage=1&search_key_n=title_v&cate_n=1&dept_v=&search_val_v=, AAY:
2021. 8. 20.).

HPR| 0.2 7} Bk o U K] SAl o A] MhAshs 2:8holo] et 914 9 7]
o] miw]ofof Shet. Hlo] Q7kA0) S AT Sste] EHFH
123474 4% 2 A AN SR BRA) AR SURNEF, 2

252 @714 ATHAHOIA 0|8 49 30% o] ol A ALgBH= 2
518513 itk e} 7 Blo] QR4S ABAKE 1] WAYSH: Alolo]
3 914 QA1 7]20] glo] AEH 717} 23kl g o] ot o] AlokRelo 2 g
831 91Tk 70 who] 97k AJAR 5 WAYSHE Aistolol thk $14g bAl 7] o] ula
wo] vto] @712 A4kt A:3kle] fFo] FAHES T BRI} Uk

SN

T
i
3
=,
N

S o o>

St =0 E5E HIO|Q7tA SUES| FR S2LUR(356~37°C)7t LiRZ017| W20 &
| = 7102t E=0M |ﬂH§5li aslls i747<|01| HES AR HAA 7:.
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b e

o #ee | | =X | ged | o g n'f*’f e | M
2000 1,731 541 8,150 109,659 611 120,692
20054 1,764 488 8,895 132,478 670 144,295
20104 2,867 435 9,819 166,328 343 179,792
20154 2,946 433 10,127 180,222 339 194,067
20164 2,942 421 10,426 177,916 409 192,114
20174 3,015 412 11,239 167,845 453 182,964
20184 3,086 407 11,358 184,722 601 200,174
20194 3,202 405 11,377 189,854 628 | 205,466

’O(gé%a?fﬂ 3.29 -1.51 1.77 2.93 0.14 2.82
,1%;9%((&;?& 2.11 -1.66 2.95 1.31 16.66 1.40

21 A}q nEeE Adrd 187])~487] Hd A=,
2% %%iih oA 7Rt 3 A Ap=olH, Hj2|2] 732 2017 o] ¥R o]A] vt Hk JHE
AR,
3) 7IEPHEE B FRT2ARS Qe e BN oA SARS HiETS SESHE WY, A, T,
A AR whsleg AR
Az BANE AR). NEEFRAL TS, Aa, HA, 7, 28], T BUSAMER(Z ). VeSS
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(RE 1-2) 554 AIS 57} 4 g
w9 5

P ge | s ETN | 27 Az
2000 289,714 13,348 23,841 2,013 2,601
2005 187,740 7,630 8,923 12,290 1,575 2,310
2010 166,226 6,185 6,347 7,347 1,763 1,635
2015 101,670 8,320 6,979 4,909 1,558 1,149
2016 97,498 8,138 6,822 4574 1,630 1,060
2017 94,107 7,803 6,503 6,313 1,559 1,089
2018 92,238 7,474 6,360 6,188 1,507 1,007
2019 89,731 7,276 6,168 6,133 1,508 963
2020 89,248 7,039 6,132 6,078 1,597 936

% 1) 2 A 427) A2,
2) %99} Hak 2014WRE 24kgo]2A) Eole A LAY A=Y,

3) WAL 201795 B Z4HRol 2] Heole] Al Ad 42,
A BARE D). FEEFEA S4H201A HElold AA A hips:/ vww. mirace. go.kr/,
AA4D: 2021. 9. 30.).

186 |



A7

ey

Iy
on
S
jmyl

0
[

a8 g
W8S AL o]9]o] A o7 U ARRE R &1 7

LEES

8

5

]

SMEA] ek& Ao, SAH 3359} 3450] ofsf wjho] EAAF YT

kA A

19

s

At

HE=

2021.7.

1,0007, /75| 712 v,

ol

Lo
@ Z=A] AFA

HAF

% g

)

—_

Ho

A9 AZ A A9

OF ==

2= | 187



SQ1. 715t} A2 o gA HAY7?
O) -5 @ oA

Mo

SQ2. At ¥ AF 2 ofFA HAY7?

H_ A
SQ3. Aste] @A AFA = v= 5 old el gy
OAe O™ O™+ @Udd 6FF ©HA
®7371 ©4Yd 0sE 03d 0dE odd
BFd GAF OAF

SQ4. F1310] @A) AFA 2L ofdA HAY 7}

OR - =) @ ZAAG(EBA, FHA)

@ ZAAG(FLEA)

$Q6. At SAA Y (G L Edhel A U7R?
 Siet ® gt

188 |

Q
2]

ox, o

A

®



S2 520 EAY Y T, AFSA] o= EGA B/t

AL 231910) 4] 7153 594 7] % o] Zo| o afeka sk )

O3 7Is(F7H ol5) @ FA4A 7eEd) © vssit

A2 ABHEY 21 Q1SS B9 Hohe H41910] BARA ] i Fr}
A5t0] Z4bE FoASlo] A H o e FEHYUA ()
D AT ol @it @ EEG ®IFT 6 uS gt

221189




[

Ao A=A

]_

<)

i

=
nn

=, AR

=
=

1w} Yol A 27k

=]

EREX]

o] 27}

=3

ar
=

=

of gl
=

=
=

7H

o, HA|
=
2 LA A )

=

=

[

F= WA

RN
AN =

H] &0 ]

S}
of

X, 9}

H
R

2} ¥ 15

o

50
el

A
T

LR EEES SREEE

1

.

-

-

2

0

=
=

Bs v

=
=

of 27 23k A8 % 10%

Ao 7}
= A1 A

=
=

7152 o

ojp
o%
7_
ay

o

°

bk 32t

I3

s8)

3 A2k

9]

==
®5d

@4d

4ELR)
®3d

#o]c}

) 5417 vkt

O

N
<0

&0
N
IS
oo | &
JK @

=

O

i

bl

~

<M

ol

1

= o

i 20

or 0 ofl

w | 3 =z

S

20

_Il.l_l

190 |



O

B2. [BIo]A] “@ Ae} o]l ST B] AN = HAL 4FE Lot X2 F2
ofE AU ()
O AF A9 @AY F

B3. [BIO]A “@ RAepoll S&] ASHAIA 4t S doput Ah5 F sty 71
C )
@19 128 @199 343 @ ol 1281 @ 1500 1~28¥1 572 vjd

B4. [BIofA] “D Sle}7ofl -SR] FBHAA SAt &S HotE A0 1 ==
ol R A
=qotx] - =HYE L
g E " £

© © @ |6 |® ® ® | © ©)

BS. [B1OA] “@ QUepoll 3|1 FASHAA ot Al SAtbF7F A E = A3t Al
7l ALYzt )
OE 249F 07 @A 60IFsY

221191



B6. [BI0]A D Atk ol Set 491 AspAA RolrAl oS 2AgAI 2]
A ﬂdﬂwﬂ}?[i#%%( )

OEM 577 (8)-ou] Ao oI5k o43))
® HuA D FEAUA A, A G EAE 5)

ORI RAR )

® 71K )

B7. [BIOJA “@ ot o]l -1 FAsHAA EotAl S4t o 2] 552 FAUY

O @242 @A @SA G4aEA © 28 OF 2=,

BS. [35 B8] ASPANE 1 uh2ol A Z4Hs7b7} gloj Aok aheka A2at

@ @oly e
% U 2410 2AME 2, 9734 BAst 5 3 A Ao w Bea, AR 2

wetd 241910 7 Q15 o RAIS 1] e B ulgo] 2 a gt olefgtu]
° ot ohUjet 4R Ee Huo) JUow sfasiof gyt

# S ZAkglo] ABSHE A 715-e SASHAAE S0l T oF WS Zoliv

2T DL ST} ARRI} L s ol U, E Aleke shi} S0
% 7jAl0] AHe Yt FUSE Srel7] thEo] ol FE o] R o] Haghs.

* ThEbA] S4H91 02 QT P EAIS S EeH] SshAE Rl A Yol Wast, o]

S2RY S¥RgT e Hojol gt oleat A9 7

o 4704 71 70] R 4 G Bolo] s olFA Tt

192 |



O000YUE 7 AL 3 %W/}?( )
@ °f [~ BT-12] @ o4 [~ B7-22]

B7-1. A8} /7ol A S410k2] AAHS 98] % 5 S EMRggow |
|2k 0000AQIMS PRSPt A&U ()
D [~ 3% 5 BS AEO 2] @ oM Q [~ S F B8 £O 2

B7-2. F|5} 7}Hol| & A M-S o FE 5 B EEREEECRE |
Azt OOOO(l/ZHH)% g5 QAL AsUI ()
O [~3H FBSHFLE] @ ot [~ B7-3 AEOZ]

B7-3. 1%, 3k 7F EA0H A o) FF 5E U SERTR,
2 91 A3 A2 At goA
Dol A Gt = [~ $F F B AROE]
@ oPU 8. A2 oAt ot = [ S 5 B8 AEO ]

B8. 1ot Aste] 7ol A FEAR A @AM, O] F402 s % 51 54t
W 7 F7HH e A EsH & Qe SEFEE] a2 drkdd
U7t &5 59 51t v d ( e [~ SH T BI0 AFEOF]

D AR W AH o197} ¢irk

@ AL W T el ofit

® olv] BRE AF 0.2 FYE|ofof gt

@ ZAY AL TR A7} s A sfor & RAol )

= 1193



St
CREEREFARE PR

@ 3R YA

AE
-

®=

]
<

o
TH
ol

© 71EK(

g A&l A2 Fe=dyr.

Hgh 8

35
] o

w7}

10% O[AfQ]

2%

o

[\

T(

10%

9%

8%

7%

6%

5%

4%

3%

2%

1%

0%

=

HE2

)

A7 (

194 |



DFTELEY ol @ 15tw 2 @ veta 59 @ vt 39

DQ2. Azt A P2 FAAU7?
DEAEFT. I+ 5) QAU REY) O ddsAtdd

DAY G B AL CHETENSEE
DARAEH ®AGWARY @ 7PgRR
© 5H RS 7K )

DQ5. A O] ¥ B+t 7H- A5 o2
@ 2009+ T] gt @ 200~3005+g] ugk ® 300~4oou¢% o]t
@ 400~5005+ w|RE B 500~600%F 19t ® 600~7009+] =gt
@ 700~8005+] 1|qt 800~9005+9] w|wqt © 9005+ oA+

S8 344 AR

221195



ZAL

SHYO| 2FZ Mol Chet 2| 4]
|

u:[o

YA (S

q: ( ) =94 (

m )
mA g 194 2.94
A

md F:
®m 7FEARS 3 A ( )
W& 0199 2.5%] 3. 24 4. 84(F17]) 5. A2HA)
E}\ 01:/\:
Aol et % Q142 ofd Hojet ztet

O
oZ

AFiof 4
SR

\
=

Al. =4}
A
DS B Aol @ ol @ BEolct @ 3ol 6o 2ol
sHU?

Al-1. 4 0] S EA| o] A

O U FHZoct @ FZo|tt @ BEFoltt @3
A1-2. 241 0] A EA| A F= AFYL ofF Flolgkal A ZbsA Y 7t?
O ue- FAZoltt @FAg&ott 3 Hgoltt @ g7gZoltt B ul$-3g&olct
A1-3. SO @A EA oA Ys AFYS o E Foleta A ZbshA Y7t?
Ouje- FAZolct @ Fog 4ot} 3 H-golot @ g78Zoltt &34t
31 A2 Y7

® -3 Zo|ct

196 |



)

DS R oIt @ Rt @ BBl @l B g ol

1
o

@ et

© At

)
pira

5H

4%

33

23

2AULA BIE =X

=
=

of

A7) vk,

4

o
HH
ol

ﬂo
ol
HH
—_

=
=

El_]_-

of o3

2

A Foll A5l o

o

—_

]
=
53

2= 1197

4%

33

2#

il A7 vy et (14, 2

e
|

ZH
A

B

F

—

o
2ATIA HE ZHO

[
[

= 212 H0f| o
4ot

3

EyoR

-

[

E)

Ad-12)
22

=
Ex

7t

)

2



o]

1
.

St

1)

o
N

54|

0o

==
=

3f ok

O

of =

|

2

= 7}

3h

5

A

A1

il | gy
m.__._n m .__Ar“u___ 0|w|w|w ° _;_A_u_&__._._mamd
o° < Lt g._._._._n.u_.ﬂ.u
= N o] @ gh ol =1 51 | w
Oy s <F o0 = &T
ok rE Mou ) X @x_ﬁﬂ..x.wh
=} T 0| my LH M = o
6 o
m_m ol o STV al 7 31 Ko JII
v 5 9 %..x.%a_m_xﬁ
SN K ) do-o% g
- t - @J__L.Ammo_.on.“_.._w._. < | <
R |ala ol S om )
N R
= ,UI O_L ) MMM ™m ,mﬂ R
= {n 5 or K igl &0 -
I+ o5 K @ xRN oo
z0 o T | o 0 1f 30 30
iod IH N =
iod - > S -
" = o ~n m._=x2___2 ISEESBRSY K W.H_WWLWEN_A_._Q
= f N JK @K ? o o~
i} =3 | — iy J._.nA u K X110
o G - K Ko & k=
R _
' lm |M [ T Z
m_ﬁ.v 5 |3 o A ) [ R ) ®4x._mmﬁ -~
=) = o] = K- A Ik o
R |2 |5 ) T X e 3=
w2 (0 | e X T R —
W = |F | ~ W oy T B
= _uﬂ Hnm = ~ ol T 1 =8
< = —_— . 1
o N R Y - % W |y
olw @ | gl F O K | BT of X 3| 2| X
D oo ) ] B M U I B ) ) o SHaw| =
ol ™R R = Kok | | = N o il | o
ol RU| 3 = (T | R & T N . Slo | EE = ol Iy | U K
FDAL T e B e S IIED:
AR e Y N T |2 x| 8 op A ) A
IH mE | I IH | of il | of XJ —_ k| 3 | R | 2 ) M| DH R Dy
K 5 é%éﬁﬁ? W = e Blar &% » X | | A
NN N KT “ =lalals < Y
= & s |= b = g =|=

198 |



—_

* 24 BAFEA| Q] A sl dig AEUUS
A R, YAAEA, F4 571 B2 ol ELolal H4FJ 0 2 QIg e 0 A2 A
A g1 Q1 QFA 0 2= Y HO| A A= T AU 4G Q] AR S ol A&
7158t SAMIAE HallAeE F=491 8 74 3ol a3t AI-FdYTh
Bl. TH&2] 2411 9) B4 RA o] T3] 2 FBEE A4 He Aol 22 FEL %
2 AFE, S AT E = §E2 G2 4o SHO FA17] Yo
42 —  WMs¥ - =2
si=
18 2H 3: 4H 55
1) 715852 05t £3 Q¥ 2| 1 2 3 4 5
2) NERRE WMol EY U2 X1t 2 1 2 3 4 5
) 7159 BUUE IHHN LAGHs 2A7tA HE 2X| 2 3 4 5
4) ZMOE 2| 1 2 3 4 5
B2. HAH AP RAE AMSH] 918 £AE BhAL Yz o] glrhe R Y7t
B3. 4t S EAZ AATSHY] 8) X7 SAlolA4] S7HE 08 Aol AlR 5
o] £l 21 o] UsU7t?
@ gitk

£1199



B3-1. 241 847141 A1 o] SARITHE, of = 52714 EASHAAZ U7

EXZA(0rIS)

o

-2
~
Ho
1o
[o)al
=
lﬁ
t—_l

FIOAT Zdioks 2etA HE ZA|

_('D___I

=

k

*FiAR) vrEg S4be A4 (20209 71%)

- %01A]: 2,411,000 - QF-F-H]S-%-: 8,196,000
-8 $:4,412,0009 2241 6,846,0009
- H]S-E: 299,302
< A:1,877¢ - AFHA): 27,3559

200 |
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(S 3-3) 40 S #42 vigist D3 23 2

ix CHIZ FEME DY 0|57 MDY
T A% &t A% 3t
A 0.266 0.652 0.508 1.466
HE(0g=1) 0.072 0.782 0.219 2.755%**
af -0.003 -0.719 -0.006 -1.357
ESEE I -0.027 -0.336 -0.026 -0.384
22 080I12=1) -0.172 -1.248 -0.181 -1.526
SHIE 5 -0.105 -2.357%* -0.079 -2.051%
A 0.053 2.487%* 0.039 2.112%*
HEX(EA=1) -0.265 -2.232%* -0.180 -1.743*
EMX(EAI=1) 0.190 1.746* 0.133 1.435
SMEEE=1) -0.169 -1.809* -0.214 -2.638***
Fh QB HE=1) -0.152 -1.544 -0.135 -1.596
AR ZAH(R=1) -0.055 -0.389 -0.030 -0.252
IINF=R -0.078 -4.880*** -0.128 -19.746***
InL -515.593 -1,040.594
I XE2AgH 33,855 29,191
(95% Al2|7271h (28,224, 43,808) (25,868, 32,330)

F 1) e, e v ZE2E 1%, 5%, 10% So5E0lA BAM O Golghe Ueh.
2) Al Qq_ﬂ-o HAEHYS 0] 85la] = XJHo]-
A A A,

AE L, o]53A FRAHEFGNA

FAH A FAEY S o8 A2 A9 95% A= FLFA F
AT RGO A= 28,224~43,808 4 0.8 FAE| GO, o] FHA FRAIHET
ol A= 25,.868~32,330 0. &2 7= ATt Aot o] FA A wFfd, S =l A
A7 SAkerH A ARt XA A SEREF 2R A=5kaAt o=
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(5H 3-4) SLt3| Mo ZHE HI =3

HAIZY 23 JHOIEN uid og
Y
ciel ]S tl o=
74 XIZ2AZH() 34,341 29,873 33,855 29,191
HAZEAFM =H HIE 7,378 6,418 7,274 6,272
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(8H 4-1) 20184 SAEE MALTH EQIH| 4
9 %
e Lis 3R U= 2 7|EREA
I-"—- Eol Eol Eol| Eol| Eo|
A= A= A A A
1 AE 481 AR [50.1|  AMR |425] A2 |392] A2 (203
AblA L _ AMH|A L AMH|A L MH|A
2 7|E} 775 Z-AD 597 J|E} 8.04 J|E} 9.03 7|t 6.58
MH|A gl
3 oAl |5.87 J|E} 525 -0 [5.70] 7B |6.84] T-a0f |3.30
4 H 3.03 H 265 2% (212 T-AN (536 HMEY [3.14
™2 THA- S0
5 o 218 HMEY  [2.19] MEY  |2.02| HMEY |2.37 = 1246
=7 =HE
M- 7tA- s M- ItA- =
6 M= |1.59 =5 1.78 HIA 1.84 =5 1.73| 7IEt=AM (223
SO S - THA- N
7 A 1.42 A 1.09 =) 1.66| S 1165 2&  [1.31
e
8 28 075 =& [0.73 Eij'f 146| 25 |46 YME [1.25
= 3= SEOY HE-ItA-
9 U=Z 1068 A |0.66 Pretes 1.42 MHI; 1.24 =5 1.21
lé‘iﬂ =]
10 SR |0.56| <2YE  |0.50 H 1.35 o= |0.99 H 0.85
ZO0[HIZ
=t
Sop 74.06 72.60 72.80 73.24 47.55
£t
g 25.94 27.40 27.20 26.76 52.45
oS
A 100.00 100.00 100.00 100.00 100.00

At&: $=23(2020). 12018 AHY AT E-ARHE,E o]-8-35) 25k
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(RH 4-2) 20184 FAAH0| Witeysat

w9l 419

FRHET
e uoE | AMY | Eri ]
A3 Moy | auouon | guouoy
Ys 2.31 2,444.7 3,191.3 5,636.1
o= 2.27 5,1564.3 6,548.1 11,702.4
4y = 2.28 6,455.5 8,271.5 14,727.0
= 2.20 4,712.6 5,641.5 10,354.1
7|EfEL 1.80 733.5 586.3 1,319.8
M= 1.80 10,414.9 8,341.1 18,756.0
S e 1.72 22,626.0 16,199.1 38,825.1
Y AU 71A 212 3,534.3 3,943.7 7,477.9
SHMA SHAHAMH|IA 1.78 1,115.0 874.9 1,989.9
B & Sk
e T 1.58 4,346.0 2,529.1 6,875.1
HUsE 2.46 7,468.3 10,927.0 18,395.4
=5 A |IEE 2.77 21,355.9 37,756.4 59,112.3
Y SAEE 1.74 72,942.8 54,121.0 127,063.8
T QLA 217 151,469.0 177,176.9 328,645.9
B2 4 ZASRIS
12k &l T3 1.76 3,174.0 2,407.6 5,681.6
A del 1.80
Az A B N E AST 2]
(RH 4-3) 20184 FAYHQ| RIIRIQLEDL
9k 419
SPRIREE
g2 ST | KR Ef At} ]
QUL | BIIReY | SIpIKIgu | RrpiRIeue
s 0.687 634.2 1,045.6 1,679.8
i 0.677 1,412.5 2,078.2 3,490.7
S o= 0.702 1,756.1 2,776.2 4,532.4
= 0.669 1,261.0 1,892.5 3,153.5
7|EfEL 0.809 384.7 208.7 593.4
NS 0.457 1,264.2 3,496.4 4,760.6
oofE 0.723 9,499.6 6,850.1 16,349.8
Y AU 71A 0.629 759.3 1,462.5 2,221.8
S SHHYAMHA 0.842 574.0 364.8 938.8
B &S]
OIESE 2] E8D 0.867 2,745.5 1,022.7 3,768.2
HsE 0.679 1,207.9 3,864.5 5,072.5
=5 A |IEE 0.692 2,498.2 12,272.8 14,770.9
Y SAEE 0.668 26,047.9 22,573.4 48,621.3
T QA 0.788 48,711.1 70,676.8 119,387.9
B2 4 DASRIS
OIE2 &l 13} 0.515 662.0 972.9 1,634.9
A de o 0714
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& A E COzeq./9, %
o Hs S8 U= U 7|EEEM

= HEE HiEY| 22 |HiESE| 22 |HEY| 22 |HiSE| 22 |HSE
RERA Ly 1682 jo0 [A9B2 o 17978 864.8( 0, | 256.4
eapamzzE | o |726] T (g0 o |eas)| B @705 603
Ef AtQIHE A 626.2 A 1234 A 1,485 A 974.9 A 113.4
earpatiE e )| " |@7.4) T 1(19.9) T |(@s5)] TN [(B3.0)] T |(30.7)
RERIS RIS RERIS RERIES RERIS
124 | 308.0 | 573.6 | 708.1 | 522.3 | 55.5
29| W [111.8] H [217.6] 24 [300.2] 2& [188.0] 2& |20.0
Et At 329 | 24 [953| 24 (1998 H |164.4] MZY | 91.7 | MEY | 125
Coe | 4% MZEY [ 453 | HEY [ 987 | MIEY [1265] B [39.7] B [107
it Ve
= F AL
HISZF (529 | AME | 195| AR 422 AR |465| A2 | 314 P 3.0
sop | MR 42 gl 249 7|2
6a2 MEtE 8.5 MEHE 17.7 ot 29.6 xepEe 242 A2 | 25
£ 2A7IA QulEF 2.281.4 6,161.6 3,296.1 1,839.7 369.9
(A+B) (100.0) (100.0) (100.0) (100.0) (100.0)

Ag: 2 A7 SPAYAURE ol 8 A=

SH 4-5) 2tFHIZS 125 MUY ZHN TS IHAHMY & Ef MY QUEI)
©@2]: 109 €/

= Hs | BI9® | = 2 | 7IEEL

Aot 2,444.7| 5154.3| 64555 4,712.6] 7335

HMREA 2.31 2.27 2.28 2.20 1.80

ZH MARS L) 5,636.1| 11,702.4| 14,727.0| 10,354.1| 1,319.8

T2am (129 (26.8)| (33.7) (23.7) (3.0)
= SIPIRIg LA 0.688] 0.678| 0.703| 0.670| 0.808
1,681.4| 3,494.0| 4,536.6| 3,158.4| 593.7
(125)] (26.0)) (33.7)] (23.5) (4.4)
781 259.2| 3625 2164 215
(8.3 (27.6)] (387 (23.1) (2.3)
83.00| 280.70| 413.50| 247.40| 23.80

Z|0

siH| IHH(D) 79l @69 @Goa @38 (23
2 SwAnE e onn e 508 1372 734] 41| 82
HIg 9wl TR oA BEe| 36.9  1000| 400|193 57
E A 2ATIA H|E QL 13.9 27.2 33.4 21.7 25
_ B I 27.3 122.0 289.1 175.4 13.3

ESITETRNE
SUAHHEIE ES|u) 32.2 143.5 340.1 206.4 15.6

B0/2S
Daf3t
2R [
L35y | ©°

o
[+
Ag: E A7 SPAYAURE ol 8| A=

1,617.2| 3,262.1| 4,2075| 2,963.7| 574.7
(12.8)] (25.8)] (33.3)] (23.5) (4.6)
1,612.3| 3,240.6| 4,156.5| 2,932.7| 5724
(129 (259 (33.2)] (23.4) (4.6)

B A 7P IRIREA(B-C)
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(2E5-1) 32 7MQ L 0/ZAS 1|8 T2 73

3S NS 20N e BIS T2 1d
- o = A2g0
= 23 ﬁ;:';f) TN FA2E 207 (ko/021/D)
. (kg/0t21/2) FE] AZ
1 50 ) -
7 70 Tkg OIHH 1.0 -
S0tK| 3 95 10 2.0 -
4 120 15 3.0 -
5 145 2.0 3.0 -
6 170 25 3.0 -
7 195 3.0 3.0 -
8 220 35 3.0 -
ox 9 245 4.0 3.0 -
Ry 10 270 45 35 =
K 205 50 3.5 -
12 320 55 3.5 -
13 345 6.0 35 (3.5)
14 370 6.5 35 (3.5)
15 400 75 - 3.0
16 430 8.5 - 25
° 17 460 95 - 25
HIS B 18 495 10 - 25
19 530 10 - 2.0
20 565 10 - 2.0
21 600 10 - 2.0
22 630 10 - 2.0
23 655 95 - 15
24 630 95 - 15
25 700 95 - 15
HIS 57| 26 720 9.0 - 15
27 735 9.0 - 1.0
28 750 9.0 - 1.0
29 (765) (9.0 - (1.0)
30 (780) (9.0) - (1.0)
A 5E2053(2018b: 303- 308) T A 20749 H1g LI " Fe-5el7| 4 Aol 6 TS,
hA); 59 EE'L Zoo]R], “SH AN 2870 €= ¥]8- =2 134 "(https://www.nonghyupsaryo.
co.kr, AAY: 2021. 9. 20.).

2= | 215



(5 5-2) oI HAR S HISRQ| YHUTAHE XIS X Atz 93

= SR M= =g A2 52K ko/0F2]/2)

= | BT o) | ) | wEne | wm A
SOX] 203 15.2 3.8 1.6 5.4

SNES e 335 17.4 4.7 2.1 6.8
EHIP 487 22.3 3.2 5.2 8.4

Ty 341 18.3 3.9 3.0 6.9

20}X| 191 16.4 40 14 5.4

242 342 15.8 5.8 2.1 7.9
HIS2 HISM7| 466 28.8 9.2 0.8 10.0
HIS27| 542 27.3 7.7 05 8.2

T 385 22.7 6.7 1.2 7.9

Aa: HELEH(2018b: 393). eH7Iedsto] 6 T,NEH).

(FH 5-3) HA9 ZAlg 20| ME Y 2HE Mg 43

A= =1
9! (TDN 60% O[4f) =X (TDN 54~56%) XZ! (TDN 48~50%)
oo |ME[NEHE | 20 | AmHE | =0g | AmHs | =0
B | % | kMR | o | ko | %) | ke/mRIY)
iz 5% muz | % oz 5% oz | 5% louz 5|z | B
2R 2| P | e sz | | e M2 M2

4~6702d | 130 60 | 40 | 1.82.3|141.8] 50 | 50 |1.4~1.8]1.8~23| 40 | 60 | 0.9~1.4]23~2.7
7127102 | 247 90 | 10 5069 0~09 | 75 | 25 [4~B5.0] 1.4~1.8 | 60 | 40 | 3.2+4.1]23~2.7
13~1572E] 365 | 100 | 0 |8.1~9.0] 009 | 80 | 20 |6.3~7.2| 1.4~18| 65 | 35 | 54~6.3|2.7-36
16~2271 23500 [ 100 | 0 [99108] 0~0.9 | 90 | 10 |9.0~9.9] 0914 | 75 | 25 | 7.2+0.1]27-36

AR HE2ATH FYSAHETA(2017a: 215). FHT7IEAIFRE .

(SH 5-4) 312 ST i i

o . e EwbizHkg/021/2) SRS
= A g [ = e A (%)
01| 203 8.9 23 1.2 5.5
bialo EFR 335 10.8 33 14.1 42
=T ZHIQ 487 15.5 4.6 20.1 4.1
AR T 342 1.7 34 15.1 46
ZO0K| 181 89 27 11.6 6.1
ERL 342 10.4 4.0 14.4 42
H2o HIS A 466 13.0 73 203 4.4
25 542 10.6 6.3 16.9 3.1
HISS B 383 10.7 5.1 15.8 45
MR B 363 11.2 43 15.5 45

A SEAEH SAUSA007). 2007 FRAPEE B9y ASAEFUAALI2009: 210). TS
249 YA, A8,
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MEIEH| MBS Ertidzike/0l/Y
(kg/0H2]) g b A
242 206.0 12.0+2.7 8.8+4.1 20.8+4.5
ML 413.1 17.9+2.6 11.6+3.1 29.5+4.5
UHRL 577.3 25.7+6.9 12.7+3.4 39.5+6.4
Qe 694.3 44.0+5.4 32.3+6.1 76.3+6.0
ey 4727 24.9+13.9 16.4+10.8 41.5+24.4
A7 HE2AEH(2019: 317). 5714 50] 1 Y.
(8EH 5-6) 20203 ZAlz SRYH HIKFS7IE)
7= Holg B Az K| = I
H7HR/kg 141 143 417 198 138

)
F 1) Alst

YRt A Q) 7w 2.

2) QXA Bl 2 MIX, FAREA, ERARALR 5 719 7158+ Drlelw, 7HgH]7F 2+ o] 2.

3) Az 9 HRAe HAR A B B,
A AR Q021 84). TRAR Lelol BRAE 75 e B4,

(FH 5-7) 2019 £FE gtz 7t

&9l A/kg
sk A =X
7= | HISXY| HIES?| | HIEZ7| | O{2IB0IX| | F&0HX| | ZS0HX| oIAlQ HAR
(250~399kg)| (400~499kg) | (500kg~) | (O~37HEH) |(4~67HEZ) | (77HE=-r)| =77 | EiX]
201591|  38431| 415.00] 40055 517.81| 40255 436.89| 430.94] 549.83
20164 |  37437| 395.18] 402.98] 51654 434.83 422.44] 45347| 567.35
20174|  37159] 38828] 397.39] 519.80] 43869 417.85| 450.09| 586.04
20184 |  377.27| 39456| 40069 53024 499.12 434.89| 444.50| 596.57
2 376.80]  398.28| 400.40| 521.10] 443.80 428.02| 444.75| 574.95
AR FRAAAF2019). "7 W SRR,
£H 5-8) STH MY g
=z IS A HISE HAIE
- UL SHY| SolIE |AMSU:| FHMURE ., | UY SHE ALY
g= |=° AR
ko/2) | Go/o) | (@) | (g 0) | =0 gy | @ | MY
2000 0.91 444 495 6.872 - 062] 159 15.0
2005 0.78 538] 588 7 861 - 065 158 14.4
2010 0.83 584] 658 8,325 - 066] 158 15.1
2015 0.76 632] 736 9.201 312 067 158 17.0
2016 0.77 7000 747 9109]  3.11 068] 154 173
2017 0.78 723 744 9100]  3.10 065 161 17.2
2018 0.77 746|730 9134 312 064] 163 16.4
2019 0.80 751 728 9,269 - 064 165 16.8

FMSY(RE 59 £51 viSle) = FEE HA] =5 s/ dd s ZE viEls

A FARE A). FEAEPEA,, 58 R NFARRL WRALR, SAEFEE7HE(2020). 12019
SEWESARL,, FEBAAF(2019). 'FiE7HE 9 FEAtE,, $8 SAEAHE dx). 7t

548 o183t A&
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5. PI007832. m=&2R T A,
SRS, 2015, EU SR (IPPC) BAT 7124: 7135 9 7] 413,
2. 2014, 15 0 AETR| 71 2A A,
F5-8-09 901877 WS 2020, THA 7] S 2 FEAA 24,
ARA TF.2020. 992 ¥H 0 LW FT) A,
TAEA 5. 2021. 12050 A= A L8] 2.9L.
2772020, " AN 24 240 BAGT A, Aok 41295, 3
COIESE]

o)

o)

AEE. 2021 AR S4B Av] B4 BA A7 SRS Skt =8
7874, 2006. "R A ATHE A W EA 0] B AT, LB ANHUAR),
2005%

2011 TEAA A TR

2400 AL 2000, “5JHE o 7] 48]9] CO2 M}ET 2L P27, 32(1): 41-61.
- 273422018, 7R A 2] AL A58 7}, E18-2018-2. &
=AA AT

oy

c

ofy m
¥i:A
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H
off
rh

2019. “OJ%AH Aba) A

2020. T A SAMAE =257 2020,.

2021. 2021 SHFAEALA A BAA,.

2006. VRS E89 AAETEA AN,

2014. TN &7Fs 3 A SA ST A,

. 2004, VSRR He-o]§ B,
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m=

=75 2020. 'TEH HRI= 2050 A % e

SHSAAEE- S E. 2004, VHSE e o] ST .
HEA5H FESAYEY. 20172 (7SS EE D4
HEATH PSS, 2017b. (=7 FEAF RS TS
L2853 ZYZAAEHY. 2017c. (ST AR =7,
T2 THSATY. 2017d. =TS AIG RS AARAER
257 2018a. Fsd71&A o] 3 HA 727,
FEX57.2018b. 571 d4o] 6 ().
TENEH.2019. FFRA7Ie 2R 1 Y5y

SHAAAFE 2019. FEAE7HE 9 SE AR,

SAAAANT ZaNFAA L WEAE.

SAAARAF ZaNFAAA. 2020. 20199 % 3+ G075 AH A HA,.
58 SAHEAH. Z A TEEA,.

gk

gk

HE

d 4
7 & e ‘E‘#XH*J'EEHQ 2014. “-}5:]_‘ }?:] cg_mg_rﬂ AL 0] 83} EZEQ] o]
Aretetas v & Mool YA, Au A o] Ao B4 M550t ew
A 56(1): 61-70.
HHAg ol AR5t 2015, “Y Ye (R )2 HE O AL gt A B
7} Fepatel g 8k 3) A, 37(1): 52-59.
SHAF FEEAE. 2020. 20199 HiSHAE S H B EE,.
HE- 483 A2 - AA0]. 2016, FSRZAE 12T vl SAEH AT A
T, C2016-15. SFEEZAA ALY
AESHAAN-A7E. 2018, THATR ] AHE] A H Q) o] A et A A (172
A E),. R864. =52 H A A+
HAS A2 A 2019. THAEY 9 AFS] A Q) o] 3 A of A A (2/2
A ), R896. =& 3 A A<
O| AL S-S, 1998. T2 HIYF7HLCA)S o] 23 A4, A=FLBRUT

o AR/ DGF ALY AR AU FAT ASF. 2019, “5FA
: s

o
o+, G 2 F EA A Y3 FF AN vy R869 AF-AF=E-1.
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