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ABSTRACT

Analysis of the Integrated Crop Livestock Farming
System and Improvement Ways

Background and Purpose

O The integrated corp livestock farming system (ICLFS) is an
innovative agricultural method that preserves the agricultural
environment and creates economic benefits by using agri-food
by-products and livestock manure as feed and fertilizer resources. In
this regard, however, this type of agriculture has not been properly
spread due to the operating difficulties of resource-processing
companies, sluggish demand for fertilizers produced through this
process of resource conversion, and complaints from nearby residents

regarding the installation of composting and liquefaction facilities.

O Recently, ICLFS has emerged as an important means of sustainable
agriculture. We will examine the concept and necessity of this
farming system and analyze the economic and environmental
benefits, factors impeding development, and people's perceptions of
this farming system. This study aims to propose a way to revitalize the

ICLFS based on the examination and analysis of this farming system.

Research Methodology

O To analyze the effect of the chemical fertilizer substitution for the

organic fertilizer, which is the basis for economic and environmental

viii



benefit analysis, we estimated the Directional Distance Func-
tion(DDF). In addition, the Contingent Valuation Method(CVM) was
applied to analyze environmental benefits. In order to figure out the
status of ICLFS matter, we conducted surveys targeting companies
making compost or liquid fertilizers using livestock manure or feed
using agri-food by-products. Also, we carried out an ICLFS-related
AHP expert survey to find the inhibitors of ICLFS. Data research was
commissioned for policies and case studies related to ICLFS in Japan,
China and the Netherlands. We interviewed people working at the
Institute of Livestock Environmental Management, the ICLFS complex
(located in Kisan-myeon, Seocheon-gun, Chungcheongnam-do), and

the composting, liquefaction and feed processing companies.

Key Findings

O Regarding the nutrient input status, the use of chemical fertilizers (per
ha) has increased by 1.8% on an annual average since 2011. The
production of livestock manure and by-product fertilizers is rising,
indicating that the possibility of soil and water pollution is still high.
Accordingly, restrictions on livestock manure have become stronger,
and the obligation to reduce greenhouse gases under the Paris Climate
Change Accord must be fulfilled. As of 2019, the ratios of fertilizer
and feed cost to the livestock production cost accounted for 9.9% and
35.8%, respectively, and have increased slightly. In addition, most of
the raw materials for chemical fertilizers and blended feeds are

imported from abroad. There is a risk of rising prices of raw materials

ix



due to global crises such as the financial crisis, pandemic, and
abnormal climate. These environmental obligations and the burden of

production costs are acting as obstacles to sustainable agriculture.

ICLFS reduces soil and water pollution and greenhouse gas emissions
because it makes fertilizer and feed by reprocessing livestock manure
and agri-food by-products. Therefore, ICLFS is advantageous in
fulfilling environmental obligations. If agri-food by-products and
livestock manure are used as resources, they can replace the
conventional compounded feed and chemical fertilizers. Because local
or national resources are used, foreign dependence can be reduced, and
as a result, global risks will go down. As such, ICLFS enables

sustainable agriculture in both environmental and economic terms.

In order to estimate the economic benefits of ICLFS, we analyzed
rice-Korean cattle reciprocal circulation in Seocheon-gun,
Chungcheongnam-do and the use of livestock manure resources in
Cheorwon-gun, Gangwon-do, and both cases showed benefits. The
benefits were gained in the 5th year in Seocheon and the 13th year in
Cheorwon. The higher the initial investment cost, the later the
benefits came. In the case of Seocheon-gun, Chungcheongnam-do,
we applied the CVM to analyze environmental benefits such as soil,
water and air quality improvement, biodiversity enhancement, and
landscape conservation. The willingness to pay was an average of
13,960 won (per year per household), and the economic benefit was

calculated as 20.7 billion won. Therefore, the benefits generated by



ICLFS should be considered not only economic benefits, but also
outcomes of improving the agricultural environment. Based on this
result, it is possible to promote the general public's perception of the

benefits and support policies of ICLFS.

As a result of estimating the DDF to analyze the chemical fertilizer
substitution effect of organic fertilizer, we found that the marginal
productivity of organic fertilizer is not high for farmers who cultivate
rice and raise large animals. On the other hand, farmers who only
produce rice without rearing large animals show a considerable level
of marginal productivity of organic fertilizers. In addition, in the latter
case, the alternative elasticity of the two types of fertilizers is
estimated to be about 0.147. As a result, in large animal breeding
farms, the ICLFS within the farm leads to an excess of nutrients, and
nutrients can worsen the environment. On the other hand, in the case of
farms that do not raise livestock, a positive impact on the agricultural
environment can be expected by reducing the excessive accumulation

of nutrients in the land through the substitution of chemical fertilizers.

Regarding the projects related to ICLFS, there are various difficulties
for each project, which hinder the project promotion. In the project
supporting livestock manure treatment, the operating costs of
participating resource-making companies are high, and demand for
compost and liquefied fertilizer is sluggish. Regarding the regional
eco-friendly agricultural complex project, the types of eco-friendly

cultivation differ within the region, the size of eco-friendly livestock is
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also different, and the participation and interest of local farmers are
low. In the case of the project to establish a mountain ecological
livestock farm, the cost of creating and managing grassland is high, and

excessive grazing causes environmental pollution and forest damage.

As a result of a survey related to the operation of joint facilities for
livestock manure recycling, we found that the economic benefits of
compost and liquid manure sales are low, and management costs
increase due to aging facilities. Also, it is difficult to raise the manure
collection fees, and the seasonality of compost and liquor demand is
prevalent. In order to solve these problems, we discovered that
appropriate countermeasures such as high-quality technology
development, efforts to expand demand for compost and liquid waste,
the improvement of old facilities, and realization of manure collection
fees are required. Problems identified through the survey targeting
agri-food by-product recycling facilities are high self-paying costs for
initial facility installation, high cost of securing agri-food by-product,
difficulty in transporting and storing agri-food by-products, and
negative perceptions of livestock farmers on TMR feed quality. In
order to solve these problems, it is necessary to promote related
support policies such as increasing support to expenses required to
install the facilities, stable supply of agri-food by-products, and
technology development to improve TMR feed quality.

In the questionnaire survey for experts, the factors that inhibited

ICLEFS are, in order, as follows: economic factors of composting and



liquefaction of livestock manure (18.2%), economic factors of
feeding agri-food by-products (16.1%), and economic factors of
production and use of domestic forage(16.1%) and social factors of
manure composting and liquefaction(14.7%). As a result of
examining more detailed obstacles, the high operating cost of
livestock manure recycling facility, high initial investment cost for
agri-food by-product feed, low profitability of domestic forage
cultivation, and complaints related to livestock manure recycling
facility are the most challenging problems to be solved. In order to
further activate ICLFS, it should be considered for supporting the
operating cost of livestock manure composting and liquefaction
facilities, increasing initial investment cost support for agri-food
by-product feed conversion, establishing an information-sharing
platform related to securing agri-food by-products, and developing

technologies to reduce odor.

ICLFS is advantageous in fulfilling environmental obligations and has
the effect of reducing production costs, making it suitable for
sustainable agriculture. As a result of analyzing the best practices
related to this, we discovered that there are economic and
environmental benefits. However, as a result of examining the related
projects promoted by the central government and grasping the actual
situation through recycling companies and experts, we found that there
are many obstacles. In order to revitalize ICLFS, it is necessary to
prepare and promote various legal, institutional, economic, technical,

and social revitalization schemes that can overcome these obstacles. In

xiii



order to expand the demand for compost and fertilizer, the current
eco-friendly agricultural and fishery laws should stipulate exceptions
to recognize liquefied fertilizer as eco-friendly agricultural materials.
Also, it is required that support for compost and fertilizer spraying be
expanded, a distribution consultative group to promote compost and
liquefied fertilizer be established, and fertilizer ingredient labeling be
introduced. It is necessary to expand the infrastructure for the use of
livestock manure and agri-food by-products as resources, and to
devise a scheme for expanding facility maintenance. Considering the
high operating cost of recycling facilities, it is necessary to provide
incentives for excellent operating cases or to provide a scheme to
support operating expenses in connection with a public-interest type
direct payment system. A system for sharing related information
should be established to stably secure resources and products. When
such a system is established, ICLFS will be remarkably activated by
reducing information costs and increasing information accessibility.
For a wider use of recycled fertilizers and feeds, it is inevitable to
improve quality and evelop related technologies. In addition, the
government should offer consulting to farmers so that they can
properly use recycled fertilizers and feeds to minimize negative
impacts on crops or livestock, and to make the ICLFS effective in

terms of environmental and economic aspects.

Researchers: Jeong Hakkyun, Lim Youngah, Kang Kyungsoo
Research period: 2020. 1. ~ 2020. 10.
E-mail address: hak8247@krei.re kr

Xiv



S|

KO

A1

B
110

ol

15

25

37

40
46

070
.
F1
il
A1

o0
B

oy

i
Tl

-49

51

53
54
70
76
92

g

o

7l

Y
__o._._

Ho

4. H|=HA|

&

2

5. 8H|

95

117

XV



129
136
141
147
149
153
169
177
179
180
183
190
197
204
215

AHZ]
oo
7420|

gt

o

°

gt

=

24
BOARI| ZRAFEE «eevevseesenseeesensens s

BRI ZRAFEE «-eveeresesemeeses e
39
S OO

5
NS

Ou
<l
Ik
i .
< i0d
. Ho oH
NN B M < o < R
=3 |2 KO

I.
=
J
= 3 afeiH|= 7}
7t AHP A}

T
ofl Kl

il
=
Q
ol

l,

__OH_

=
=
=
=
o
i

US

.

3. AEH| L H[ZH| H|E e,
=
o
=i E|- ol
§

4
5. 7%

N7 d==esY

f
P
L
of
of
=
=
A

7

il

xvi



A

X2
(B 2-1) )\-IéHg__rLoﬂ)q HAIBE AZASHEO QAF THL v, 21
T 2-2) QE|Uet B QEAX]| 2A4 ADH2014E T|Z) v 26
T 2-3) BAZH|E AAZF EBF e 27
H2-4)H|Z YT U SZHRIR 220 AF(20T6L T|ZE) wovvvererrerreirmeieernnisnines 29
T 2-5) AR AFAIR] oo 29
T 2-6) 71O HHEL BER BIBE cvovvvvvrrrersnsssisnssn 33
H2-7) 2Q 2EE JIEElr LAZHQ0TOL T|Z) e 33
(B 2-8) KIISIEl 7IE By H|E AEO| ZTIE] TER| eeerereeeesrerssmmeeireeenissic, 36
H3%
(HE 3=1) E[H[QHH|B} T|ZE weeverrreerrrereesssesstns i 42
B 3-2) E|H| 2 OHH|Q] B IR J|Z8 worvereesemerserseiesis s 43
T 3-3) ZEXISEAIA SHEH2018E B T|Z) rvveerrreremmmmssmssmsnisesenines 46
T 3-4) LY RIBIZASUTER| KIRFRIEE SIBF ovveveeeeersreesmressssns 47
T 3-5) AKAEHEAZES RIKERE SIS} -oovveveeeeeremmemsenessss 48
4
(B 4-1) SEMRLBO| BN ZHN HY BIS HGT FHLYE oo 54
(B 4-2) AZ23H=Q QUMIH20T4L T|Z) o 58
(B 4-3) AZ23H=Q AN THIH20T9L 7|Z) cwrrrrrrrrmmemeeemnesnsna. 58
B 4-4) 201958 7|F THR| LH BT AHARZE oo 59
B 4-5) HHZ ZE2EH50] ©X| 01FT} 0150 BT SM(L2UAE) - 61
A4-6) HY HAOFE DEXFYSIUF| A|AEX} BB} -oovvoveerereerienmseeninnes 62
A4-7) BIQ ST} TFEE Iy RIBBIBE covveveereesreeseeiessssi 63
T 4-8) A HEUE DEXFYBIAR QUBITS --ovververererserieniserssisseses 63
T 4-0) 7|H|2 OHH| SO ZM|E FIF ZH] oo 64

xvii



(B 4-10) ZH|R O] BRO| ZHE FTHR01IE T|) e 65
H 4-11) SASTHO| TFEEIL FZ|H| crereeeererrerrerersmssessesssiisis e, 65
H 4-12) HY BEXHUHO| HISHY BA(SROAE) worrrsrrre 66
T 4-13) St H|L5F SECf AFSH| H|LD reverererrrersmsssmssssnsisiii s 68
T 4-14) 5t2 H|S L THOHZZOH H|L] rrerererrrererrrrerssesssn 69

(H A4-15) GG FIAZEQ oreveeerereeeee e 71

(H A=16) B AT oo 72

(T 4-17) 7| T|ZEH| eeeereereeresressessessnsssssssss s 73

(H A=18) S5 ZAT covevreeresrmseesee e 75

(B 4-19) ZEREHS0| 25t I8 T 71x10) AIZABAL} ZHIX 71R| - 76
H 4-20) LHSE2 AR s719] 7|REHZF (N=B87) revrrerrererererenes 78
H4-21) US S AR U= 5719 TIRSHY (N=467) oroorrmre 78

(B 4-22) R7VRHIZ /331|224 K7 LHIR/ MMM B v 79

(B 4-23) B8 SR ZAT} ooverrerreessessmssns e, 85

(B 4-24) S7|EH| 20| 315H| R THHIE SERIZITF orveereeersermseriseissisii, g7

(B 4-25) ZE E|H| AF2Z0]| [HR QHE EQIZf o 89

(B A-26) HIBFHZIBEA ZERIR| wovovvrevereeseesessesississis 90
T 4-27) SSEAHRIBIAN| YEFS O|RK[= BHAS s 91

HI5%

(H 5-1) 7158 KFUSE A TH| THBE Q74 vrveereereememmisieiseeees 08

(B 5-2) BEXS} AlM MX| Y QX2| SP(QITEY) B2t OHZALES v 99
T 5-3) ZEXIYG} ALY T ORAFBE - ovvvveereeemeemsreeeeceecscns 100
T 5-4) ZEXIYS TIEEr 27 T2 ORAFEE -oveeeeeeeeec 100
H 5-5) BEXS ZB5710] 5| BF BB RAL v 101
H 5-6) 71520 DEXUSAIY SBMO| ZQ OZARE} oo 101

(B 5-7) ZEAE5Y0 U3 71520 BENSAI 2% FHI2| o4 HE - 102

(B 5-8) AZLHSA0 U3t 715 R BERSIAILL 7[0] HIE e 102

xviii



103
104
~105
105
106
106
106

AR 2% FHO| 01 -

xieis|

O M 200l Tt /2 5

=eisd

A

(#5-9) 38

St
o

1 Of2A

SE v
S

2
o

TH(QIZ2)

=l
=

X RARE

FAIRE AR 2R

5|

(B 5-11) SAEEME X

(B 5-12)

OHZAt

ol

(YN =T SIS

1

O=ZAL

md

Mo
Ho

S
=

FAFY TMR AR

110
ofJ

= At

<
I
Hio
<r

Ho

(B 5-14)

__oO

(@]
gl

Af

oFl

(B 5-15)

108
-108
=110

FAJAIO| 7|0 RIEE oovveeenene

o=
2|3

SABRAS X

20 tet SAERME AEet MY 2F A9 O
Y0 A XS

010] A

[RLEy—)

(B 5-18) &

2l

(B 5-19) &7t At

(H 5-20) Xt

111

(H 5-22) Xt

114
115
118
124

<E 5_24> X}%%%—%%BXIQI XIQ‘-Il |_H 7|O:|E

(B 5-25) B=asY XA

HQOIO| HETE «wovvveeeeserseesseeisesssisess

5

Hed

130

(H 6-1) 2020 7|

H7E

150

{501%7%) [I:EMJJ;[L” 7|.|Jg|((|)_f)

[

(B 7-1)7t

158
159

Al HIBE(

(E 7-3) &b

Xix



J8 A

g
(TR 11 GITEZEE] F|H|E eereerereeeesesesseesesse e 13
H2%
(2 2-1) SALBO MO S| JHLELD oo 18
(O 2-2) SEASHMOIN AZ |0 2EZE] ZASE GIA oo 19
(32 2-3) 2 HARAM BEAGH= ASLEHEQ JHEE v 22
(OE 2-4) HQ AX|HRE FAS T} H|E oeeeereeeremesermssssssessssc 23
(2] 2-5) 515H|Z AL} R EIAEE 0| v 27
(12 2-6) HIEE SFSHH|E TFZd oeeeeereereeseie s 30
(12 2-7) HEE HISIAER TF2ZE 20| cveeeeeeeeermssssssessiss 30
(% 2-8) H@9 AR} A0 XFX[SHE BIZ #13H2006~20194) - 31
(3% 2-9) SYRAIBO| ML AE 7t F0/(2010~2019H) v 32
(2 2-10) 71E2k M GIE 7H F0[(2010~201 Q) wovvrsvvsvssvvssveseen 34
(O 2-11) ST K|ZTESAO|| T|O eevereerererreresesessssssssiss s 35
(O 2-12) AR RIZSTES ALY T|O wrevererrererresesssmsssssissisisis 36
3%
(OE 3-1) SEA QI|AHKFLO] BHQ| wereevereiniieeseiss e 45
x4zt
(2 4-1) Q7| EIH|2/BISH|E AFRH| Q] B e 80
(% 4-2) Q7|EH|Z /M AHAZEO| BEIT oo 80
(3 4-3) GISEHR| S ZERR|Q| BRI orvrerersrrertstsisisisisi st 91

XX



XNod

(38 5-1) A==y EX9 72 & /tsd R Ef XSG HE Ttsd e 14

(1% 5-2) AE&E5Y Mol Q0! HER FHQAL FQE s 120

(13 5-3) 7152 & UH|3F O] 2R THQAOC ZQE s 121

(A8 5-4) SHSEUZ MR SEF T4 QL e 122

(8 5-5) Uit Atz Yt 2 018 SERY #3249 SRE e 123
He%

(2 6-1) At A MALRIQE ZAMS T} ZF OR] R eeeeeeeeeemseesereeseseses 131

(12 6-2) @HIO|QUIATIIY A|EZTO|A| AR THQEE «orvverereemsrmieimmei 133

(18 6-3) Winterswijk X[F2| &7t Zt ARG A oo 143
7%

(2 7-1) ZE2ZH=QO| H|F D} BHE} 7| EHESE v 153

xxi












shul 2 e aat SARRR| R AR, 19T 7HE R SRS S715H Qs
20|t o] whe} oFE: vho) Aol ol Al HlwA Eot o] 0FsA
o E3 MRS ARE UAAE EE HolH SY YOnE BtE &
Hta glom, F8-9171, A AA ey, 7|5 uet 59 22 917]0] 4w

St B] 5o} AMR 714 S50 2 7= AJAH| ke vbA| Flc} o] 9} 42517
Q7 Au] ure L7153} =98 A §5lA "ok

1) OECD. Stat. <https://stats.oecd.org/)y. AAL: 2020. 10. 19.

HEAMZ |3



20159 9€ol F& UN A/ 3] 204 UN2Z A&7 T ZH(SDGs)E 54
202 HHYr}. A&7 T HFH(SDGs) T 12HA7F A Y = Bt 4n]
olm, o]E & AP A AAEE0) A %3+ AA(circular economy)=2] A gto
AAE R $-2lyEt= old Hg3ste] 2016\ d0] AL E2 S A5t

—_

2018 1€HE Alggotal Q). g K= o] ol EAE T AU A E
(2018~20279)Z =H It o] Aol =4 A AES e T4V A A
BATA 7 S AU Aber- 8- A H T 2015 = A&7 5 Y - wEo] gt
57157l et @ FH= 7|29 A 54 9 A FX5HA = Ao
(Fo1Y- ol EEE 71919 2019). A IA| FoIA = A&7t 5454 71
HF 2/370] ZtE] o] 9low, 20194 12¢ 5ol - sol&5E U= A A
715E BEE-sd 243 RRMRh= AAIS HF et

BECTEYS T F4E A U= <87 A|(Circular Economy)2] thHE2] Q1
A EA FAs 7oA EAAT 7HEE S EH|Slelo] FE5 7] A= R
O & FFotl, B3 AS 5ol A HAYT Y FANE S AFR SOt S4bs T
7t FROE SEFO RN B AR RES E0HA LR A "o ¥
SUCE A ok AeN BE5eSs A HHE FHY HAH L 7MEE e A

At SHARE S5 7 et =
O ARSI, 7k B H] 9 S ARE AR Y] W2 5, A9 S Al
EA Sy 7= 502 o|2fRt AFdo] AYHA 02 o] Fo{A|A] kAL Utk
DA F PG Aol AetE o] 7he 7heH A&t s d Y rde R
AAEIL e dsesdol 497 AsiA e A5 A8 a9l
=2 Akl o]2et 2719 Ao ® Hgote WtE =2 a0 Atk
T sl dish Y= B84 H A AS7Fsde BRE = e
Ao tiet 2ol A7 =71 = Jtrt. meEkA] o] 7= BEeded 2

2) M2-ML-AH|-H7 |2 0|0iK|= ZHZES LB



A

Bl 2008),

-
2 59t o] A7

2008)

}

)
N

1
|

O =
= T

2012b)

1.2. 93 24

= dHA AR @A oA 7HA|

g o= 4]

olg2

o A

1
T

5

Al

AREESN

e ke

=

R=Sch
=

AR

MEME2 | 5



SEELE

T
o

_XL

|

3L, oF 44

| HA 77178F

ks

5 222 LS 9

7] 21(2006)=

1=
=

o
T

s

T

,._AO
o

7o)

}

Al

o}, olg} & 2o]

3

B7HIAM = A BT He 28

A

A28 7. ©f

oy

HFE 2](2008)=

AR

o
o

557
e TS A2 Al

5

2 =-oju]o] Fo] of

2z

°kgRlo

7121 A

3
oy

o
4

o

3

N

=]
fL

ke =
*4’7

=3 HE AlE vl

825

)

B

=
s

5

dE

9|

7 BRI R AE

4

At

oFd, R R FoR

5l

o1

Al 2](2008)= X

o 7Agel 7]

=
=

At

6 |



7|22 5 B-Av] A=<

=

WS, AU} B

AREE
At

o

‘I_

h8Y

°

_0'4

g0
tgom, dE

A A]

A A .

A5 Rg ol
(o]
=

=

o

=

=

SFIA AR RS

A
=
A

|

1

7R THA]

(@)

T

st

9](2012)

29

_‘|

=1
=

o}

=
1

e

o

n}
AFEFOI(WTP)T} 53] 5 o] 48O Ao (WTA)E &

o, 8uk ol et o]

of st g
A3 9(20120)

el FA9 S
_;:q

[e)

=

AT A%

al

X

™

i =o] |

=0
3

el
xr
i

=

ol

ol

e A2 L Aol

L

=)

7

A AL o

o
84

&

15

o
fS

S|
=

54 AA 2] ol

e
P00, BEA A5}

°

7%=

ol

T

7gto]

=1

5 ©
MMz |7

A SARE S22 AR = A

144

oin

SIAIE o) AL o) &

1.3

H

=

-

-

39 21(2014)
] o] 9]o] 2o o

=]
=]



gES
=gt oz, o)

Sk
=

|

LN

7S

g HEdo]l ]
EY2

=

=

=

[e]

2o A5} AL A
b|7h 27 B A2 etk weta

=

7

Gl

2ol
1otk 4 7te] A

0o

=)o)

o

1

T

5]
AS

(o)

=

=

_‘I

919 34

o

o,

173 2l(2014)01 A= 4

AR =Y, A7t 54, Ed Ut

292 (2016)0 4%
QHETL 21(2019)0]4]

u}

g A A QS E B B 7 =< gl

2 7R54o] 9

o}
o
T
=3

o

A olH &7k ARg "ol o

3 =

APE7gel |

Al

8 |



of o M o oW Ok E S WP T E T of
BRI oA TN ‘§ oF W
— XQ_o_mujl T =
T E e P B LT WX 2 o o
TR RS M o Moy O TR = % o
S S - B (R -
I B I R ol o N
BT EE YOy e T T B kW
T _ZT%LooAuunﬂ_w_..o_em_ﬁ__. E._L_Lmﬂ
ool P 57 = o X go <V Gl
A N R S L s
H%V},.JOHEWJ ~— S T
,moP7uLd|;PﬁLmﬁ._oﬁﬁ7 o T
ﬂo_wobmﬂﬂaa7oqﬂﬁlﬂouﬂ1_._o i:._t
wEE LT LR pHE Mk LT
N ﬂ T TR U LG -
PR TN ad TRk
S Hm A WET Rl 2T B
| — —~ = W = )
S AR T R A
T A2 8B o W B ogr gy T
oy B ® ooy R B TG g E
T oﬂ_.,l_;,m_.ﬂh,ultudumuﬂﬂnwxoaﬂb
R N - o S TR~
o =y i o w N N KX T do w WE
N R T AR )
jo: — ) [—3 —_—
o mmmﬂm_nt m,_ ol Jp .mum.mplﬁlﬁwL ol g
- M8 " Bw o= 9 2 R oo g o
L 2oL r ERE D bg L e
X woL ™ o o = o =
ok R e d g BT R
) o N 15 e
RO B S SR SR S
| W R Ao oop WS o 2 8
éo_ﬂ.9 mﬁm.eﬂoﬂ%zne_
N A M - N - e - B}
W N oo T R W O m oo 8«

=

._?_:1_
o

A]

LSS
R

H 2](2008)
M1 M2 | 9

3 (surplus) 2 AHY &

1 9](2003), &F1t 21(2016),

o] gich.

o

A 714 A
34 93¢ grlo| A A 7 H(life cycle

=

T

84

o

O,
T

e A 2 of]

A AT-4(2018)

1=}
L

]_

A
pul

=
="

=

4

°

St 247k e &

Zrlo] A 715

5

A AshIE ) 44 %
145

A dg £](2017),

R
A7t 24

=4



J

A
ay

LR

ol
=

3A1d

=
-

gl7] £](2006)

o] AHgH Act. &

H
H

Q

i Ag B7H71H
1A ek AR 2](2008)= A

9|

°

%)__]

AAl

assessment: LCA) 1:]01—

[e)

=

ELE T4 BT OW X
< ) T CU. O
ﬂu_éi},%mﬂuﬂw X oo o O ﬁonﬂ_ec
}ﬂLmﬂx&Oﬁog Mo o ® < B
,mlﬁo_z_oﬂﬂme,moq o_ﬂlw_mu__‘_ Mo_me
Ee_ad_ﬂ%@ﬂﬁoml ol g T TN
A N b O og w N O
L — o A T
__%%ﬂe_e%wnwl7mﬂ ﬁﬂxmo. )
) Fo A_ah R o B o% Fkumﬂx_. 9 ) T
B o Ne of mo ™ N o o W AR
R B R 4 = of T m
Wi RE R R roa i o o Ho o T N
\%17041_4@9_0 < oo X oghﬂﬂo_a
o S - o 3 of oy
ELN%IGIAH Eﬁe Wo._,ula _EEH s
e_,_(,%%zﬂuwi o T2 x5 F
MIMMMM% ~ dl._.___;m o| Ho o OTMM Be | A“.,_ T
- — m = S X = J > I =

R X »

Q%W@r@m@mﬂ% %%ﬂ?o E_Em_mqo.mo
SSEREEE ¥ tE5E 1TEa
oy ﬁﬂaaﬂp&% Lo moo o
%ﬂ%%%ﬂ%%w mu;wu,.u% A
G A s T A
CR A o Doy op N
mm PR T 2 o ™ ey Wumam]]_% NF o mm A
%__Lﬂuﬂadmwc%um > o x pE g oa
LEL T g * TLiTsiEeog
= j— o X _ !
E_Emo@wm%%%ﬂrﬂ. oF ﬂ%éﬂ%@mﬂﬁ
H%]MMMS%NE Iy uoé%%%éﬁﬁﬂ
Iy IR R RN
mgwwﬂogﬂmwmom ) :_Equqnamaw
L&mowm;ulm_\ﬂo_ex : %%lﬁo:.mﬂzoé._oh
__Axﬂﬂﬂd}% < w® = m oo oa M
T R G Hod WO N o
I e momomm

o
= A
S A=A, AR A, 7144, 4814

|

22

[s]

o] A

10 |



o

T OV VIR ST
e Heﬂ”@ﬂlﬁo]m 1wm_mmm_m%i B T
o = = —~ N o) ! o
o S Vo M.J o Mﬁ oy % WM m_w B X
Ly ~ v
; SEizra saly %%
T oA E R of ofp T of H I u.ﬂe]f
a ﬁu%m«ﬂ_% . Jow FEE o
B urmﬁpr._m_.im@_ X B I B w_éV
5 B o L T ok %ol B % b
B4 NoOE o xE O wT oy LS N o o
o BEEn sl FE @R D o N
i o N oa of % ¥ X TR
T O oo Kool L oq T = =
e Mo = N9 o 3 N A B
] e Ay o BN =
In %ﬁwi%. E%%mﬂ o T
5E T o w ks % ~ W B o
Mo ,_._n_nmo A x,*, w o BE o <° _m-m o B o) ™y A
ﬁm,t mﬁmm%%w% unni%ﬂwom ,mM_,Twﬁ
M X i i ,1&11_..1 o B
ER cEperE Hpgod > P
S 2 TN owm 5o = ¥ om oy T o
o ) 10 W of T o w o & W o op w0
Y - LR R o N 3 W o o
7o) ol T + B oM . R ¥ o
o == F F T T < PP om T P owm o
xﬂ_.:._ m_m_ e %@%%W@ﬂ%ﬂn%ﬂ? e wwowﬁ
— “@J_- _u._‘ﬂAll_._iO O_. o7 TP %O
X m_.e Jl ° MM _AT o ol o) ME ﬂw R K ow ) 00 f mo
z M- o T I R 5T N
T 8l P < o o ob W ™o = P T F
) IETR. i N N - ) P B R
o CL=ERLEETRT L DB o
O FETESEivrice o vsk
N . 0|0
oo_n o TR

H1E M2 ] 11



A7-E AES}IL 38 F4]7]7(OECD, FAO 5)°]

iy

T
i

O

8l gFA

371 9

=2 4
SERR

__On_

vl & oA

xel3
o}

71| &2] o}

B

4*(Directional Distance Function)&

S}
=

2

2
S

|8 7}'H (Contingent Valuation Method: CVM)<

i 7Hg7HA

9|

%)4

i

£ sty 9

s edol AH

e 5| -] gk G,

=43y
gL

Sk 7

2 2 E

A BAAE Wk ZAYT. LB objet 5oy

bol WAt g

S

=
o

u}-

ok At AAIE

12 |



T HAE

=
e

il
<
K 0
& =
p :
= =)
3l i
o 1of
ol %o
. 3
<[ K b i
TR || =
1 ) i
| |20 || 53 ||z 2
o of T S og
e e A
K _ G 160 O] Bk
S o &l = i 30 = =50
= I e Ho Ko o 2P = o bo =
RS ' = 8 I R &1 O o %
iop) 8 &0 0 i< ol or HO o 40 a uo
b I 5 = T | B ¢
i RS> A 00 30 Gam| 1 &
ﬁ 2 g8 | 22| |gx| |5 2
: k| B &
: PR g #
T T P ow
q aK B &
e : : @
= T o 0 o 3 .
a1 1 o R 0 1H "
K|o ol i 23 5 7
ik <0 <K ol < M._ S
5 LA e g n Z
S RO X1 o o} 5
o o IH w0 IH 0 0 o
5 = = <H %0 iz ol i 100 °
K 0 K = a7 il
) =< 70 =y = i
. N ol RO ﬁ_._. g
o N K
| |

3.3. A4 AA

Qg 1-1) g+

M1 ME | 13

Az A A,






H2E







1.1. <387 A19] 9y

2784 (Circular Economy: CE)9] 57 ¥i732 HA| FE(extract)- 4t
(produce)-A+-&(use)-H| 7| (dump) = ©] 0} A|= &4 (material) Tt o1 2] (energy)°l
A A QA 7} A&7 5514 L= H oA 1 ch(Frosch and Gallopoulos
1989). Korhonen et al.(2018: 39)2 <=3t HA|(CE)E “AA-At]-AHH O & o]of ]
28 9 o9 M2l 55 (throughput flow)ol H AT Al 28 et
5fo AFE]7} Qo1 L&) A AT a1 AA] AA R Belgct o
AA AAE B4 $3 52 (cyclical material flows), A Aol U 2], o A AARE
2 B3 o]0l % 9l

A3 BA = ol oA FiHE< o83kl H|7I5HA H ARt =A< 9
W AEEL oA ka1 21>, thebd AR FAE A LHE o] S7s
A] %
ol

O
N

-

7,7 71500 B R 37k AN, AL £ BT EAAE
of ehgt 57t

3175



(Ben Allen 2015). 4521 <24 Al= A&7t T2 Al 7HA] SH (A

3], @)l 7841 710 & Tt &2 B A = A A2 B8 A AA L =
A Bl oy x] 9] A 7] SF0] Aol AT = ¢l T2 2 YA A Attt

(I8 2-1) SYULE0M &N JHEE

A2

HZ(N, P K C),
AR
o mo 2+ %
ﬁgxl'ﬂ %ﬁ-r-.-: IH§|,Q_
o= A s
Ol E
Ofl LA |

A& Ben Allen(2015).

LA Qury AL w7 v,

718 A S-S EFF AP Aok 2 FeP 5 Ak ol UL B

Qo] FEHAEL YA Au| 7} HE & :
% Itk 22> 53] 13 Pkl EYE|E FEAUS thA3to] AU3HE

W71 E0] £ 4 9 ot AARY BEL Fvhs Fol B4R} 7

A ofu)7} Ar, 5] AAtol A A PO ATET £2HS T AL A

B EA] et ROz At A FEHE WE 5 vt Aol A

Y m-][]
k]
oX
ot
15
oy

e

18 |



A AR A,

Ao AF A= =]
o] AIA= At 2B|aL o]

=
=)

iy

= A
L

(2014)9] <l

%

O
T

o
Rl

ke £1(2008)<t

o)

o 7=

tol 12

S

SRR EE

O <«
=

A9 7id

=0
o

7154k 771

S
T

T AT AH 21(2008)

=3 171

Z}-
4

+71 k=

158
R

sfo] 7]

)y ARE ZE

=
e}

A7), 178, 814
Aol 44y

7tel &

2w A desd 7

==
O O

T oA 7

]

ou]sh)
WAL= (2014)0]] wf

#7148 v =ZoKF

SERE

s

g

O,
T

9]
=
ar

=
o

I
T

=9y
gL

AT

3

=
H

A}
A

H O
RLI

A2

™

]

o

=
=

of Eopue;

3}



oF

R8s

FolA &7k

=

al

AN

ARG oz A4

Moo A Ho = o
7o B ﬁ.ﬁ (o
GO T I A
I L
N G %
T 5% m__m o} m__oﬂ e
B < wo 9 =
FrTAgE
T X O B/
ko TR i
‘_lr.ul o} Gl
4 w_r,_ ) oo i~
of T X A g N
.WH o ~X 1_7A| — _XL
Ho mm Ol W o_w
SRR S =)
To 2 M ojo e =
_z_.e <A _L.*._w o =0 <
'R “o o oy 3
i w_w ol L_rll_ Ho _,ﬂ_
i P om A
o O_E 1_._0 O"_O _._._._ ‘_ﬂoﬂ_
T E..e feis ﬂum of W
@ X T ow g
oy O g E T b
o LSO S
SEEE
A TR
o SR T
w % & ® o

AN

3

Q

2

o

)

AR

=
U e g 49

=

=
[e]

Fd=tl,

1)

=

=]
=

7k
e

=

o

R

be] o
U ez ot

Al
- ]_—

°

=13
=
v

|

5

°

oz Helth

stua

5

StH

o] FAECIS Rk, YA, A B

J

[e 2R BY

= g9]9] st olo] Adow

A A
2ol W

o

R

-

54

of

=
jL

5

7
o

2o of

(0]

=

o

A]

At RS 9(2012b)= “7HE AR T Ol A
1}

PLe

H =

oz 7R
9
20 |



22 ol
STEM | - NOWEO] YAT0l SHAS 7| B8
M | X2 HE0| 2200 K2 &,
(2006) | * SEMESO| QNI BXS =0 1K} .
- FESIE QSN QINBHBS MM
xet | Zesiel | - 2asole grnAen 1 7] SYTUES ARZ Bo(0] RIISHES Hit
28| (2008) |+ R7IBMOIN LMK TR RS Q71K B2 EKE AHISI0] CHA| 25710 2
Zot= 2
oy | * ABMS0 HO R7|0MS KET o ISR 50| 4202 BF5IT, X% £7H
Dot | 2SR SRS sRist EoHiZEE 22
« ZZ0| MALTL OPAS 201 2S00 OHINO| =2 AlRE KISXo2 B33
syl g | T SIS SAIBOIN BSHe SNS(EE HYIZ)S H{0hst HESHD BYS
o0y | B ABE 4 U= B9 HIISS ey AR2 S
+ SRMENZO1A] S| MAE0| O|R0IX= SEAIBO| YMES
(SFN =) L o= _
M| Top | - SY BN BUSS S MO HESHORM 59 B3 HEIE B
B8 | o) | KIS USME T 0 S REs 5
soim o | *7EAS IO 25l TS 20E EblLE |2 Risislol £ BivEoR
Qo1ap) | MEEHIE ASS T
« EQI2 ZiXoPH| Q|- BHIGIBIA SAMMES SHESIIR} S S
LEHA.
pim ‘;%*11 + SRMAC| HAS( ISR, B, BIAT HIX| S)S SRMAT LISOIN CHA| 28
S | eoeos |+ 5% B Y MEIS BXGD X% L SEAR] 7t OIS 501 K| 8RS Sy
a3 | seRsl | T SETC O]
SHIA Ghs 52
(2019)

Az A A,

& sAdFAET %%7}01]*1 ZHHHf’;} 2ARE At SAtE7l 55
o

o2 §7 REHE Fol1 35718t B AR 0
=)
“

e
mlo
ne
rir
off
ED



B!

R ENEY
- gemA
- = o

EINT=S

HEBAS A2 3]
« Y Atgst
. S7hAl=2s}

At

* ZEXhel
- B, A&, xS

« ZALZXHHH

(a3 2-3) 2 AF0M ZMot= BFesY HEx

g
= g
A= F
2~ 0]O

T LE'

zo] 24
ol
151,
2

a5
s or

L dd
=

5t

=
RS

Q.
[e]

H g2 g
el =

=i
o
A=

REE
7ollA] S4Bs7}29] 2 o]] of
5 o

k3

et el
P 2L A

2) BFFARE Aol 7SR B 8|3t & 5 SRt A

A AR A

= FANE
2 A%s
orett

3h

1\(1)4 5
Ak

o ==
< B9l &
1;% /%M
oL

o AL A

2 3%
BB A}oloh 1S AA

S57HolA 12 Ak

)
Lo

=4
EYN
|

o

KR

A%
o1
ol

F1)

J))

ol

3} 24 5 Aol

5
No

ojm

el

<

o

5l

_]

A
o

2acy
=
5

At

J

3

A

BI7EX

15

84

AARYALA H ool

Sy

84

= E
= O
2 714 g e

1
8o} 44 of
A

i]—
=

=

-
R

5]

|

A A g, wSA A A

o A3

o

25 A
=

].

SN

o

LT

=
=

o

= 0] FOAAM & A FARES] g8 T o
<

SAAAE 2u

22 |

215



TR AT At &, &84 A= G W= -GN A= E

o] ofUje} A9 0] 9] T4 Frhaksts Zwol A o] ok stei, o] 2L

T SA57E) AR P AHEH, 20159 71O 4571
’I [e)

o =
°F 20%7F AAIE 7HAIA] BaL SAt ol SASE AL RAME QUH<T1H 2-4>.

R
. o p .
2S5 TP 4% L FHPL FRE TE 28

WA 278kal FAE 2] AlE-8-2 Bdsshe A(s7

DN =)

201 735 GRS
Hp.1hal| Tk
2010 01702
H0.2-03
2005 B03-05
mo5~07

mo7~10

2000 /Ilrll
@i0-15
o gis~2z0
1995 é"j;'///‘j m20°25
550 ) 02573.0
B O3.0na01%

U U T 1
0% 20% 40% 60% 80% 100%

A AR sEolERAL Y AR ARE AR} AT,



SEARAZY ST A A Hhay

At

AT AL YRR AR

s

[¢)

== 28

=
_z_._.
ol
w
J|J

o
o

o

oA @A= =3 A9

3

%A

ohe

]

0%
<=

N

WE

3

o]

7Hof A = o]

Tk Aol

1
|

A
LIS

H=o] A8

=]
T

At

AHYE7HAYG S 27h U =

o
L

183 AR AjH) 23

St

(0]
o3
1

o] Al=

=
=

U, AR A=

1o

obA] 357} QJAFa% Bl w1 X ol

o] &

o
=

HollA 57k A Tge

the

Fod

RARES

o
=

A

=
T

357k9)

-

AL

ol BE 57kt

O] A]

1= =]
T

&

T H7E Aot T2

ot =4

(%57} A3t

Ak

AE7eIA =

=
=

Ree] Aokt A% (

< Al

3t

3

LA 0l Sat

HoA &

289 4 ke

Eul=

T=

~
i

AA, 4]

I}t 18

S

AA 1t 7| A 7HA] T

=1
= O

2ot 59 R 7R 7}

eJuret

Aol st o7k AL, T Apdsh Aldof| 2]

0]
<)

o
e

YR SHOZE 2HE

SHO2 Hsts %S FE

ojez

=

¥E

=I17} RAFRE AS

=
S

=
[

Lt, = S0

24 |



=
=

/\]-i
A

1
=]

k)

ki

Zofet. Al &9 A1 Wil

)

e} gteA)7]

= O
o=

A

f7

LH

u]e}

5}

5

A5}

o
=

EEERLEEEERD

0

sd2 sUFA=

A 45}
] £ A]0] o] oj¥]

o

1. Oy .o = 3i
ER3SEF X

=
=

S8 g

, 123 919

3fjoF

[¢)

oA A&7k

24 2] 2015). 7] A

&

oH4
A2 2 Td A&7 4=

15

R84

o

o
I

T
op

g&ste 5o

F VB, 5 ER 58 AAstetel 4

A REZ o2 7}A] A]

1
R

575t

|

(@)

=2

2.1. 599 A&7



+
M
o
)
in
N
rlr
e
e
O
jille
|o
i
e
rlo
+
M
o
v

(B 2-2) QLI 28 YR4X| 24 220144 71F)

YEZ M2 (kg/ha) UYEZIHZ(%)

= a Qi A e QUL A
A= 242.1 173.0 415.0 233.5 314.4 274.1
ats 150.1 80.2 230.4 125.8 142.5 134.2
FYRE 164.9 925 257.4 167.1 175.3 171.2
SEHE 155.1 80.7 235.8 147.9 142.9 145.4
o 169.9 78.1 248.0 154.6 120.3 137.5
Heg= 107.3 33.9 141.2 87.4 50.0 68.7
ZUsE 144.9 91.0 235.9 142.6 172.1 157.4
BdEE 83.8 486 132.3 68.6 78.3 73.4
A 77.4 42.5 119.9 51.8 45.9 48.9
=1 143.9 80.0 224.0 131.0 138.0 134.5

A= 7174 9(2015: 91).

FREAL SR A8, 1SR WA, BAEH (4071 4H R,

#7180 R 5) FAF 52 FESFFI F=0l 8 = H = Atole] A

‘ﬂ

2 AFBTFL 20114 o F AT 1.8% S/ G0, 7R MAIEE 2L
2k AWF 1% ST Gtk EW HAE HlE WA 5P Bu
2014-2018¥ Aolo] AW 10.1%2 F7HS1I Urk<E 23>, o9 FEIF
o] A4 H 02 Holut 97 o] 919 <E 225014 AN FEEAE
20159 o] 5 AAHE Tk 2T % Qe

b) YEEIE2 SZX| Y27 U] ZIFE| HIgS UEHHCHAEEZ 2/ 2015).
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(38 2-5) alsHH|z AL} B2l 0|

HE ke
55,000 - e - 280
—Ivzl—_l'lltél-'kgH% ha'?:l E}g!‘l:llﬂ}d-g-%f
270
50,000 -
260
45,000 - 250
40,000 240
230
35,000 -
220
30,000 - 210
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
F B RRARL (B 1-2)9] 7Rk WA Ax 7k 0] A=,
AR sUEAER(Z An). TeEAE F 85,
(B 2-3) BASH|R MM 58
=9 E %
= 2014 2015 2016 2017 2018
o712 960,266 730,235 722,074 644,535 806,240
o= (14.2) (10.0) 9.3) (7.0) 8.2
B407|XH|2 5,783,286 6,538,550 7,036,280 8,632,341 9,081,129
TaTE (85.8) (90.0 (90.7) (93.0) 91.8)
A 6,743,552 7,268,785 7,758,354 9,176,876 9,887,369

F T A= A FA div] Bl2(%)S WEH.
A& sRAAAF AAF(2019). AA-E. FAE (20200014 A 18-

FE T 07 HHZo] FHA 2 o] I
A7 5 BAol S B Al QJare w XA ek, i}zm]

&2 EFS HS0A171A H AL ibdehE EFelA 2] Aol Xi oF

e
ol

6) HIZ0ll= giRE- Mot 2| gty S0l S0 UM, AS0| Xi2k= Ol 2L Ha, QM
LES 018511 &tt0] 7| W20 F0| g2 = Bop| Eit. EY0| Adett|H AZ0| Mti=
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54 A BES sk Hl Slol 2 FAAle Sl st =l 1L, S4l

A= HigAtR oIt o] 2fjt FAA O] YE e HiFE F o2 R E U=}

AEtK| oA =, 0L &= AXIS| o7t M2 =X 20t EY =2 YS=0(LE HO|
HBol| MEXMC2 FES A ECt MatM 401 U= T2 E/AL Ml HaiM SoA717| = 6t
CHhttps://terms.naver.com, ZA4: 2020. 10. 23

7) 2015 12€ TFA T2|oflA HE X214 RA7|SH
(=4

=

=)

).

3}SQHUNFCCC) BAFEZE3|(COP21)0
M XEE A E, 20204 0|22 M 7|&H3 MK ~EE ot 21E &elF0(Ct £ 2020 2t
o™l WESIHME CHA[sH 2020\ 0% 9| 7|&H 3t IS S HR S MHUO|CHhttps://terms.
naver.com, ZM: 2020. 10. 23.).
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o}. 20164 71% G Lol 1,1638 £, 8.4 5004 £, A4 5084 £, AslLE
5433 £ 5 opshul R du 9 F0R) o] Selolq S H Tt Akw 4
FAAE B, 2018 71% £ WAL 14,0697 B, FUAS 58167 £

0.8 91 HFo] 71%E AR HTH<I 2-4>.

(E2-4) H|z Bz % S =2 &4X(2016E 7|F)

Sl E
ofLjof 24 o1y usreE
1,163 500 598 543

2= 3| R E3)(2017).

(H 2-5) Az 344

s3M2

sl 2] A= st | BE
2w | 2 | xZE | MEME

2005 | 20,283 | 16,152 | 15278 | 3,730 | 11,403 | 25 874 4,131

2010 25,157 20,124 | 17,710 | 4,338 | 13,246 25 2,414 5,033
2015 27,426 21,900 | 19,295 | 4,510 | 14,628 23 2,608 5,626
2017 27,752 21,987 | 19,204 | 5,403 | 13,546 29 2,783 5,765
2018 28,687 22,791 | 20,139 | 5,816 | 14,069 29 2,652 5,896

AR USSR Ao). sUSAE 225,

o g7 Sfsh| 2o} gkt AR tRES s2jo] ofEslL 9] ue] 3

971, AL AA BRI 4 2L 22 9L AR 1] £ 55

FHRA, B S 5O Seo] BT Aol TS 7
£ 5 ATt A2 2008 Sebu] 29 HfRAR Zh o] A At A
Sep| 2 712 ol 8 Aw i, 20089 F91719) ofnkz P2 vz AL

2006'3 8,9009(20kg)oll A 2008 20,700¥ 2% 53Ut HAt st
2019\0]= 8,600 +FZ Ho| AL Q<11 2-6>. A= BiTALR 714 F0l&
AT E, 20083 0] ofl L& o] A8)0] TAYTI] FASHA| 4SS ATH<1E 2-7>.



(33 2-6) A2 sfeit|= 714

2 /20kg

25,000

20,000

15,000

10,000

o T T T T T
2013 2014 2015 2016 2017 2018

2006 2007 2008 2008 2010 2011 2012

——EATEHE - UMEEHE -B-UITHE

A5 BAFLAENG A). FEHALE FAEA,.

(T 2-7) HZH HIBIAIR 712 50|

T T T
2014 2015 2016 2017 2018

5000 T T T T T T
2006 2007 2008 2009 2010 2011 2012 2013

8) “MAEC 2 SME 71AL 2007~2008LE0 25517| AIZIICE SAS(agricultural products)2l
K[&H01 71 M-S SALS Ol 1220 M(agflation)0]2t T SHCH OH 12801442 s R(agriculture)

29| Q1220]M(inflation)S 2/0IGH= EHJO{01CH (L0fHf XA, ZHA: 2020. 10. 3.).
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H| 2 H| o} AL= H| 7} Ao A PR Sh= B S =M 2} S5 HIS S E 7|2
2 ATE A7}, 2006~2019W7F ZH2 A 0.7%, 2.5% S =3 glow, H| &
H| &} Ak H] 7HA of| whe} S H ALY SA4E = S Hol Al It<T1H 2-8>. &
S H] = H| 9] 392019 7]<& AAHH] B]50] 9.9%9(6.4%) 5 A5t 1L, A

T H| 9] - 35.8%F AHAISHIL Qlo] A A] b2 AJ4tH] ks 7HA| AL QTR E
3-2>, <F-3 3-3>.

o] 3t B} AR O] A A g2 A4t H]F, Y59 =2 9] oE L 9t
714 A5 S A&7 U Adlste 8002 2851l Qv whehA
slohu| g ot v Rt AtR 0]-8& R elo] HQ sty BB ot AR AFE2 Al
A7l o] 3t 9 FEIT

(72! 2-8) HIZ} ALZ7} MAIOIA] XEXISHS HIZ $15H2006~2019)

g, %
50.0 - r 16.0
45.0 -

- 14.0
40.0

- 120
35.0
30.0 ~ 10.0
25.0

- 8.0
20,0
15.0 - oo
10.0 T T T T T T T T T T T T T 4.0

2006 2007 2008 20092010 2011 2012 2013 2014 2015 20162017 2018 2019

-l AFRH| H|E  —a—H = MMHEHS

i FARE@ 5. FsFAEAAAE RN,

2.2. AE5eeA 33 - AAA A&57H54
obA eupete] TEQATAE S, vlRot AR £L 39 gL B

9) 9.9%= EHYME| HISO|H, ZFSMMBITIK| Leoh= A 44| BIE2 6.2%%Y.



2, ZA A S A 212 1ol o ol A&7ks oA fhtte e B o
719 M e BseBsdol @44, FAIA SHoA o g A A& kst 5ol &
A E AH A ot ASe8hs A o) AE7Hs S =57 Aol A A5
Ao LHo| He BAE MECs A, 7HAE FARE) T TSR

H
40] 94} 9 A2 @RS Al 2 W ast ol

201991 715 35 A RARZ O] 24 WA 0 A ¥l o] 58.1% 4 B4, G
(10.1%), ek 2] Hu121(6.5%), T17(4.6%) 52 4202 LYEbg k<3 | -1>, <1
Y 29>k HARABY] ERFY SALYR] AL 1+ F0|S trehyx ick.
AAH 0.2 20114 0|5 AW 1.0% AAsHe F41Z 5ol 1 ek o] by 2
052 A|SH 11 BAFR 0] AT 1.6% AASL 7] tHEo| TR 12

(I8 2-9) SYULLZ 9| ETHLYZ A 2+ £0](2010~20195)

r
=)
(it

12,000,000

10,000,000

8,000,000 -

6,000,000 -

4,000,000 -

2,000,000 -

2010 2011 2013 2013 2014 2015 2016 2017 2018 2019

N ——O3 ——UR BT —aTlE

EETRRE
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L717} o - ook, SAR Ol =

T B ARE 2

H =7}

A7} =0] H| R 2 E-80] 50.7%, 95 Wl 7} 26.2% 502 ek

& BT %
oy HEZ 88 | AM=2 &8 222 7|t A
203,602 394,376 133,450 10,437 35,602 777,467
26.2 50.7 17.2 1.3 4.6 100.0

AE: AH. =] $2Rs7ke] WA HelEE Sk 20108 A2,

1} 71EEk

<H 2-7>2 20199 V)% 38 E5E 15w BATL el 9tk A5
Bip MRS A8 THEIZo] 71 Rl S AT S Boto] A ETh HA) B
7} 211799 EOR FHA 2 HIF(41.8%) AASL L, theo.

16,0114 E(31.6%), & 7,924 E(15.6%), 45,5734 E(11.0%) 59| <=o|t}.

=

ot
o
o

(H2-7) 79 2T /1520 YHZ(2019 7IF)

99k TG, W E %

T 882 34 BH| Gl g
AgE 3,202 405 11,377 180,907 195,891
EER 16,011 5,673 21,179 7,924 50,686

(HIB) (31.6) (11.0) 41.8) (15.6) (100.0)

F 1) AN Fe BAARY IS FRAY BT AR E BE .
2) 7R AL ARG 7SR S 9SS 13.7kg/19/19He], 24 37.7kg, HA
5.1kg, A4 0.12kg) S &3 2.
A= SR (http://www.me.go.kr/, HAL: 2020. 8. 2.). VEER siEYUHY,.

<29 210> 715 R HAF] AR 7F o] 2 Uehy gl AR Hos
AW F 14% F7H0HE 2A1S Hol 3 ek o] FA S A5 AHLES Z7}
of whe} =4, T-8-9 BO] B Aol 217} 2.4%, 1.3%, 2.1% S7F5HL Q7]

oot

9]
T



(A8 2-10) 7152 Lz A 7t £0((2010~2019H)

2010 2011 2012 2013 014 2015 2016 2017 2018 2019

A A A,

THSAE RO A o HESH= 7SR TR 9 A 2 d %o oot =
U5} 9 Eju]s} 1|5 2R} HSPE Aol SAEE A0E ehrhen
2-1>. %0 715 Rk 2148} A2 of] et 2HAs} H]F2 20061 86.6%014]
20199 914% T3] e =3 QIek. HHI5H ¥ 5L 20109 80.0%]4 2019
9 79.9%8 A% 2248 ) uhs) )3} v 6.6%O7 A 11.5%2 = ik
o]t o4 u|S o] §ok 717k oLk Gl Aok QX5 et
3R AEe 1E5e AEY A HE Fsted 20104 9.0%0]1A
20194 7.4%2 ZAE|Qch

2.2.2. BF=s &E-BHA XH/tsd

—

7t 834 A&7Fs70l 719

A A EER O] SFsHH| R0 ARG (had)2 #1087 254 S7Fstal
At st 25 A of] 2144 02 ARG 49 EF| A SHE 25
53, 22 B | FAS A = vk 7SE H AR E 0l 8T FF
T H71de ST He R EFE 7IEAA okl ArEo] & A = Qe AA



Zpststo] spshu|RE tiAst]
o]l gt FE FIAEHE AT 5= 9lo] T4 F
Ao 4 ¥ 100ha} TH$- 1,000

=)
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M
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T\L =2
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i)
)
09

2

whel g AL AkT G, Wi Sleh R, T AR S SRR ol g3k
Qlow, EYRAER WAT 9 Bk RAGSA A= s 4L 7}
4 4 ek, AR HE sfehu R} AEARE A A90R BUH T 9 W
A3 3H9 Binle A A 9o] A ob GFE 7 A o] 231 Ik o)) WAL
0] ZALEE Ho] 3 9] S #o] B 22 0] 30,54 3Fohu| ot uy
Absg hASICR A 2)90) O S FaAD 4 Yt
A58 Y-S The) 7| FUSHIOR 2re A F okt B ofus) /)& 4
o FHAIo] ThS e 4= Qi ShLES] Swto] B 4 Sk 715k A5} A o]

>
2
i)
n:)

A5 AR AEBsde BAH RELRERELELE
|

S8 Frhis LA7kA FEolee B4 91%'—% ol g5t Al %0l

i& e oy

(O3 2-11) SEH X|£7ks40i 7|0

Az A A,

. AAE A&7l 7]l
] 52| 9 AL ] 7} A AR A AR SHs Bl B2 4% e wis 78] 2% ok



° A REHE TP T It AEEBEAL BYRAET HE RS 4%
sfo] shspu| 2ok iR S AASHA Hol whet AT REhe Y 4 9k A
PATE B AT 7HE R 0] 5] IS AA H 2 B
g 20179d 7|5 3,8419] YO 2 FHEJATHA TS 2] 2018)<3 2-8>.

(Z 2-8) Aete 7IEER HIZ g=22 ZHA 71X

o) ol g
i = 2 2] B2
2006 914 682 606 2,202
2007 1,034 742 831 2,607
2008 2,208 1,216 1,722 5,146
2009 1,559 1,318 2,167 5,043
2010 1,342 1,354 2,122 4,818
2011 1,345 1,014 1,726 4,084
2012 1,662 1,171 1,672 4,505
2013 1,702 1,230 1,545 4,476
2014 1,569 1,217 1,299 4,085
2015 1,550 1,288 1,270 4,109
2016 1,259 1,311 1,180 3,750
2017 1,269 1,390 1,183 3,841
(A2 5) 1,470 1,287 1,295 4,052

1 A 7= ek TSR Bl AR EF xR SRR 71
A& 4dF 2(2018: 78).

A A2t 2 v 28| A= 8] 7F A Ae] o A &} BP% HFZo HEZ SR
q

Y A3E Jd 2 Hhgsia o A e de A 2 F7HHolA T
ke 2 AE-E35H7] fiEd 229 235 EY 5 ). o] &t ofyet
2o AAAE Aol whet st &4 2 5H Hed AEEgsdS

A Ao WE sdT AaR Qo A4S Y = A "

(I3 2-12) ZHH X|E7t5-80ll 7104

- H| - Ar= ci#|
%é_t_il_l- - 2|A3 3}

ST ESE PN

A MR 2,
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MI3%
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(SDGs)E &
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=

20151 9 Qo &2 UN 44} 5]2]o] 4 UNL A&7}

S} 73 A (circular economy)Z 2] Zgto]

Tod 20161 o A}

5

P
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Z3A EE10)0]| A

A A= 9. 92l ehs ofof of
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TA 7 EA A
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3] 2019). 1231 20043
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FAARR] S AISET Uk 20009 AAETEY 21 DS BE AL
o gohe AR, AeEY FAAAZ ANk st o o)4
B3 BT, AL ARSI EAL 2GR FEAUSHE A 7
AeBEAS ol 49 A7 2L 52 ot

_—

1. 3§ 2ig

1.1. 718 n Y

72k e, o]8, A7 53 HE My eRE VisEk] ¥ ¥l o]
Sl &t HE (oI5 THE= PO A Y, TRl =, Al A] 5
Aol A 7 -ol8- Ha é—’ﬂ‘ﬂ o A=Hl, 7FEEk ot T H 22 A
T2 S oM TR (A EE 9] 2018). old, TS & 2
A2 sHFER, SF, sE2LF 091 AAET ARAE 2 S0] AA
AR E AL . r‘ﬂh?n*'ﬂ%% 7188 7ol s Foh= 72 E Y], 7=
T aH(du])9 71%3 A ABHAL %1‘:}% S|4 dgdo] At

VSRR 2 VSRR E ARSIt Y A5 AElete] e dE 1
Ao 2 i g3} 2otE = A&7 sS4tk o A B =1l 3] ol
BEA S FA 02 51l Q1o Vi o] HE, i EAId - A E A E ] el
-] 42 71520 o] 54, A H v dAH wdE e o

AL AT 7HE 2= 20061 H A o] doflE Aol obd H7lEE A4 EH A
O MR T B SAkEa o] Ao Bl HE, =2 Y sl it 1
200610 752 O] AHeet 31 " A A A ] wEE S5l
&7 A AP S A8l 7SR S AT ol 9 +E A

o

=
_

lﬂ-lﬂlﬂ
%

i)

dp

11) 201298 7|1& 58 73714, &8 31871471 {US HMZASH(FRI= 2| 2012a).
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Al 7HEERE AFYORE Q145 o]F E-85t] 93t HMEe] nHAE T
200649 ¥ A Al FAEE, PR 5o R SAHE O gt SEA A HE
&S vpgdsto] 2 #4 7 7Rk A-hsk- A 2] 3 o] -&of Hieh FA AAGS
Zslel A} stATHA 71 A 9] 2018). TFEE LW 02 Ho] HAEHA 7tEE
kg E Y] So® Z-E5h] T AHdst o] YA, TSk o] A

A A E AT 7HE Rk AHASH A o] it 2 ho

VSRR 2 A o1 % AEHH 22 A s of e Ak 5 A 7E st of
AL A FE2 B8 7SR AeeE SASIATHEE 2 2018). 20069
THEER A ol % w7z vl ofet sjF e Ao Aot =AE (A
Ao A)” o] T 2012 7SRk SR AuaA] o diEjsh] A
20074 78= 7HEEk s FEE AETE o] I 201300 = 517}
A S AL, 7SR B HHlsh 7| E2 Aldstglon, e A
AAAES =AU 2015 0= F317F A Aok A8l 3%t PHA=
o713k L, Aeek S 9] S5 A

g
ZASAGTS A S, S AT A

2
HT
o
I
¥
&

&2yo] AT, 2016901 2419 YA WA, 7Rk 40} %
AL AT AAET 5 BT 5 U ARG 345G 24 g vhas
3. 2018 A4 AE, ALS B 71 E 35k SRkl 3t el
9 A9 3}, FETA B £ AE @ G0 A% 59 gl e



29| 49|, gATA A4, WlRAAY 52, 03 BA 9 3] P, Au
B %, 52 9 A0 A7 S} PAE 4L e ot
o) gk, 100] Olst 7SR oh 1B a o) (ofH) e KAk
% g7l auEe] sfgsty. TR o) o) Bt Hee BTAS
jini

Fu

E 3-1) B[t 7|=

E[H|3} 7|= AH|3 7=
£3 = IIE =3 = IIE
SERAH0| STSLUAESR SARNHO| SEFLAE
Hak | KR HOI50] A0 1A Fak | S @Oloto Folo
= St 71201 &piE A TAlstk= 71E0l MEtE A
= siag ZHX|: 95% 0|4
g 70% O[3t R EA | B4 93% Ok
= 2.0% Olat
T2 500mg/kg OISt .
4] 970 72| 70mg/kg Ol5t
ofA 1,200mg/kg O35t
AEA | @B 2.5% Olat orA 170mg/kg Ol5t
ZHeT T Buo e 7t 5o | e Ui 283
1. EM3} 71& & B4 713 2020 39 259
2. 9ugt V| F Rk Ve
7}, 317beA WiEAI AR 2E, AEEAI TR D TSR A B A7t AR e AeskA e B9 2017

i Qb
w
e
S}
n
e

U 71 9]o] ARlshA ] 49 20194 38 259
Asz: @, 75 R0] el W o) 8] B W E AW, Bk 301 2019. 7. 2.,

12) THIRE2IE 0f OJ3H HIZE 7251 TH HEH|2, BAS HR2 LIL0jR, HEH|RE BAS
0l9lo] BIZZA 2RI HAX0 M2t BH720| AHE 2ig 2J05
QIQ)-ZAQ - aAlR] HIZ Q] L TfRlS AYISHS UMM L2 B2
GER), SA22 7|2, EY0MES MH(ELEA HAIE L5), EUEH
BHH|22A HI2R2]Y MAZ| 2t BH7Z0| SME 7S ojnjg,
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x). EH|e] F<
W R A=A 7E, DS et o

27], #5371, F557], F58=)E 2519 é%’??l‘:‘r. Au] o] Fale S5
HJ%IS)%-‘%‘—‘T o] wpet v Rs, H&57], REgs OA R LR e E A

82 EHSh Y AR AR o} <X 329 A 71E W A G A7|E B

3 4
)
=
4z
A
K1
el
ox,
N,
Py
o
e
2
)
4z
A
1z

(E 3-2) ElH| & AH|9| B5L BY 7|1E

EH| B 7|E AH| Bk J|IE
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HR1e] £5(y,) R 7H(P)°] F+°1 WA 7152 BAEE (2)=
S4GHo| ofFA Hpol we} Aoz AHE Folnt. IE]al P4 E
(2% 2 )9 o] HFAEIFA VTt HHAGHER] X, (Py, 25

Ao =4 YepA ot

VilX; (Poy, 2), Z) = Vi(P,y,, Z) (4 2)

28) 2| of

&l

HE2 GRIS(2009)0f Z HAI=|0f QAT

R4 HEastslo] A SAK mol 24 | 73



- V'=Vv(Py, Z2") — VAP ), 2 (4] 3)

K3

9 (Ao 2RE FAEYo] 2 FH0] WS 8]20) BAASHHC)S o
B3] ofef 41(4)9} o] B& AukshAZ 4 9lrt.

—

VAP yi —HC, Z") = VAP’ y), Z°) (4] 4)

vAh0) 341 STIA 71 BoF 2O 2612H0) AR ORI TP)E Urehi
A et A9le] B oAl 2 anzRE ofele] 4 (5)0) Hgto]

WTP, 0 = (4] 5)

A BOIAE 2457 e B40] RS The Tt Lol HAY S e

dv= f(BID, SEX, AGE, PBFUN, BSMELL, APRECOG,
RLIFE, EDU, INC)

o17]0)| A BID= Al E A=A 595, SEXE SHA] 4285, AGEE &
= O

SAH9] 1ol 2, INCE 9% #4592, EDUE L8522, PBFUNS 59| 3]
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O|SURAE G M7 B 7oA 2+ =2 Tetu| B & 271 23 HH(Log
A7 8l A F=ote]
%I (Log-likelihood Function)
ok ol < 4-18>2 FHZAAE e Utk
Mcfadden's R2= 0.1112 UJEPGEOH, LR SAZRS 80.929= =74] Urelyith
AA FHLBD) Hiet o= 7Idd 2 59 oo, 1% sEA &
Aoz Folgt Ao ® UEhH 510l 324 75 A5 I E sfiof eth=
RIA|(PBFUN)9| 739 2] 27} 7o 5HA Uet 3784 Ql4lo]l w25
|70l 2 Ao =® YEHT 7I5Ek o5 BA(BSMELL)C] 245,
7Rk §- A8 F o] &3 s4hEol gk QI4/(APRECOG)O| 34 A LG5 A
=740l =A YErHth

1o
b
o
%
jans)
oX,
i

o
>,
>,
ol

2
e

(H4-18) &8 2

HaH Coeff. Std.Err. t-ratio

ONE 4.878*** 0.931 5.241
SEX -0.217 0.173 -1.254
LINC 0.374 0.232 1.613
AGE -0.129 0.080 -1.618
PBFUN 0.566*** 0.153 3.704
BSMELL 0.919*** 0.294 3.131
APRECOG 0.169* 0.100 1.697
EDU -0.082 0.148 -0.555
RLIFE 0.203 0.179 1.138
LBD —0.944%** 0.060 -15.836
Mcfadden's R2 :0.111, LR Stastic(p-value): 80.929(0.000), H&2:

S w2 ZF 1%, 5%, 10% =04 foleES e,

A AL 2.

HA% AESHs0| MM - SAX Mol 24 | 75
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A

- SR
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20,719

Haoz A7
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°

AA 7t
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oAt W#gtol 20,719

2

_mﬁ

i}
a7}

29) HIZTHAE I 2H2 MSTHEL SERMARISE HRY w0f7

4. HISOHRE T} 24429

4.1. EA718

[H]

U
110
Th

ol
ol
i)
KO

o

76 |



S THeE, f71Av Rt S| RS dAIsh: A= AR IS o1&
Z2A5Ich EES ARSI Qe Bt ARl QA B2 B7HE FES)

AL, 78 B4 o] 771 AR =2 sfetu] g A avE 245kaL, 1 2u] B

ﬂJ

4.2.1. Xz

%710l 27} St 25 GAISHE AEE 5 390 o] SheE 4o 5
o JRFL 2510l WA SE ek Teict 7] A RelE B FF 9
3L, s7holA BaH 0w AR v RE AY 27HS BAT el A A8
L Zo] op BR, AA] 571 AFOIA F ulE k9] thAlLo] ol FEAAES B
43 Best e 1B 2 Aol 5719 A4 AR S BESHoct

f712u 29 stsh| 2 AL B3] SIS, 20174 7% BAH &
v A2 20174 712 SAR SAEAZA AR o] §5eck0 Lo

& 11545717 2 E A

LA BA A 9] ulo| A2 H|o] ¥ 54 H| A (MicroData Integrated Service)of| 4]
S7HAZA] 7HSARS AR (s 2) AR E T2 5 U9k, o|ojA w4t
BIZAS 1 P14 TA4S, RUE ISR A4 gE Ot
7} KEYE 0]-85to] Watslieh 2 A v Ao 5712 F4 08 $7549 1,
A8 o] B BRI B39, B4, H4, 94 So| kit

H A 57 1Y A= YRl sttt B E AElistEA dlese=
AFS:3Hs 710 7 ThE S W AufalAl Tt o 5E-S ALS 1A ek S 71o)
o ARl A2 Auista A tiEsE= ARsotal 7] Wil 57 W 582

0(

30) 2018ERES=F ZAR| HE0| ZoP | 0| 2 245 Piol 288 4+ U= 2RI Xz= 20173 K=ot



EolRo i 78L% Or|Wu| 7, slsh| 7, 7|E A 57HA =
A 77144 2t shotH] R = E, ofE FUE2 1007 o] hejoltt. 4H=
FARER] 243 FAREE Uer £ &9tk

& 1,15457F oA 68757 HsE=

71 A8 =0 A FES A7 A 4= Aok U A] 46757 de &= AR
A %= 57 RA f71 48 Re & o FoA 22T 740l & ol F 7t
A 789 57 FUE AT A4 7|2 AT < 420> B <H
4-21>3} 2t}

(B 4-20) HS2 A8 5710] 7|ZE72 (N=687)

e Yo BEFEHXL b PN 2|5z
s 2.30 2.72 0.044 19.69
1ELE 1.78 1.92 0 19.33

R®7|1E8HI= 4.25 7.94 0 101.37
sfofH|= 1.05 2.18 0 30.02
7|t ] 5.21 6.99 0.170 57.43
%S'LTAOHHEF 10.07 12.68 0.67 93.21
M= 8.49 10.81 0.82 88.86

AR AT A,

H 4-21) HIS= M| b= s7tel 7|1=SAH1Z (N=467)

M fe s BFEMX} b PN |5z
Ates 2.44 4.18 0.119 40.18
1ELE 1.82 1.81 0 14.54

R®7|1E88I= 5.00 12.23 0 116.63
sfofH|= 1.24 2.87 0 30.87
7|t bt 6.81 14.67 0.312 128.51
%‘-4—'—*0“4_*3 12.11 23.26 0.8 189.96
M= 9.80 18.43 0.64 162.04
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5B SN ks 5710 Bt & AAko] tERE ALk Bl
)8 oF 20%7} o B,

< 42259 < 415, <Y 42> £ §30 57b0] Qo] 971 Qoo
shul 0] AFG S, T2l A 9] AALET 97 QR A8 S Holzt §
718 2 o] St 2 ARG 9 Ak 97 WH| 2 AL g apo] I
B9 AR 5719 497} Wit o]k 94 BEASBIHE f71 Ak R
£ A7k RAFSHE B Qo] ATiH 0.2 §e3he Mshs Aol

(H 4-22) Q7|2H|2/3ISH|22t Q7|2H| 2 /A A 20| HIg
= Ha e EZ=MRt E|%t Z[ci2t
s A2t SQ7|H|=/ 35| 6.70 9.38 0 100.0
e=mme QUIRHZ/ MMM | 0452 0413 0 211
oo 77128|=/5t6H 2 6.66 11.71 0 184.59
HSS AR 57} (—
QIR /AMAZ | 0.436 0.427 0 3.28

Az AT 4,

<Y 4-1>9) AYUERSES Bl shote| R oju] 571982 AHg o] B
2 %5710 4971 5 0 QEROR B BES HoZET Z, ANHH 0
58 AFSs7h0] 49 sfahul e ALgeF thu] 9718 & AF8o] ALS5HA) ok

£ 7henh o L 4otk

<17 4259 AGLEGSE A 9] AT 471202 AL gTe] RuE
HoJZe} 0] vl &2 SolahA 1 BEY| $5-27t Atk 2 w9l AT 3]
Au| R AHgepo] 2.8 o) A19] Hyigto] BAE T, o]0l T AT £
719012 AFE o] F B W 2ol M9 B9e)7} tha] @Ao] Hek. 4] b
2 A% 5710 49 QBEOR £ RS Bol, UM AAFE 7Y
L A9olE SN O 7R 571 QU RS U Bl Ak 7t 57t
BeS HojEth

H|Ax 10| AX|A-&HAX mol 2M | 79
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(O3 4-1) |7|12H|z/o15H|=2 Ar8H|S| 22

HSE AM=s/t

HSE ASoHK|

—
e 57t

Kernel density estimate

Kernel density estimate

50 100 200

T
150

T T
0 20

o_rate
kemel = epanechnikov, bandwidth = 1.6575

o

kemel = epanechnikov, bandwidth = 1.8595

o_rate

g AT 2.

Aol 2

(O3 4-2) 771202/ 4 YL
s 2 A=s7t CHES 2 ARSI S 57t

Kernel density estimate

Kernel density estimate

T
0 5 1
x3y1

kemel = epanechnikov, bandwidth = 0.1008

15 2

2
x3y1

kemel = epanechnikov, bandwidth = 0.1125

Az A7 24,

422 =&EH

£ 53] 2Astoch

v RYS) BT o187 = R YA

#7188 22 sfet]| = A adE 4511 H3l, 4]

0
==

H}

o

A

u

<
e

SHz AAER7E 9Lk Aate] ZHs 3



A1 (1) BT(w,y;gwgy) =max{f: (z—fBg,,y+ Bg,)E T}

EPlich B4 29422 (2,y)7} 714 -E 79 $319 D (,y39,.9,) = 09
HA7E et

TIANIrE e 54 UrEMi o g A o gt AL
7, BYE 0 thof] HAoh] Gon, AEE yOﬂ &) Z7}s1A] QFtt.
a1 ggelsdd, 5

Doz — 09.y+09,:9:-9,) ZBT(w,y;gz,gy)— 02] 44
< 7} tH(Chambers, R. G. 1988; H 24} 2019 A|3%}).
ol AR D y(a,y; 9,-9,) = 00|04 7|33} 79 FA o YA 51, 7|

Bl E S %’101 AahE SRl QIHkal ShAb. of YAkAR7E of % 3] Al

4 -

4 (2)9] AVIedAES 5] fEliMe TFADTE Vel 7Hs
St FEf 2 A slodof 3ttt Chambers(2002)= T2 22 231941 9] oFr&



AR, o] FYE|H A5 RN FFA N 2
AFEE 3 Qlck(Serra et al. 2011). 53] o] T4t AR F AL} AFE-Eo] 09] 2

& Ad Aoz AHgE S 9l

4 (3) DT<x,y;gm,gy>

M M

Ty E Eﬁklykyz + z E%k%yk
M N

;= @iy Bu = Bues kzlﬂkgyk - '210%95 =1,
= =

M N M N
kzl’)/ikgyk - Zlaijgzj =0, Izlﬂmgyl - 121%';;95 =0
= f= - =

oX,
i)
filo
Iz
i)
31‘4
fr
»,
=)
O,
o
-,
o
S,
H
I
e
o
2
r\l
N
)
n)
10
1o
Y
12
p

/ N M
Zﬂrza =1, Z’m Eaijzoa Zﬁkl Z’m 0% vt & A

k=1 i=1 j=1 =1 =1

71&<] Atolet F1l= A i}ol, 53] 71840 5 FAF A7t FRE
2ol =

2
%**%%”5%1%%%7}M1E*Z1 &%%oﬂa%ﬂmnﬂul S

WSS Rk of A9 273 Hle) A g the 2

82 |



A @) Dylx,yig,.9,)

N N N
+ Yo+ %ZZ LT +Z§Ax
i=1 =1j=

i=1

M M N M

M
+ kglﬁkyk E Zﬂkzykyl + Z T Ay + E E VikT Yk

M N

@i = iy B = Bis E(ﬂk;"’ﬁe Gyk — Z a;+6;4)g,;, =—1,

k=1 i=1

M N M N
kzl’mgyk - Zlaijgzj =0, Izlﬂmgyz - Zl'mgm =0
- b= - £

Z 1719 9AFE A A (decision making unit: DMU)2] Z}& 7} o] 8755t al
312}, A DMUS] D 1(,.3,:9,.9,)= 0 O1AOI D& ¢, = [ Dy, 959,9,) — 0]
g} 512}, ¢, = 0 0]AtQ] ZHS 71X 31 Q13 T3 A g gt B tiafA] 1]
A, AAEE0 tisiAl= HS7tete 64 A& 7HA AL A2 B = Aigner and
Chu(1968)7} At B4 L EE|o](deterministic frontier) S T4 ™
AR&-RtTt.

T

/‘\_1 (5) min {ao,a,,.,ﬂk_, (1,,.7,6‘.,,(5,,‘,‘.} Z €t
t=1

—

s.t., & ZDT(act,yt;l,O) >0, Vt
0D (x,,y,:1,0)/ 02, = 0, Vt, i

81_?}(9:“%;1,0)/6@/“ <0, VvVt k
N N

i=1 z—l ]—1 1—1

;=g By = By Vi, J, k1

2] (5)9] &4 ZEE o] 2R FA A £40] ofy7] o] 4 ut=t



0E 9] BAA FIE IR T2 o= jlt) ol FHRF 2 FEHS ¢, 7H A
SE 3L (exponential distribution)E W& 7-$-ofl &= |- F4H(MLE)]| sd5=+=
2o 2HXE &3ttt 5HR|vH o] Y9 2 1930 1A u]&9] 7|
#to] 00] opuym, 9k 11 51]/\]?_}1:- SoldEo] 57| Wizl +74 wtuE o] &

SHe, 771 v 2o} ofohe| = k] tiA| eAl= A 93] 2/(2003)7F AR A3t
S 9 o] g3 A EAT = Atk w0t w S A4 F VA v &
o] 7k ol2} 4k £ 42 F W yof v E A 2%t ofe FUE HH &
SOl A B AtAtE A4t C(wo_wc,z,y)% A2 9E ¢ 9 1, ARS T
_’I

& AEg 4 ek, o K7 0) AR} RS S5 Qlrke o] Ald BAE o
9o

K K
S.t., T > E Akxkb, T o = Z )\kml;/v
k=1 k=1
z= EAI{Z y= Z)‘ky

k=1

K
MER,, DN =1
k=1
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Z 7
S

g &
80N
oL
>, H:L;
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O
o,
ol
QK
X,
(e
o
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N
=)

£ %7} 9141, 012 0] 83 - ¥ 29| Ari7HAo] e 1§ £ ulgo] e}
A ol FAZ| ST &S Hol=AS TeIg 4 it

o MPH- £ WE O A ekt RIS THYHA] O lm g B
Holehs 4L AT, BYo] Y £ 2] S5RHo] 4go 24
7] i ol e AR RS AT AW L HE BE T SR ALS Al
B4 Ao BIShohs B ZHAT bl 2 AT ol W B
Ak 4] (5)9) B4H BAES st B3 4] (Y HEAEHYS
ol 3] BAF 2N S BT}

2] (5)9] 3 E M= <3 4-23>9F Ak 27 mhehulH 9 13k 4] (6)T 2 7
EAEHY FAE AA =EH U, S 1,0008]9] BEFES AP I
Eg, 191 11 23S o] &3 ALY o= GAMS 25.1.3

(H4-23) 28 ¥z

nr2tojE S| SE mt2to|E] S| SE
ag 0.002 0.025 Qs -3.75E-4 9.63E-4
o, 0.086 0.055 B -0.002 0.001
a, 0.105 0.037*** Bia 0.001 0.001
Qg 0.014 0.008** Bao -0.002 0.002
a, 0.772 0.068*** M1 0.004 0.002%*
as 0.023 0.021% Va1 8.58E-4 0.001
B -0.060 0.010% Y31 9.30E-5 1.34E-4

R4 ZEASSA0| ZHA- BHE B 2Y | 85
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(1)

20| Ef FHR| SE oj2fo|Ef FHR| SE
B -0.004 0.009 Va1 -0.005 0.002%**
aq, -0.020 0.006%** V51 1.88E-4 7.40E-4
aqy 0.010 0.005** Y12 -4.59E-4 0.002
a3 5.49E-6 3.10E-4 Va2 9.65E-5 0.001
a4 0.010 0.005*** Y39 8.08E-5 1.46E-4
o -1.47E-4 0.002 Va2 3.27E-4 0.002
Qo -0.013 0.005%** V52 -4.55E-5 6.56E-4
Qiyg -8.49E-5 1.89E-4 5, 0.092 0.053*
Qg 0.002 0.006 3y 0.026 0.031
Qg 3.72E-4 0.002 g -0.014 0.008*
Q33 -1.09E-4 7.09E-5 0, -0.087 0.040%*
Qgy 2.38E-4 3.47E-4 05 -0.017 0.016
Qg5 -5.04E-5 1.10E-4 T 0.030 0.019
ayy -0.013 0.006** Ty -0.030 0.019
Qs 2.01E-4 0.002

T B8 AE A, T8eE, §/1AHE, SR, 7|EHEANS] oAf0] T AMEE-2 FAMET} HARES)
<A

it

<E 423-9) 2 ANE BH, 971 AUES A a7t A OE Fo5HA
B oy, U s T BAH 0.2 G054 glob Aol AFol 7ke
QL v X3 k. ¥ BP0 A9 0,9 W o, 4 vy B 2GS
£ BAF R oI5, theby] WAl HAY 0] ek mATh o}
& 6. 0, 0,7 BE SAHOR S50l 58 A8 57h0k ARSI ok 571
Afolo] £ ALgo] glof AIQl xjol7 WA R, 7] A 2o} Satul s @
0] Agagehel glo] Aol 7t 9lek. LI 1, r, = 94 420] A2 10%S] 7
7h9] FAHET} BARE O] TAo] QlolAIE o] AEE 99 571 1k ol

7t oleka & 4= 9l
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(H 4-24) Q7|&H|R2| 3f5HH| 2 X8 XA

T= H Yo BEHA E|=o Z|cHt
oD/ox,, 0.0011 0.0016 0 0.0131

A =71 oD/ox,. 0.6510 0.0574 0.0060 0.6942
—org/ox, 0.0051 0.0810 0 2.1203

HOfHIErA 0.0142 0.1894 0 4.9071

oD/ox,, 0.0157 0.0028 0.0112 0.0433

HAIS 1 oD/ox,, 0.7280 0.1013 0 0.7929
—ory/ox, 0.0245 0.0341 0.0182 0.5606

HOfHIErY 0.1471 0.2645 0 3.6948

A A7 2.

<E 42455 BB AR S7I0 AR S 7hR TR sle] 2% 97 v 2o}

sptul 2o Al ARY YL HolReh hEE AR5 7He B9

7)4H 8 & 29 57} 7 2fgkaol vl A ko] Bt 0.001124 g
8] 242 3¢o] 1 00f WS- 71718 ghol k. webA of
£ 7o) mEEI7HA) BQlehi Qe ek Aol el i o] B715 ]

IL. = speto|zo] gAQ PG BT 065124 JHOE 2 XS

ox o’

%
S~
E[S
o’
N
n?lﬁ
Mo
o
N,
i)
=)
il

Rojzr}, o] /1A A4 wTe Ml 8-S Hsto] - —C = §7]HH| 2 7T

63}'0
S5 S5 2.8 AOHs VIS TOHE R AF85719] A9 0.0051 2 o)
oD
81‘0

#7128 2o} ofshu| 2.0 Wt ARgFo] 7] ROl A Aol 7 97 ol thA]

FA71 00 7Hg7) diol .

% A2 ghol 4 HeH, ole 28 24

Yo o ERm ARG Ro] <i 4-24>2] WL}
o

RIS P20 ZHA- BB He| 24 | 87



5% A Aol A 7188 27 sl 2.8 GAISHE S wels
2 A4t Aol m2 MehATr Aol 4 22 (direct) AT Aol e} o] 4
EZL 0.01422 4 G712 H| R 1% S5F+= S| EE 0.0142% AA3c= A
2 ojnlstEz o theks] we Rl gol

O_L:

%

9]

(
Ay

< 4245014 TIEEL AL 3A] He B5719] 4

Hat4ke] 0.0157

Lo
24 A1835710] vlah WK 2 He HolzTh o] AT 97 Wu| RS 9|
N 2o 57152 malEo] o 2717 71 4H| 28 ALga] e
L A2 gk oA THER WAL A9 FE B He] At
o SR A, hEE AS57] A9 ¥ At RS Hes] 918§
ER2E 38 5)7] 2] ¥e] Aato] o 7HEk X Tl A HulS RS

AR 4 ek o2 A0 7] A R F57} ek 4 Yl

PR AR S 7 SIS A 41517
OFe 5717} AFg St 710N RSk WAl Ho] 1A 2 Gkt Aolth
At o] A B9 ZABAAGIA A7} AR Hujo] vle] Bk AAT B
A P8 e 4 ok 4 nejd 4 9l
sjotl 2ol a4 kel 22 o 221 07280024 IEE A1S%5719)
e

%7970 0.65100] H]ShA L o Fek ShAs 1 Aol A7 ANEY AL 3T
BHEe FoElA A itk uebd SR AR5 7he At A 57} Aol
0% §712u]29] AHgao] Slo] FRH o]/t Ak 2L thil BT 5

"0] 2447} 0.02450]F. WA

O

$7100) R AL 1 E 5, Shotu] = A8 24.5kethE £ 47} 9t

o2 THeie H] 2 JReo] Fjo| 2 S| Hghr sshe] B 97 Wu|=of Hle) o
O

o}
418171 B2 Bl S 7RI T o Qo o <& 4-25>9] FH] g2

(¢]
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9S BEl SHENS Y|E 08 Ph JEero] 041%0]h Sfshul o] A%
‘TR T} SR S 7| F 02 A Pl 18%(EENEH 2019: 35)0] B8
© F%Y ) shshu| L SR H Bek 448 Aao] e AOE AEL,
Ae g0] 24 Aol A9 At ool A £71 4 RS T A
BHs 52 MM 5 7He AR Yol Al Shst] 29t oA s 29 7]

Au8E ST o] S BEH 0w 47| Au] RS AL ATk AT
2 it} wlok f57h | Rol A Tt Bul kAo O WAy A AL gk

t}.

o Qo A& o] 2I3t S5t & A 2 FE FoJo] Y3t ULS S& Yt 11

U g A0 2 A 30 FES FYota Q=Aof tisfAl= AR v &
Q.

AHgol B3t A2 S ARgslol, 7129l Bajo] W @i},

(B 4-25) 354 ElH| A0l 2 Y= £

saorsoy | sEE%) | ik | YMMkg) | TRikg | AR
HEEH
11|000|kglj 1.73-1.66-0.47 17.3 16.5 4.7 66.7
=2s|
2.000kg 0.90-1.49-0.19 18.0 29.8 3.8 75.2
S|
3,000kg 0.41-0.56-0.09 12.3 16.8 2.7 80.0

A g4 Ael71& Bl 43D

oxr I _
_C_0|ﬁ o] 24%
o T D,=0 T o

o C

rr

G582 A8 g Bl Aol ohe=—
0.14710]ck. meba] 7R 1%2] AGF FTi: SSPE ALEFS o

0.15% E°l= 9T &

4
30
i

31) EAR Q71sR7|& X7 |&. (http://heuk.or.kr/info/sub2_3.asp?seq=746&boardld=info
02_3&page—22&searchFleId—Z&searChValue—&sCategory—&mOde—read). AM: 2020.
10.13.

RIAY P2 50| ZHA- BHE Tl 2 | 89
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SH 1-1) ZU SASASO| AT FAN2010H 7|F AR

4I
Jhu

e E
25 = Wiy | Big [ M R HiE
E{X|
R o ——r
HiZ 1.062 898 0.0
gH A I
e 2t 846 247 0.236 200 0.0
0y 0.080 401,287 46
7|Et 5,016,083 0| 0.0055 27,588 0.3
M| 0.0064 32,103 0.4
HaF 1.230 61,601 0.7
2 ]
a=el | 50082 oap s T 0305 15,275 0.2
HaF 0.662 69,345 0.8
MF )
e | EEH ] 104780 oepie T 0.240 25,140 03
. RIS 0.690 31,169 0.4
OHRH 7 5
el A2 gapig 0.200 9,034 0.1
g 0.708 18,258 0.2
oj =4 )
= 25,788 Wwig 0.140 3,610 0.0
H 2,908 ETES] 1.278 3,716 0.0
I e e
N o =7 1.079 6,086 0.1
o = 5640 ZX| 0.368 2,076 0.0
. =7 1.092 2,275 0.0
T 2,083 PIN 0.404 842 0.0
bt 78,012 =7 1.189 92,756 1.1
o LEf2 66,039 T HH X 8.7 574,539 6.5
i o] 33,416 T HH x| 9.4 314,110 3.6
o= M0 44,098 T HHX| 6.5 286,637 3.3
X =7
e I R B 1o 0%
70 305,304 =7 0.850 259,508 2.9
A UXt 630,140 =7 0.180 113,425 1.3
s 387,671 =7 0.713 276,409 3.1
] 8,803,035 100.0

AL Aol HBASE Bolo] AP,
Az 719 91(2016)% 20199 A A4S o] §51o] AT ol=T.
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(SE1-2) HIEE TSR0 B U H2UHY

S HE %

S X2 SeE w | o
B2 e | o | oem | oom ﬂ;ﬁ iiﬁg HE | E2S)
oo | 46534 | 40286 | 37220 | 3066 | 1427 | 2727] 1070 1024
(100) (86.6) (80.0) (6.6) 3.1 (5.9) (2.3) (2.2)
Jory | 42685 37396 | 34303 3003 1527 | 2057 767 938
100)| ©7.6)| 6| 0| 6G&| @9 08| 2
sopp | 46489 | 41236 | 37,686 | 3580 | 1990 | 2211 -1 1043
(100) (88.7) (81.0) (7.7) 4.3 4.9) ) 2.2)
ops | 4723 | 42129 ] 38132 [ 3907 | 1862 | 2510 - 1044
(100) (89.2) (80.7) (8.5) 3.3 (6.3) 0) 2.2)
s | 46233 41469 | 37495 3974| 1389 | 249 - 929
(100) (89.7) 81.1) (8.6) 2.9 (5.4) 0) 2.0
st | 46830 | 41991 | 37204 4747 | 1084 | 2977 - 499
(100) (90.2) (80.0) (10.2) 2.3) (6.4) 0) (1.1)
ot | 46988| 42576 | 37417 6150 | 1084 | 2762 - 566
(100) | (90.6) | (79.6) | (11.0) 2.3) (5.9 (0) (1.2)
s, | 48460 | 44104 38848 625 | 100 | 2762 - 499
(100) 91.0 (80.2) (10.8) 2.3 (5.7) 0) (1.0
sojg | 51013 46530 | 40647 | B8Ea| 1167 | 2751 - 565
(100) 91.2) (79.7) (11.5) 2.3 (5.4) 0) )
sojo | 51838 | 47404 41428] 5976 | 167 | 2630 - 636
100) | ©1.4| (99| M5 3| 6 O (12

AR S YEFAABE SADAAAT} PEAR(2020).
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4I
Jhu
N

HiSiAtz 3 2lett] 2 7120]

S 2-1) AT HIEALR 712 50|
B9} 2/25k

Pl =8 458 HIS2E 158z
2000 6,075 5,964 5,066 6,617
2005 7,407 6,273 6,084 7,590
2006 7,303 6,619 6,382 7,807
2007 8,809 7,411 7,619 8,880
2008 13,126 9,548 11,467 13,230
2009 11,140 9,780 9,559 11,727
2010 10,788 8,884 9,689 11,651
2011 11,605 9,971 11,335 13,399
2012 13,483 9,687 11,033 13,313
2013 13,002 9,197 11,212 13,181
2014 13,506 10,796 10,779 13,033
2015 13,492 10,573 10,198 12,023
2016 11,606 10,470 10,200 11,825
2017 11,240 10,473 10,060 11,550
2018 11,825 10,775 9,900 11,575
F 1) FE&2 HISEE] G582 vIRE7], vlee-82 E405%7] 718,

2) AEHRE PAG, FES, His8, 12989 BE X719 7|29,
AR SUFAER AR, SYFHAE LA,

O

221179



AtzH| ¥ H|=H| H|=

2H 3-1) A sie|g 71

4o
Jhu
w

=9l 94/20kg

AT AR HE Q1A H|IE ZEH=E
2006 8,900 6,600 7,350
2007 9,750 6,950 9,700
2008 20,700 11,550 19,800
2009 13,200 11,300 22,750
2010 10,650 10,900 20,850
20M 11,200 8,850 17,800
2012 12,850 9,200 15,900
2013 13,050 9,550 14,700
2014 11,850 9,250 12,300
2015 11,500 9,550 11,950
2016 9,100 9,450 10,850
2017 8,700 9,450 10,200
2018 8,600 8,850 9,600
2019 8,600 8,850 9,600

F ALF HE JHHo R 94 HE,

OJAFZ] v

=

|7 7tAo gL 2401u] v| g, Zed H|8 7oz d5}

71e] W& 71 RS8R B, 2006417} 20079 F87H HIE 71E-S S3EA) elo, Al LR TE

DEREEPTES
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