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ASC(SArEA T 9|35]) : Aquaculture Stewardship Council
CBAM(EtAZAXMH|T) : Carbon Border Adjustment Mechanism
DR(=2¢t2X}t¢) : Demand Response

GHG(247t2) : Greenhouse Gas

IPCC(7|Z2H3}0]| &5t HE ZH S9IA|) : International Panel on Climate Change
LCA(MIFETIY) : Life Cycle Assessment

NDC(Z7H2A7IAZLEZ2H) : Nationally Determined Contribution

UNCED(RM2A71E3]|9]) : United Nations Conference on Environment and
Development

UNFCCC(&2M7|=tH3F9F) : United Nations Framework Convention on Climate
Change
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EXECUTIVE SUMMARY

A Study on Strategies for Achieving Carbon

Neutrality in the Aquaculture Industry

— Focusing on Land-based Fish Aquaculture -

Chang-Mo Ma - Soon Choi - Mi-Kyeong Yoon * Cheol-Hyun Kim
Chae-Ryeong Lee

1. Purpose

= As the transition into the zero-carbon economy has become
increasingly fast across the world, we are now entering an
era where low carbon competitiveness becomes the

competitiveness of a nation as well as a product.

= The aquaculture industry is highly dependent on weather
conditions such as water temperature etc.

- Warm water fish species in Southeast Asia and cold water
species in northern Europe have a higher competitiveness in

terms of energy consumption because fish farmers don’t have

to spend additional energy keeping water temperature constant.

- In contrast, the seawater temperature of South Korea is not

xiii



constant as the country has four seasons, posing limitations in
large-scale aquaculture. Therefore, land-based aquaculture has
been expanded to address this.

The expansion of land-based aquaculture grounds that consume
a lot of energy to maintain a stable environment increases the
energy consumption of the aquaculture industry.

Therefore, it is necessary to estimate carbon emissions and
sources of emissions mainly in land-based aquaculture grounds

and devise effective measures for reduction.

Under these circumstances, this study aims to present
strategies and institutional measures to realize carbon
neutrality in the aquaculture industry. To achieve this goal,
this study verified the effectiveness of carbon-neutral
strategies currently implemented in the aquaculture industry
targeting a high energy-consuming land-based aquaculture
while estimating the amount of carbon emissions as well as
the sources of emissions in the production and distribution

process of farmed fish.

2. Methodology and features

1) Methodology

= Based on the review of domestic and foreign literature, the

Xiv

analysis of statistical surveys and consultations with experts,

this study examined the background of carbon neutrality
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discussions and global industrial trends. With these analyses,

the carbon competitiveness of farmed seafood was analyzed.

More specifically, the present status of carbon neutrality policies
related to the aquaculture industry was investigated including
the response trends of the IPCC, the World Meteorological
Organization, the United Nations Environment Program, together
with the US's Executive Order 14008 and the EU’s Green Deal.

With this information, this study identified the trend of Korea’s
carbon neutrality and specific implementation plans such as the
NDC plan by collecting carbon neutrality plans of relevant
departments and utilizing expert seminars and consultations in
writing.

Moreover, FAO statistics and domestic aquaculture related
statistics were utilized to analyze the production and trade status
of the aquaculture industry. The present status of carbon
emissions and carbon competitiveness in the aquaculture
industry was examined by analyzing carbon emissions and the
emissions by farming method taking into account the whole

process of the aquaculture industry.

Based on the statistical data of Korea's aquaculture industry
and survey data, this study analyzed the amount of carbon
emissions and sources of emissions as well as the effect of
the Eco-friendly Energy Distribution program while suggesting

countermeasures.

The effect of the program was estimated with a Difference in

Difference (DID) analysis by classifying the 180 land-based
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aquaculture households into the households that were
subsidized for the Eco-friendly Energy Distribution program and
those without the subsidy.

This study Concluded that we need to plan ahead to reduce
carbon emissions in the field of land-based aquaculture through
the analysis of the present status of carbon emissions and carbon
competitiveness of the aquaculture industry as well as the

analysis of the supply chain of farmed seafood.

Through these efforts, implementation strategies were established
including the construction of an integrated operational system
of carbon emissions, the invigoration of DNA-based land
aquaculture, the operation of low-carbon aquaculture farms,
the development of aquaculture feeds that reduce carbon
emissions, the reduction of carbon emissions in the distribution

process of farmed fish and the utilization of renewable energy.

In order to specify these strategies, a policy consultative body
was utilized to prioritize new carbon reduction measures along

with implementation plans.

2) Features

Xvi

= Targeting the aquaculture industry in which active research

has not been conducted, this study was the first attempt to
establish the policy direction for achieving carbon neutrality

in aquaculture.

- Until now, studies relevant to carbon neutrality in the fisheries

sector have been targeting capture fishery with most of them

being carried out by natural science-based methodologies.
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While a few studies were conducted on the aquaculture industry,
the analysis of these studies targeted lab-scale fish farms, which

made the result difficult to be applied to different species.

This study identified the sources of carbon emissions through
the whole process from feeding, cultivation, production and

transportation and then estimated the amount of emissions.

Preceding studies have estimated the GHG emissions from
aquaculture grounds regardless of the stage of aquaculture.

The aquaculture industry consists of a number of different stages
such as being breeds, cultivation of adult fishes, distribution and
transportation, which requires a phased analysis and improvement

measures.

A social science methodology was utilized to estimate the

impact of the Eco-friendly Energy Distribution program.

This study conducted a Difference in Difference (DID) analysis
to estimate the impact of the Eco-friendly Energy Distribution

program targeting subsidized and non-subsidized households.
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3. Result

1) Summary

xviii

Considering environmental changes in the international
community, Korea proposed a plan to revise upward the
Nationally Determined Contributions (NDC) in 2021. The
target was set to reduce 96% of 3.045 million tons (CO,eq)
of GHGs by the fisheries sector and fishing villages in 2018
to achieve the emission target of 115,000 tons (COzeq) by

2050.

In the aquaculture industry, fish farming generates more
carbon emissions than shellfish and seaweed farming. As for
fish farming, cage aquaculture contributed to carbon
emissions less than land-based aquaculture, of which
recirculating aquaculture generates more carbon emission
than others. The land-based recirculating aquaculture
system, represented by smart aquaculture, tends to be
advanced and scaled up, generating more carbon emissions
than cage aquaculture, and consumes a lot of energy in the
process of filtering breeding water, generating more carbon
emissions than trawl fisheries, according to overseas
research. The carbon neutrality issue could have a negative
impact on shifts toward an advanced system with more

carbon emissions than the conventional aquaculture.

In order to prepare a strategy to deal with carbon neutrality
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considering the growth potential of Korea's aquaculture
industry, readjustment of the growth strategy of the
aquaculture industry is required from the perspective of
carbon neutrality in comprehensive consideration of the
upstream stages such as breeds and feeds and the
downstream stages such as the cultivation stage, import and
export as well as distribution. In addition, in order to achieve
the NDC target, proactive policy measures are required,
including improving the production method of the
aquaculture industry and developing additional emission

reduction tools.

= The data from the survey for 180 fishery households were
used for the estimation of carbon emissions by species, in
order to analyze the effect of support by the Eco-friendly
Energy Distribution project. As for questionnaire items,
annual electricity costs, oil consumptions, feed inputs and
outputs, etc. in 2020 and 2021 were surveyed, based on
which carbon emissions were estimated for each fishery
household. As a result of the estimation, mandarin fish was
the land-based aquaculture breed with the highest carbon
emission per unit production among fishes, generating
21.3kgCO,/kg of GHGs on average when producing 1 kg,
followed by halibut with 19.4 kgCO./kg, eel with 13.8
kgCO,/kg and starry flounder with 10.3 kgCO,/kg.

= In case of halibut, it was analyzed that the production of
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adult fishes generated 19.4 kgCO,/kg of carbon emissions
as of 2021. However, carbon emissions per the unit
production of the halibut breed amounted to 32.9 kgCO,/kg,
indicating more carbon emissions per unit than the halibut

cultivation stage.

As for the land-based aquaculture, the sources of carbon
emissions were analyzed for each stage of pre-production,
production and post-production. As a result of the analysis
on carbon emissions from the pre-production facilities
through the survey, the electricity consumption and carbon
emission from lift pumps used to pump up seawater
accounted for 50% of the total, which was the highest share.
It was analyzed that the electricity consumption by the two
types of heat pumps to raise the temperature (one for
geothermal heat and another for air conditioning) also
accounted for 28% and 19%, respectively, which served as
the second largest sources of carbon emissions, while the
air-supply blower and low-pressure oxygen dissolution

device followed their lead.

In the flow-through aquaculture farm of the production
stage, lift pumps that draw in seawater, were accounted for
about 70~78% of the total electricity consumption, the
largest share of the electricity consumption, followed by
ozone generators and oxygen blowers. The final carbon

emission was estimated by multiplying the electricity
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consumptions of each aquaculture facility by the nationally
approved carbon emission factor (0.4781kgCO,/kwh) of the
Ministry of Environment. As carbon emissions were proportional
to electricity consumptions, the lift pumps were found to be
the largest source of carbon emissions, followed by ozone
generators, air-supply blowers, freezers for feed storage and

feed makers.

In the post-production stage, the share of emissions from
transportation calculated based on the carbon emissions of
medium-sized trucks were the highest at 71.02%, followed
by freezers for maintaining the freshness of halibut (16.30%),
freezers for maintaining the freshness of raw feeds (10.87%)

and packaging equipment (1.81%).

In order to analyze the effect of the carbon neutrality policy
in land-based aquaculture, a survey was carried out on
fishery households supported by the 2020 Eco-friendly
Energy Distribution program and those without such
support. Samples used were a total of 180 households
engaging in land-based aquaculture, consisting of 60 with
subsidy from the program and 120 without the support. As
for questionnaire items, data were collected, including
production, the amount of feed, electricity costs, and oil
costs, and cultured fish species and farming methods
(flow-through, recirculating, static, etc.) were surveyed. In

addition, a factual survey was carried out on fishery
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households who received the support of the Eco-friendly

Energy Distribution program.

According to the result of the sample statistics analysis, it
was found that the average carbon emission of the fishery
households with the support in 2020 were 20.1 kgCO,/kg,
higher than that of the fishery households with no support
(15.9 kgCOy/kg). This result indicates that the fishery households
consuming more energy such as electricity and oil received
the support. Looking into changes after the support project,
the average carbon emission of the supported fishery
households was reduced by 6.1% to 18.8 kgCO,/kg, while that
of the fishery households without support increased by 0.4%
from 15.9 to 16.0 kgCO,/kg. It was shown that the fishery
households participating in the support project were shifted
toward carbon-efficient production methods through which
less carbon was consumed. Specifically, it was analyzed that
the production of the supported fishery households
increased by 6.2%, whereas those with no support registered

the production increase of a mere 1.4%.

The policy effect of the Eco-friendly Energy Distribution
project was estimated through the Difference-in-Difference,
showing that the effect of carbon emission reduction and
the productivity improvement took place at the same time.
The Eco-friendly Energy Distribution project helped reduce

carbon emissions per 1kg of production by an average of
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5.09kgCOzeq, and the effect on the fishery households with
the support from the project led to an additional 13%
emission reduction compared to those without support. That
is, the project is effective as the production method was

changed into a more carbon-efficient one.

2) Policy suggestions and policy-making activities

= Based on the result of this study, five policy suggestions were
presented as follows: the integrated management of carbon
emissions from land-based aquaculture farms; carbon
reduction in DNA-based land-based aquaculture farms; the
development of low-carbon feed for cultured fishes; the
improvement of inefficiency in the distribution of farmed

fish; and the diversification of renewable energy sources.

= For the integrated management of carbon emissions from
land-based aquaculture farms, suggestions include carbon
emission data collection from land-based aquaculture farms,
the development of an algorithm for measuring carbon
emissions from aquaculture farms, simulation and validation,
the integrated operation of carbon emission management in
aquaculture farms, the expansion of farm control technology
application, and the application of the energy reduction

technology in aquaculture farms.

- In regard to the sources of carbon emissions in land-based

aquaculture farms, it is necessary to develop technology to

xxiii



XXiv

directly and indirectly collect and process the data of carbon

emissions for analysis.

As indirect emissions accounted for the higher share of carbon
emissions from aquaculture farms, it is required to identify a
variety of elements influencing carbon emissions through
literature survey and field research first, and then analyze a
variety of impact that the relevant emission sources have on

carbon emissions to derive appropriate indicators.

In order to systematically link and operate the data collected
from land-based aquaculture farms and the algorithm for
emission measuring and provide the related services for users
with expandability, a framework should be in place that can
manage and operate it in an integrated way.

It is necessary to expand the application of highly-efficient heat
pumps and control technologies that take the characteristics of
aquaculture farms into consideration.

Although the architecture and structural design of aquaculture
farms are not subject to specific criteria and management, the
design criteria for facilities considering the energy reduction
technology should be established in order to save energy and

carry out efficient cultivation in land-based aquaculture farms.

In terms of carbon reduction in D.N.A-based land-based
aquaculture farms (juvenile and adult fish), the establishment
of a low-carbon aquaculture model farm and the spread of

low-carbon aquaculture farms were suggested.

It is required to improve the operation method for energy
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reduction in land-based aquaculture farms, and a shift toward
smart aquaculture is needed so that precise inputs and outputs
would be allowed. For smart aquaculture, a model farm for
data-based aquaculture should be constructed first, by
establishing the D.N.A(data, network, and Al)-based digital

aquaculture system.

As for the development of low-carbon feed for cultured
fishes, suggestions include identifying the requirement of
essential amino acids by cultured fish species and reducing
greenhouse gas emissions through the development of feed

resources.

In order to improve the structure of the aquaculture industry
to deal with carbon neutrality, fish meal, which accounts for
the highest share of feed, should be replaced with ingredients
with relatively low carbon emissions. If data on the appropriate
amount of amino acid within feed by fish species are
established, it would be possible to produce economical and
eco-friendly feed through an appropriate feed mix.

It would be possible to secure eco-friendly feed resources, if
the mass production and stable supply of insects and sargassum
horneri are made possible and a mixed feed can be produced

by using wasted resources.

If the consumption pattern centering on raw fishes is
improved to the consumption of fresh fishes, carbon
emissions from transportation would be reduced. In

addition, the structure of energy supply should be improved
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by providing a variety of renewable energy sources such as
solar photovoltaic power, small hydro power, and hydrogen

cells.

3) Expected benefits including policy contributions

XxVvi

As nations are under increasing pressure to address global
warming, practical efforts are required to implement specific
targets established by nations and industries. Against this
backdrop, the competitiveness of a nation as well as an
industry is likely to depend on whether to achieve carbon
neutrality. Therefore, it is time for the fisheries industry to
reestablish the direction of carbon neutrality while striving

to find new methods for carbon reduction.

Directly emitting a large amount of emissions, capture
fishery is a easy target for reducing carbon emissions.
However, the land-based aquaculture industry, which emits
a large amount of indirect emissions, is rather swiftly able
to become carbon neutral depending on the utilization of
renewable energy sources. If the land-based aquaculture
industry is able to expand its production, and replace the
production of capture fishery, while maintaining its growth
rate, the carbon competitiveness per 1kg of seafood would
increase. It would lead to a higher competitiveness of farmed

seafood compared to livestock products, able to maintain the
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sustainable growth of the aquaculture industry and be

chosen by consumers.

Under the increasing pressure to practice carbon neutrality,
it is necessary to introduce a low carbon certification system.
The certification system intends to support voluntary efforts
to reduce carbon emissions of seafood from production
fields and encourage producers to participate in the efforts

to go low-carbon.

If energy storage facilities are introduced, the impact would
not be limited to the storage and use of electricity. It would
improve energy efficiency in terms of replacing emergency
power generation, managing renewable energy equipment as
well as maintaining generation quantity and energy
distribution and management within aquaculture grounds.
Furthermore, it will contribute to the transition to renewable

energy.

If a carbon emission inventory is established in the
aquaculture industry, it will allow us to formulate carbon
emission reduction strategies in each production stage by
conducting lifecycle-based environmental assessment
capable of analyzing the carbon emissions in the upstream

and downstream of the aquaculture industry.
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QT LCA A& A] Thofst 2719] E5W 4] A|AE T} Hha]o] AJo|stT
2 SO E52 == LCA 24 S ARSsto] A= vlart 7hssitte=
o] QlojA de] AREE I Q.

Henriksson et al.(2012)2 FAIPAR|AHIQ] LATIA HiZ
IHE =5 109 HS AESI] A2 thE AL A O] A
7Fs%t LCA A8 UHES AT AL, FAY, 24K, 4 4
Atz AAE 718 4] H7], A 5 FRAPAA A FAQ S I Qg
A3t A2k Tt diole] g " e/3E AA5Hitt. Henriksson et al.(2014)
O] ApofAE AEZA 7|HIO R, fHOo R £EEE e=te] gatmlo}
7], MEME FAok= ofrlot 4] A|AH LCAE &-83dto] E43}
Act.

Robb et al.(2017)& ¥=ZedA] 1Y getalo}, Q% 9o, HEY H|7]
= 37029 Q2 EZ 179 i3t LCA BAo g LA7IA &3S =4
St A% v WSFTE LCA REEE ‘R4 LCA BE HA 1.1°0] AREH
Rom, Atmol A Y=ol Almo] A U 2HF oFAl 2o EX|o|&
H5KLand-use change) & ZtZo] tigst 2A47IA viEss F4o10

H] AL SFAT.
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MacLeod et al.2020)2 AlA FAAIAS] 247TA &S 78T
HE Qlth. FAIRARE T R FE ALt A 4R BARE 93% HEE
Aotz FEES WIOR oloith 2AVIA vigsF 34 A, AlA ¢4
Ao A HiEEE 2A7EA &2 20179 7|E0R2 0.49%19) $250]
o, FAAY HA| 2ATIA HiEFE FAY F Fa7] FAolA e

ER R P LS Ly

T gAaFY T A e EF S AT ME=elA
EUAY O $E5= 550 B2 Zo& AT §3 AolA &
24 AH7F ZREHEA A&7 22 FAFA(SEAT, Sustainable
Fthical Aquaculture Trade) 7} BUS] ¢S wtomA I ALE0] T
4 A=) EE(Aubin et al. 2006), S414 o]1F(Aubin et al. 2009),
w57 #7](Bayart et al. 2010), = $&8 ACao et al 2011), =
A(Mungkung, RT., 2005), 14| o} E=tuloKPelletier & Tyedmers
2010) o] Hi#®2oltt.

AR Yf o] 32 oA EX|7E0et dojo] tist LCA I+ =
o AP fEE dqas ngAs Bx7RSo](Papatryphon et
al. 2004), Aol(Ayer & Tyedmers 2009) 5 LCA 84 WpHog A
STt

FA AR A4t Qo] Ales 24A7EA BilEo] o] SasH HEA
o o Alm T A-Papatryphon et al. 2004, Pelletier & Tyedmers,
2007), At Mg 7Aoo et A(Hasan et al, 2017) 5°] F%1€
HE QUeh. A4kl A g HiEso] B ol AFRE A++$F Hahan,

19) M7 A =4t3 Mitet Z 24 T AS(EHIQ] 93% £7)2 2A7HA HIEZ2 263MtCo2e2F
ZA| 53.5GtCo2e(UNEP, 2017)2] 0.49%(MacLeod, M.J. et. al, 2020, pp. 1-8)

20) EX|0|2 H5to| Tt HFOIM 17| YihS 2ot 2ATIA HIEZ0| S & 7HY =24 U= Al
QUCH(WRI ZH|O|X|, Z4A#Q : 2022.8.11.)
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et al.(2017)2 FAAIGS] 2A7EA AT A%te flt Rt s Alm |
&4 /WS ALsIATE FAOE FAY HaTA= AfE s A= A
ZE(FCR) A 9 7Ie/ES 9%t A&7t Alvlus 7i2lste] A4t
o] 24A7tA 7loE g7E 8 S W, Al AgE ARe A =4 5
5 A, dofjFA el Amas i AR g4t Sl didl =2lstan

AARCE FAAS] 27t 7FY & 319 A+E+ Yuan et al
(2019)9] A7} Qlom, F=ollA FAY sl wE 2A7FA HiE
71 2A4S Sl HEt viER VM sk A E Sl ARE
Faohks Aol 2R FAR A 2A7EA BjEF A7 Aol et
sto] 5A]9] FAR A Al E7|(aeration) A RS AASFI.

SF7E FA HF=E dAlchks B A7 HiEHE EY 5 At
Ray et al.(2019)9] AFoA+ & FALDY 2A47A viEFE F79510]
SATGT vl B4R & FAOlA] oA, olAlStErATE AFF
ot gk BHAYSHA] ethe AMES ERISH & A ERE
o oJgt ojAtsterA RIS AR 2 4~61 Ato] FTISHAAIRE, o
Te= FYHgE Aol e SR ERIFHAY &7 AHZFY 10%
=2 YAlots Ae, 2471A 23 a9k AEAF 1,080% e &0l

Kol

>.

S
;

rlr mlm

71FHEL FAAd o) v A= A GRS 43 Sahya Maulu et

al (2021)9] A= SA4IS diAlS HZ] 2024 oFAlALe] 9]

23E A7t FAAIAL 2ATIAS HiEshHs SAMIS diAlok=
H— 7hest Tl FFEoRA 715RIS Yo

Fastth= A AASHT 7|FHStE QI 712 A5, S 5,
ol

rlr

e
AR 2 AR, A5 He), dg 9 Bk So2 s Aol IF
= He o diHER, dr]HoR ASEe W] ti3stal, 714
S 2= TR A&7 F8l 71eRie delE Sl 24 €8/
= AAek



2) I A

) F29] $4K] B[SO 7]¥t LCA B7K= ojAojdS tiato = ot
oA 2(2013)9] A7 Slrk. HW G B A2 o] FA
oAl ¥AYeh= 2A7IA HiETFS %Xée} AEH 220149 A<} dA|
Gl 247t BiEFE 3T FE (20159 ATt Atk

F84: 212015 WA FAAOIA WK SATA WEFE 4
Sloich 9A) 1k AARANA WASHE CO, S A4 23, W
Qb3 AFENA 247} 36.83ke:CO/Y, 24.33kg- COL/ O EAFEY
on AFEL 48 2A0E 8| AaHo] Fof whh wjEo] sl
BT} AL Aog Ut 984 91(2015) Ao AR, A7), 85,
LA, ofF 5F Sow FHl] CO, MEFS Fsleltt A7 A,
Al Agel ol ZHluNETo] 7 MOLor, iz QFAR4,951~8,250

3 o

ol

5
=]
X

m)2] B ol AT A 242 1,048.8t-CO2/|, 1,525.8t-
COy/ 0] Gttt o= & A9 o|Fog ALHo] Fot AFEY 5

NI AHGS ZISAAT, WA 59 JFOR +4L W] I
52 SUA A4, 4 5 B A4S 5712 A% 4] Agel
Lo ROz AT & k2

A 2(2014)= W0l FAR A YT 2ATIA HiETHS A
% o}?‘;t}. B0l 1kgd BArdANA LSk CO, HiET A8 23
18.03kg-CO2/ o2 A=, ¥iFto] A P2 7524 FA1
ge] A, AR, 9E, A7) S04 BAtER= CO, HiEgo] 44 tivte
FAZHS,000n?) 7102 ZH2F 449.11,048.8t-CO,/d, 616.71,048.8t-
CO,/Y, 519.61,048.8t-CO,/\, 428.61,048.8t-CO./ ¥ 5 & 2,057.6t
COy/Ho = £3toixha] QFA12H(1,000m)¥ AR 23t =&EQ]t).22)
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QEAQ A7l 82 2(2015), AEA 220149 ATONHE X
A YA A HEAYH= BEA HjlETFof| &fo]7t Q110
3
_‘|

H
= H
o, HAE B2 FAEOIA FAF R ]‘é‘ At o= %57} ]ls
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i
o
S
hu|
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5
w3
I
BX
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_g
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o
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i To
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_r‘

A A Bet Bad

oF ATE T FAY LAA HHEYF FPUAS A3
(A0 AT, FUEZATAL Folelet LAt AP

I:Ii,
o2
>,

ﬂJl

0

Mo M
)8 r—ﬂllﬁ ;IZi

ggsto] g4 wiEgTS FASIAH. Ul FAF ovA A= 242 7]
N gl a3t 248 flsf Aol st skt A7 At

FAAIY Y 247t HiETRS 753 AT Qo FAR oA AR

% A= ol 2(2018), @A 9](2020) 59 AT7H Ut
o5& 9](2018) ATolME FA ST T G AH|9] Azt
A7IARE ol A BE7}F AR ok= H]Fo] 69.9%~77.7%(2F 3008t Kw/H)
o] goto] HILAA 9] oA Hzlo] Qs AOZ YepgTh E9h WA

o] &3tofata] FaoA 7R A7|A ﬁﬂ% 4 WY 716.5Kw/mto]
g5ll, 7]et A7 1678.8Kw/niQl ACE YERGTh

AN 92020y 24 FA AU HAE 2t A AR
AEHE AR A8 AH]9] 84 2 2, AT+, o5 35S
et Hx ALgolH, S TS AT FFHEI ARgo] AT HIF Aok
Ao ZALEIT 4 Bt AY AH[EFS 4,185kWho|al Atk HI o
I ZAAFEIE7), AdEeElsd 19 A8 AR 4 Bt 4,185%kWh

Hgo® QS AL S5 Ao FAAT § ATNA 15T
GFF ALDE o8 AU ALGE HAt] A AETHS
AR R ABSHE Ao] T Folek b AN
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* tX|H: Final LCA case
study report
10 HRAKHE): Henriksson
P.J.G. et al.(2014)
o G A UAMAAABIC
LCAME HHE &5

* I}H|H: Greenhouse gas
emissions from
aquaculture

9 ° HARKALE): Robb, David
H.F. et al.(2017), FAO

o Ol =4 2ATIA HIEFE
A1 QA A AR M, HIE
SEXQIHs QMG | 25t

IHH|H: Quantifying
greenhouse gas
emissions from global
aquaculture

HPAHHE): MaclLeod,
M. J. et al.(2020)
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H1E =2o| g R MY S

1. =2 HiZ

AARCE 7| ol8T} ko] vlHst Ay, sjad AlS S 7]
stz 7170l AL k. IPCColl wWEw,23) 195063 E oA
£<§ gTL__?_ oﬂq]/\-] ;q7]o1rg] l:ﬂ-}\H H] E7]’ 57}6]—@11:]—. A}o%g]r o]
A9] F5 1.2 @A) WA ML 504 Ao 4.8 Z7HAT, B
T of 12C 271519029 7|5 Hsle Qe dejEer qlokee 5
Agsoleks A A Wk WAL k2 A 9, vl 55
A=oME 71 stz It ArdAs w87t Sofuhal Qleh.20) o4ts}
g, opeRdA 5 2ATEAE A2 @Rl2o] HAl glo,

_?4

)

o

) ‘r‘ -10l‘

=
o

ot 4 rU -tlo
o Moo
’

¢

23) IPCC(2021), pp. 8-9.

24) 219 &, p. 4.

25) 2100 A7X] EtA bHEZ %"OIII A=CHH, MX|Q HISO0LE S HEIEY =A=0| silH 4522
0I5} R4 Z40[2t 1 EMIHCHGuardian, 2021.8.9.), 20213 JHE|E K|26Xt S07| S 510k
A= EQ0A EUZ 22 E [ S0l Aot FEIEY M=0| Kot 7|2HE 7|12 Y27 |=
FACHEHA21(2021.11.10.)0(ZAH: 2022.6.20.))

26) BBC News iﬂlof(ZOZ .1.15.)
27) IPCC(2021), p

23



o017t oJgt GHG(Greenhouse Gas, 247}2) Hj&9] Jgo] A|F-2&ush
o] 9 HQlo] HA T}

(12 2-1) 7|45} Q01 &AM

THE 28t £ MR ¥z metR FHIo J|uter 243t J|E
2) 1850~1900 1 CHH| by YT WRE Ea o) BA ZHHE ARE 3
2010~2019 & ZH=E W7HEl 1850~1900 & CHH| W7HEl 1850~1900 & T
2=t 2010~2019 & 243} 7|0j= 2010~2019 & 23t 710 =
°c °c oc
20 2.0 2.0
1.5 1.5 15
1.0 10 10
0.5 0.5 i 0.5
oo ] ’ 0o nin - — + g = oo
0.5 -0.5 -0.5
1.0 -1.0 1.0
oft [ B a L o = o do o2 mr o Hmo 0%t
m oo A = om o= N o > o
B M e m o= i s m o N g S
SRR 2 o rﬂ . P s & 3 =
g ™ 9 [N el
o o o S s T o
e P
> B i
> e o
e

CO. 2| 247tx Hizto] QIR[H ooj=ZE gstof
#==2 7|9 F= 7)o

K= 7|1A%4(2021), p. 8.

ofr

19884 A|A|714717World Meteorological Organization, °Jst
WMO)2} 7213341 8)(United Nations Environmental Program, ©Js}
UNEP) 7|83l et J& 7h '5'39]7‘4]?_] IPCC(Inter-governmental
Panel on Climate Change)& sttt IPCC7F 1990 A1A}F 715

W3} H7EE A E TSI o, O]'“ 1992 Hepd 2| Q-gRh|o] Fofl A
N2E A7 2]9)(o]sF UNCED) A 5171 #H3g oK l6} UNFCCO)
o] iHEHE]h 7]1:1]—0] 1:,,]041;} :LEiL]- UNFCCCE= 71—;(1]/\-10] gj\h H]jr_;ﬂ
oFet 0] FOTE A A A= tdC R oAl A5=HE
371 9t w27t olojFy, I At 20059 HEFA7L aH E}.

ol
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WEHM= UNFCCC 7454 1o SAlE A=l vigs H551E
O F55ith.28) 7ol ZATIA 5 ORE Fofdh A ¥R gt nE
O Aol wet 22 1990 HiEHs <A = 2008~20129 5W7tF 24

7IA HiEERS 19909 4] -8%~+10% $F 0 &2 ZF&3sfoF Jch29) R
A o] SAE =7elA HEE @AY A AR REE 247EA
HiEsFo] S7HT E3 A2AF WEHA Gk Al ul=, Au, EAlok
Y&, FHWET} Foobx] ool NEQHA Fof=o] viEwko] H AlA
&9 15% 0= Wolbgtt. oo we} == HlEsto] w2 =7t
7} o & = A= AAZE 287

NZe AAS H94 JF7I= 201549 AR1A}F 7|5HEE GA=rE3]
(Conference of Parties, ©]5} COP)o|A T2]E 4 (Paris Agreement)S
Aegict. @Y Sofl AX=T 70| Fofshs 2A7EA HiE A
A =17 oA AAES dAwole AMdst oA Hi] At Hek2E
Fe £Z 2CHEY o] 202 {A5kA, A7|of H&f 1.5CE HA &
=5 LEtiths g9 Aol gtk

°0]% [PCCx 20184 T™x|F213} 1.5C EE R 1A(Global warming
of 1.5C), & YHSIHA A B2 5 HHE 1.5CE :am_s}oﬂ o
™ 300 2050971 A AA B4 & viEHS A2HA] Sol= BAZ
g2 Aokgith3D) o]E 93 2030W7HA] EbA HiEERS 2010% tH‘ﬂl
45% 208 Zofof 3Hrh32) 20199 UNe] At * 1
(Climate Action Summit) °|% A4 Zr=olA e4asH
Uk 20209 10¥ 205097 ©tagds AT Ze Adsigit.

28) 2A7IA 0|2 BHA(OECD 3|22, REAMESH(EEC), 398 ANEMMERTIL S 4371=)
(Xt=: UNFCCC EH|0|X|(FML: 2022.10.25.))
oh?m%ﬁ?a(zoos) pp. 16-17.

IPCC(2018), p.3.
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H2-1) WEOIYMQ I 3 H|w

= WEOFA 023y
eSS Fz JE= SE gAR
2A7IA UF ol
e 2etA 4= =27 J|2He S, BEY,

03 45t S T2

2ot 7|7t M -
o [ o

R27Hs A 1%k 2008-2012 552 M 1 72

23} 2013-2020 (0 54 Ol)

25 5% SIEMON RgxoZ 4
SHo[x} 2t 54 Clorst #9IRt0] 2I0Y S

At BAHRX 8=(2022), p. 126.

20219 109 g= FEAIA AXE #1262+ COP(elst, COP26)°l
A AT 715 3H9(Glasgow Climate Pact)7} A=}t FA0L
1% ololl= s Ed 242 fldl 24 5710 AS551E AHESL 4
Fole wietoll thet =97} EAITE E3E o] 7] S}
T A== 20259714 AW AL 20199 tfH| = H o] £
Lok e HEo] Aety} st AR tigt oEx
k= AFgo] BHFE QI 33) o] Y eSAFEL 7%
71} = 7F 7t =9 oA SHFoH, 247
et oz} £ o AF 0 A W 7oA AHEHE]
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o

i)
(
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W, oo

tlo Hi i o

ool
ok
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O>’

d

e
Ho v ok ]

Hy
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o

o

(e

Xob
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f

A
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20, E}':
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V=5 TACE 283 -AAA HSAAE =571 AR, A4S

33) HHAZHHRATL(2021), p. 4.
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N

9] Btagy T 9 Ashs Y2yt w2 vl F8411 4
T vl Zoz AH u=T BU, F3 SolA eAFAA7T FatE
9, 20309 2yt Agdlof sk Al 24 9F 6,1009 9
oA Hof 1% 8,7009 ¥o= FHH}.349

=)

o

E191: 0} 2
e 2023 2030
EU 2,900 7,100
0j= 1,100 3,400
53 2,100 8,200
2L 6,100 18,700

Ria: EYSIEA®1(2021), p. 35.

daTH I A4 AAE AE8ddew

-
By, B23Y FHY A% 7KW AGUT SR 799 P2
) A
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Riz: BEHSOEZA LR A2

F 5EZE AHE A AR 13571 of7tollAl A¥=%leH, o] & A
ol 11971 o7tz fedom W2 Ha A Uehllth Aiv] 9
A 5EZE AlAt F 73.79 ¥ 5 68.32] Yol AR Hofl HPEo] A
AG A B dFo] 7FE w0 ARGl ARIES AHQ &2 ol

rooh >
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E40] gt o Balth AFE 420 YR A5} 34 o8] s
sto] S|EHIY] Bgo] O WA Aot FOE ekt

ao A 28 | Fd P A BN UM Y BS WE BY 5%
A 135 | - - 1 - 3 - 2 119 - 10 - -
20174 | 16 - - - - - - - 14 - 2 - -
20184 | 14 - - - - 1 - - 12 - 1 - -
20194 | 18 - - - - 1 - 2 13 - 2 - -
20204 | 42 - - - - 1 - - 40 - 1 - -
20214 | 45 - - 1 - - - - 40 - 4 - -

Rf2: BEHSOEBA LR A2

£19): of
Al o . | =
= A ZE F7 8 = RU St U™ Wy = HF Y 55
A 737 - - 02 - 13 - 03 683 - 36 - -
20179 126 - - - - - - - 17 - 09 - -
20184 92 - - - - 05 - - 8 - 06 - -
20194 79 - - - - 05 - 03 65 - 06 - -
20204199 - - - - 03 - - 193 - 03 - -
20219 241 - - 02 - - - - 227 - 12 - -

M2 S=SHESA LR A=

5 EL AANUA BRAIS A Sefstel 202295 E 2025
7HA] Qizk 3439] 9] oite £UT ALolm, 202280l FEYT
30591 €, <AHlE 379 9 AU AZo]rt6

65) SREHESA HEAE
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71) ®12 A=

66
67

~J
—_ T D=

49



AAHOR FANS 38 241 iy FFAAT FAlo] S48

39 92e s Uk

(T 3-1) MA| =42 Ykt S2H2011~2020)

ro
40
1=
re
rm

91

201 2012 2013 2014 2015 2016 2017 2018 2019 2020

mOIQ WA mYA MY

At=: FAO(2022b)

(8 3-2) YA E MA 07 2 HIS

FISH AVAILABLE FOR HUMAN CONSUMPTION (KG/CAPITA)
ES

1958 1968 1978 1988 1998 2008 2018

M Capture W Aquaculture

Xt=: FAO(2022e), p. 72.

FAAkRlo] B2 S7HAIE Holw Atego] strigol wat A BAtolA]
FAJAkle] AA|FHE wlFo] Lojutal Qlrk. 2011 AJAtEollA ojgo]
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AASH= BIF2 60.5%, FAAL 39.5%3ct.72) 2=} 2020d0= oY
AYAEE v1Fo] 50.8%, FAY HIS 49.2%= AP FHA AL Q)73
ST WARFS Zelsithd, 201340] ofn] 4] AJAteFo] ofy AYAREF
ZIe}. 74

mlo

201114 AAK} IS

= 01% )E-H'kl_h?"t n QFAl Ml)\l-%f-

(=) L= i B = )

A=2: FAO(2022a)

20209 71% $4HE FAANRFO] 7MY e STk SO02 F 6,280
E9 AL 75) ol A MA AAEES] 35.4%0f 705t =to] o]
of Q&=7} 1,410%F &, JAZ=HAoF7} 1,2209 £ AAMgloH, HE
H£71 11 FE olAth7N o]y ABAkF GA| F=rol 7P woted 1 Hl
0] 14.7%= Robzlom, QI=HAof HF, QlE, gAlo} 5o] 8 oY

72) 919 A=
73) f1°f A=
74) FAO(2022¢)
75) FAO(2022a)
76) {12 At=
77) 9| X2
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AAFEo 9Tt 78) Wb Fro] oFa] AARES 49607 B0 A AA| ¥4
AYAEO] 56.7%F AATSt] 7P w2 HIEE AARTT) S theo
E A, =HiKel, MEd, WEEhEAl 5o F4 diterol ot

AAF27H2020E 7|Z)

FA
>

oi

A

—

'*

E32 m QIE A0 s T2 s 5= n 2 u Q1= 4| A|OF
w QI A0t = 2{AJO} = 7|E} =HEHY = YSHHA = 7(E
X2 FAO(2022b)

201949 712 ¥ ojFAAlEFo] 6,9105F E, Y4 olFgAlEko]
5,850 o g ofRAjAteFo] MA|9] 71.8%5 AFAIFUTE.8D ofY AYALEF
AL S o] FAJAEFo] 72.7%82E 7Y Wokth UH ofF ol A
AFFE 1,0305F O & 11.4%83)0] Exgict. WHH FAoA= Y4 of

FAAFO] 4,8108F Eo g AA| FA] AARFO] 55.0%F AABHFOH,
AATEEHF ZEF)o] 20.3%, ZAZF7F 12.8% $=850]t. o= 8
78) 29| Xtz
79) 29| Xtz
80) §I9| Xtz
81) FAO(2022d)

82) 29| Xtz
83) /2| Xtz

84) 212 A=z
86) #12 Atz
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¥ =710l F39] Goltt. Fo] Yo, Fol, 2o § WE oF F4
o7 Yid 2o FAIS Ho|1 Q7] wjRoltt, E3t o, HEY, o7t
£2 SACNN BAEE At G4 AA F8 F4 E=olt).

A a7 SRl weEt 20219 AR W= oF 1,640 ©
2= e AlACIA 7HE Eol AdiEs s=4d9HE S shtolth.s0
FibEe] AR E F 7IRE AAl 23171 59 7729 3.68, =AY
S, 7HERo] 8Hljo] E3tthsn) ibE wotRE 2T 1097 ABt
2.4% 71885t A S Sy Ad=olAe QlE, AFHEE,
e 5 MEEAFo 2R E SibE £US FHis) 1 AE=7t $71895)
I e & At F2 Y FE2 A, Ao § FE Y FF

olt}. oo r l2golofA EU 277w R I=2o= FEFH= Aot
AIA ibE ] APOIA ARJehe BISol w2 AoE e k=2
fololA &8s dole F2 AR 1 7R oF 879 27t
=t

o=, Z=, EU, 919 4R 9 tEE oF 8009 2E= A AlA
2K ekl ok 50%o0] Tett.92) ﬁa] 2T 57t A AlA SAE 1L
Aot AW 2% S7FeE ) whel, 22 717 vl 6%, w—}i 10%
718193 = FE7E B =7l vlsf ThkeA SR & 5 Sl

86) Seafood Source EH|O|X|(HAMLU: 2022.6. 26.)
7) Rabobank(2022), p. 1.
88) Seafood Source EH|O|X|(ZHAHY: 2022.6. 26.)
89) Rabobank(2022), p. 1.
90) ol & p. 1.
91) Hof 2, p. 1.
92) Seafood Source ET|0|X|(ZAH: 2022.6. 26.)
93) Rabobank(2022), p. 2.
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(a8 3-5) MA == (20214 71%)

Chile

500
> Seafood trade value (USD million) Exporting country  * Figure just below the minimum requirement for showing a trade flow

Xt&: Rabobank(2022), Seafood Trade Keeps Growing From Strength to Strenath, p. 1.

2021 715 vi=re] SAME =) FEE 9F 2819 E¥ 2 20164 tiy]
869} 9] Z71HCED AjS, 2lol, A, RAE 5 1R EBo] 9]
T 91%E AFAISEAL QITth95) o] F A9} dloj= F= FAoA ALt
g},

Y ARE Y EE 20219 71 9 1729 2990 20134
FE 2021 Q97H4] 4bE AT A8 4.4% SV H B, adad
2 10.1% 271 1577 EE9] 229 H|Zo| Z271978}HeS & 4
Ak 2R ¢ FEL AL, ¢lo] 5 F4] ol ofFolr, oji & ol
5 ol8 Alm 4R 9l AT 5Wzk 38% ST S el A

AN A7) 2716 98-8 u|Fo] F&KEF 4 9ith
94) 919] &, p. 2
95) 99| &, p. 2.
96) Seafood Source ZHO|X|(ZAAMY: 2022.6. 26.)

97) Rabobank(2022), p. 2
98) A2 &, p. 2
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(d% 3-6)

0= £ = Y A2 HS

9000

USD (millions)

91% of total seafood import

value added since 2016

6000
3000 II
0

Shrimp Salmonids

Groundfish + Others
flatfish

Source: Trade Data Monitor, Rabobank 2022
XtZ: Rabobank(2022), p. 2.

)
Tuna
2021

m2016 2020

(J83-7) 32 FL4ME +Y A2 HE

Figure 3: Demand for salmon and shrimp has rebounded strongly in China

6000
94% of total seafood value
added on imports since 2020
-
2 4000
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o /
a 47% 0%
> 2000
47%
-29%
1
0
Shrimp  Fishmeal & oil Crabs Salmonids Lobster Pollock Cod Pangasius
m2020 m2021

Source: Trade Data Monitor, Rabobank 2022
XtZ: Rabobank(2022), p. 2.

219 o]F k= 599 9 odA] Bl § 5,100 T2 574 &
TA] B4f10) 507 Qlsto] FEE S4bE 7HE o] FTFeklom, B7IXIA
7151027} 24ME =80 G v]A F0RE Btk of7]of 1R7E}

99) OFA|OIEFZ(2022.3.16.)(AAY: 2022.6.26.)

100) 2FH(2022), p. 3.
101) 23412(2022.4.28.) (M
102) ZAIYE(2022.4.21.)(ZA

ne ue

:2022.6.26.)
:2022.6.28.)
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%] QFALAE] et S8 FP HaA A A S A At
Bo] G E A0 BHI0IE, ARIRE 95 A4 St "a
5 Akoltt,

20219 71 EvE pibE A oF 380 E2& 2T 109
7 AB 2.0% S7H ©] T Aol Ak 20129 oF 109%F
EoflA 20214 <F 944t Eo 7 AWF 1.6% HAd FAE HATH Yol
A Al & 71t Aol AT 3.0% AT WHE SHGA] A
2012 °F 1493 EojlA] 2 Ld OF 2407t B0 2 AWH 5.4%% 7}
ot UaeHoldd *‘W%L B 4.7%8 5SS 2=t o] A Y

(O3 3-8) 2021 01 S

1, 1

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
5 : = Y0 w40l

(o3
A& R7ISARE, (PSR OHE EZE ot S, 2021(HMY: 2022.7.14.)

.3
104) =7 fEHIEE* 01“*”&%%*5*#, o1l EEE 0 54, 2012~2021(ZMY: 2022.7.14.) A
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S
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A

SHFA A F SRFY Bl 2021¢ 71E 77.0%= 7
H|5S XAt o]= 20129 HiH] 8.3%p oI\t 50|}, S=2F
oF 185%F Eo = X 10W7F AB+ 6.8%4 S7HIE EItt. ©
= FHFY 17.9%E A8 i2F thao = AJAkeFo] wWoltt. Bhy of
T4 AR 20219 87 9,436E0]tt, ol FAJARFO] 3.7% T
o} 12 Qo] 7EF A BEL 1.0%, A4RE 0.4% 5 22 52 24
3l

oz H
du e o
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=oé
He)
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oz

0
lj

AFZoLe 20214 715 OF 32 2,0059] Yo H 109
W 5,794 S7HHT AAEe J1zo Rt offut g B HE
FAIch 202149 o1% SjwieRs) AAEole o 1% 239 Uow 4
| SAFAL 36.7% SEoIUk HF ALFAL ofF Theo

tl, 2021 SHFA wiF FAFHL oF 12 1, 1400* do =g ofF
2% SZollth. ANF viFo] 71 BRE HEFE oF 7,604

R L O o IT A =

N,
o,

ol

o
S

o

20
FIF

z
]

B Al RIAZ &2 HISS AR

AT} AR 139 Aol eh9Ig HZolA £ Zolck. FAolR
o W BoF 7ML 20214 71% o 13,488/kg O, WF2,5919
/ket NEF(A129 ket B9k BAFE NP vFS 71 o
U S A1EL 16,1129/kg 0% 7P BT

ofFER duHH, 272 F¢ AL U, A 5 F8 31 F
AYAkgo] HA s AT oF 97.5%C1 Bt AL P, e
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2 s S0l 75,1990t 1S Bo St spwer e
o T chAlel, Hg, 7 Al etk Sk 9lee & 4 itk

JEHAE S

TUSE,

1.0%

=07 «ZAF ~HF «JEUSE «GHER =CHAOMR = 0|19% = 4R/ = 7|6

Ma: A7ISARY, HLYLSEZAL HE BEE 0 &7, 2021(HMY: 2022.7.14.)

mFF2 AAFNA 7HE w2 HISE ARIskeE o1F2 =0l &2
20213 3t 3l oF 30% & BAIE o, ol A wF ¥ AT
71.2%] Bk goltt. = T4 BArE2 20124 oF 287 Eo3ler,
22 1097 2 W glo] Aol FAIELL . & HEoE Aitego]
2 A Hife Tolth T2 202149 63,6728 AYAtEo] AA iR
FA ARl 14.8% H1SS AR 11 Qo wpA|E, B 5] oF
29to] & AitEglen, 7ieble oF 53 & A HR FolA=
7hel] ¥4 Akl 22 1091t oF 108 S7H=Hl, °l= 20109
=" gsiet vdvien] 5o AT Sl mE ZolH.

T4 ofFAEelM 7 BlEe] 2 A2 Tl AT 2021 A
ST AR 41,7910t ol= A ol7F4] AitEre] 46.7% 4=
o7 7H w2 HEE AT velRE 2uEH0| 17,473€, $oI7t
10,352 A, 1 gol= =, 7] 59 B4 HIgel B0
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(O3 3-10) 20213 258 iH YAz WhHHIS (2)
OFA| T AR
72 7|Et

2% n2ER «HAE «HER «712HIF = 7[E = HAR « ZOEE « SR = &HE « IAHIF = 7[E

Nz R7ISARE, HLYUSSTAL HYE FEE 0L S, 2021(HMY: 2022.7.14.)

o}FoF2] HiH R ulwald, 202149 71E SANFA| 07 Ak ojR=
48,508%, SMI7HFElE 39,175E02 SAJo|A 9] A4t vlFo] o &9k
t}. o= o}F AAERE ¥ WO RN 11 o]FE FokE & At oF
3 P Aol 7MY B2 G e A SAeRA] FAFoA AL
7FRpR] GA] Mg SAERAolA ATl B 2oEEE9] 99.9%, %0
9] 86.9%, #=2] 100.0%= s 7HF2ollA] A4t=|ar Qlet.

Sl ed7Ee]
44%

s HYTIFR W SASTA « SHA

A& 7ISHEY, ORYYSTRAL, AE-ARTE YA OIS SN, 4it, AIS, (0]
MR)E & &), 2021(Z4Y: 2022.7.14.)
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FA] ofFoll tigt Alm B2 20129 <F 519k EolA 20214 29F 55

U £02 AW 0.8% 71t 22 7|3t A A%+ 1.8% 7t
e A3t vl wshH AR AHRRE H AA| F715H. olF E9lf AlE HghE
FA J% 9&0 g 4= 9l 201249 1kg AR 98] AFR 6.7kgS FLFL
U, 2021919 6.1kg Q2 oF 9% Ak ol wigAlR A8 Sl

20121 AR AR oF 449 Eo= A AR AREFE 86.9%°
2. 202190 AARR AREE] oF 468 E0l3loH, o= HA| A
= AR 83.8%0It. 22 7Rt BiAtR ARG 2012 6.79F 9
A 20219 8.9%F Eog ABt 3.2% F7HT

(B 3-1) 72 Y4 W N2 ST

Tt M/T
- oAl 2012 2021
S HpEH NI Y&t NI HH et
=2 ez MR 42 ysx MR 42
A 510,508 443,382 67,127 | 548,829 459,651 | 89,178

A

SaeRA 228,971 |1 204,954 | 24,017 | 277,670 243,503 | 34,166
2| | 278,810 237,855 | 40,955 | 267,060 | 214,761 | 52,299
SHA 2,728 573 2,154 4,100 1,386 | 2,713

X2 IS7TE, OISULSTIRAL M- AT UL Of5E YATA, Wt A1S, 20|
(NR)E Z 2, 2012, 2021 (MY 2022.7.14)

MR ARl S7HACl AT, ARES 10%H 2 Ft 53]
F2 FA AF A= A= ARl S7HI 20124 90.7%AE
Ak AREO] 20219 92.6%F S7HOm, 1 % oF 24t Eolqich

Hhd ZAtule} gots 201295 H HiRALR ARl 90%E AR
RS F2 ARSSE o1EH AARE ARSshe oSl mEtA AlR
a&o] thEA et YARE 90% WRE A&k EA], 28
A= B 1kg WS A8 AHEE 6.3~7.7kg FYHoF At HhA uj
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YARE 95% oV ALGIHE Bol, HELS 1kg Aol 2.2~2.6kg?) AR
2 A8

S M/T
2012

G H%:,f‘m A2 : Hy 3 A2 = HH 3t
S gey B gz sy B a4z
A A 510,608 | 443,382 67,127 548,829 459,651 89,178
=N A 225008 | 204,274 = 20,823 | 262,445 243,153 @ 19,292
ESI== g | 167,103 | 151,974 15,129 127,712 112,722 = 14,990
07 A 16,310 | 220 16,090 @ 27,365 1,372 | 25,993
5 A 64,292 58,749 | 5543 | 64,290 59,732 = 4,558
JRoE A 1,864 474 1,389 | 13,625 38 13,587
K& 27ISALE, R UYMSEIZAL, Az AT QAU 0fF'8 YAFEQA, 4, AIS, 0]

MDE = ), 2012, 2021(AML: 2022.7.14.)

=
SUZt FA SiEFO AL 16% gt ] v 4

7= 23.3% 571

¥4 olFAYF F7H0k WA AR ASTFE F7HL 90
PR F7heol Bzl Bl EUh ANRE FE Holz T
OB RS U o B ARt asAL, MEARS 2 A8she
A9 AR T OF 1/39) oz B o] MRS AR 4 Qi
webd] @Yol 8T 4+ Ak HEAR 7$7ptol WA Aol
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FE7} Bk 20179 71F FAGAIEY] LAV FulE 2L 245.4
Eo|t} 1060 Q17F =07 vhlsls LAIZEA ZH|E Z2ATFI07)9] 0.49%
ot B 23719 2A7EA FHERe 34 E oldell, HiA|av],
Ha7|Ee FAeAE ] AT HiE o] At.108)

i _‘95_%_ /%4}1\} /\] H]-Aﬂ-é]&:. O A] 7]./\}_—_ okM./_"\_/\]-%jl} H]
Zo|glon}, M) =L oF 30kgCOse/kgCWE FAI5AHRS o
Z£0]T}109) W AL GHG Hi&4o] of o] B]s) At 2 4
A g MAAAA] L, mjulgh 9Fe) oiletA B olkst
&3t} 110) Ray et al.(2019)2 v]= =Hlo] A317|2HE A=
oA &3 %tﬂ.@a YA A, A5 1,080% e Fol
3} e LAZA PE Tt e Rolet BAYEID
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105) FAO(2022¢). p. 72.

106) MacLeod(2020), p. 3.

107) UNEP(2018), p. 5. 20174 & Q19X EtA HiEZFS 53.5GtCOeq/HOZ St

108) l\/lacLeod(2020) p. 3.

109) ¥ &, p. 4.

110) Ray et al.(2019), p. 9118-9123.
)

111) ®12 Xt=, p. 9125.
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(T2 3-12) FQ 44 Y ZA WA ZZS GHG HEY 2 of

A
oy
H1

80

60

20

Emissions intensity (kgCO2e/kgCW)

Global GHG (MtCO2e)

At&: MaclLeod(2020), p. 4.

S R CRIENDE EX T 2 ﬂHvE gt wjE o]
o o &3t} TR FAlO] SRS WSS B 302kgolt.114) vt
@ 1% o] 5.3919] LAAAT MBS RIS EF 2 3271kg
oA 2t} 44,400kg7H| HlE R} 115)

o[2|gt Aoli= YolG A AR offlof wet vhdT: FAFARS I
A(Upstream) @A, DA, F4 S(Downstream) GAE AR F
d A gARME FAGA] ot ARt TA & Y 849 A 2
5a0°| o|FojZth. ol AlmoA WS 2A7IAE IA EAolE
H3KLand-use Change, °|s} LUC)2} Y= AJAHA ol A viEE T}

112) Jones et al.(2022), p. 127.
113) Froehlich et al.(2019), p. 3089.
114) Jones et al.(2022), p. 127.
115) /2| &, p. 127.
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(OE 3-13) MM B2H = GHG HISE H|W

10000

5000+

| m—

Bivalve Finfish Seaweed
Mariculture sector

Emissions (kg CO, e per t live weight)

Xt=Z: Jones et al.(2022), p. 127

LUCE: “qigte] Ejol ol et st Wi 441107l s

2 ke AAH ol82 98] A A EXE 9 W Z4to] 2
WSt Bl WAsks BAAAe vsler £AVLA B Hok
Thi17) of Abw uel SAET SRAGHY LS Y5t XS 5

Az HAshe oM TS A 247k 3 a9l

E3 Al 28 99l o] HlEsle] H2AE AT FEE
€ 7]‘5 Al 2A7IA7L viEE T §9] ofE2 ojollA A RS
g8ol7] dio) stAAR ARE, $ARYE 1 S9F 0 F 59 BAFAQ
—rXﬂE WA A LATEA HjEo] Z7)el= YQlo] HT} 118)119)
m020) p. 1
117) EXI(2012), pp. 1-

)
)
118) ¢1er+A(2017.9.21 )( aM: 2022.6.27.)
119) F7+48H2021.9.3.)(ZMY: 2022.6.27.)
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LR, TR, OfF 52 S41EA Ao Wasich EFo i AR
Al A7t SR, ol o] E QISiHo R %S o} Lk
oA FB}A7131 F7E QAR 120) o] FoIA] st SfEgHT} o we

QFo] QAIZIAE URPA|Z 4= it} 121)

P oAM= T 52 2G| ARt AE AR E oUA] ARG,
715t AV AR 9 A ES7E SATEA A0 24 oFat WA |Qlo] 35
o HgH 1y AR Y, HAF 5o% Qs i o, FIUSt
b st o9E F 84 HSE 9% 44} Wasichi2) ol
o192 ofFFAOINL B B Hla| LA~ viEeol Bt

(H 3-3) LAMA CHAE 24TIA HiE
MAEEA| Al 22l 07 W= =F
oz X & SE YN 35 O A A
o | AE BE MME 2BHEX| 012 5K UC) R &St | O X X
(upstream) | A2 AAL 2 7FR(EIHHIE, ALR Y2 MAD O X X
Mz 25 O X X
Az A O O O
Ol4X] AME O O O
oFN 7|8t A 2 QX|E4 O O O
(on farm) Hot 2 Z7HTH B HE 2 S|st O A A
QH 3l BHUB} X2 O A A
Aol pa S SlEtEH AE O A A
7t O O O
de = s e ey O O O
(downstream) LHE . LHAF H O} O O O
=5 O O O
02 BRUR BENI HREAHEOM O, HOM X, HE0| T2 HSK0| QIOH AZ B

XtZ: Jones et al.(2022), p. 126.

120) ZIHein} SAEQAMAAM: 2022.6.27.)
121) Jones et al.(2022), p. 125, 127.
122) /2| &, p. 128,
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FAoIF FA WY F 2Telnty P 2L HA4F FAlo] Py
TN FHre] PART O B LANAS HiE ol A 3
oA AR oUASt AR AFgTo] 7
o Sefubet W] R4l BAPEolA s 24
g 18.03kg/¥1290]1], 2 279 WX FAOAL 24.33kg/H1209]
WL EHA, ol REUSE AL S 702, 4ol 848
9o Fol ESfat BHL, BAZA(CaCO)E 40

2

d

J

o1 B715PA ek, 50t A el AR 55 B 5TE
ZATMAE A7 oF 3,419 HiESH129
(O3 3-14) SAPEM T 2 LA HE T GHG HHEZ H|w

40000 1

300001
Farm type
| Al

200004 - : B Coastal net pen

E3 Closed/re-circulating

10000

. “-‘- L N
Tc;tal Upstlream On-l“arm Downétream
Life cycle stage

Xt&: Jones et al.(2022), p. 128.

Emissions (kg CO, e per t live weight)

AR ThE Thal FEo] vl AREOIA | e LAZkA

o
E AN, 1 FoE FolME ST THAE Aok 2471A
123) ZZE% 2(2014), pp. 60-66.
124) 2424 2(2015), pp. 616-622.
125) ZE% 2/(2014), pp. 63-64.
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T4 GBS s, iR shio] AL WA i, uh 9 of
T AR D FA AL P AH 29, 95 5 A A el A4 24
71 g THE 9F4] ofFo] b8 et 53] wloful Al g
TS Y Gl SRS A oA Aulr F7kgel
A7} whEo] ol HFL Hol Zow Uehgrh

PR S4E 5 HE ST 3399 A4y Blwst
d, © Fe LATIAS WgAIZIT) 20134 712 HiE U o) A9 &
2A7EA SRS QI EE 0 HiEEs 2ATRA FF oY) 0.45% =
o) X|gk, ZAFIL 14.5%2] B]ZS XpA|slar QJr}.1260) et A AjA Thd

(d3 3-15) L HuA SZ2E GHG (20134 7|F)
3000

2500

2000

1500

1000

Global emissions, MtCO,e

500

Beef Dairy ' Pigs " Buffalo  Chickens  Small  Other 'Aquaculture
cattle cattle ruminants  poultry

Xt&: MacLeod et al.(2019), p. 15.

126) MacLeod et al.(2019), p. 15.
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Y F ARl 7%,120) Z41900] 33%12009) e Tejghy, FAe
WY BFY 71RO SAIe] HIs 6.8% B LAVRAS HhEske 2

53] &, 9 BEYONE AR A L AL 9 EAolgo] B SAldn

o} g, ol EXjo]g Hlo] B2 ehaviEe Joith wat 5744 %

A7kA viE @Rlo] Hot, ol whe} Tl AulEF g 2A47kA viES
A&, F9 HIFo] Ert Gt A= 4 9k 3,1008, <F 2,5008 HiE3CE.129)
1= 15085 &S 41213000 vl W2 vj&EsFolct.

[©)

(1 3-16) FQ SE4MBO| T AHIZY EX| AISY % GHG 5

Land use (ha) per tonne of protein consumed M Cropland Pasture
0 50 100 150 200 250
Wheat ™
Cormn

Beans, lentils
Rice M
Fish, seafood ™
Eggs =
Soy -
Poultry =
Pork [He—
Dairy
Beef M

Lamb [

0 700 1400 2100 2,800 3500
GHG emissions (t CO,e) per tonne of protein consumed Agricultural production Land-use change

At=E: WRI EH0|X|(AAMY: 2022.8.11.)

© T

15.
H|O|X|(HAY: 2022.8.11.)
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X2 Tilman & Clark(2014), pp. 518-522.

TARE SoIME oyt FAIY ZF HIET Aol= YERHT oy ik
lkgd olitofeta: viETRE 1~3keglH| Hhl, FAARES 22 F& B4
5t7] 918l 2~7kg9] oliRlgtATt HiEE Q1T 132) EE oY} HIEE oY
7h Sha WlEe oF 3u] 71 o)} o, giof b QFalE) Hlkglolzt
2] okA] 7lol| i 2ujlo] ek ZJol= B itk 133) o7 olw} TofA o]
ARV B EE ol xR, E SE 9 7HEe, 4] Al
131) Tilman & Clark(2014), pp. 518-522.

132) Global Seafood Alliance ZH|0|X|(ZAH: 2022.8.13.)
133) Tilman & Clark(2014), pp. 518-522.
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oA FAZ AR 50~95%F olTste] AARESH ] ol AN
o] Akge] A2 Aol 3t QP ARl 23t 4
AL oA FUEE e AFT 5 o] HAE S
go] e}, FAET Abg< Fpagol A2 g s 3
1ol AA7F A=l A Aol £, &5 oA A

Q % 9139

_O|L
rfr
)

iz
N
[
=
i
s
iy

o, A4 ke O] AW 954 FAloIA O 10~12kWhel ¥,
Sstolaha] FAOIAE A7 15kWholA] B 30kWhe oF 24~40%

BOIT 139

£49) 4] R B SARAS WRARICHE 927t itk 1o
o)

o
% QIS Basy WHoIA olglrrt B Age AhEY 4 gk
S

134) Liu et al.(2016), pp. 1-12.
135) Ahmed & Turchini(2021), pp. 1-14.
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A A4 29FA)(Ecosystem Approach to Aquaculture, EAA), 55ARESH
FAl(Integrated Aquaculture-Agriculture, [AA), ARSI (Integrated
Multi-Trophic Aquaculture, IMTA) & TFA3t 4] o} =518 o)
7k °F 9,7008F 29 ©AE A 4= Uth130) o]= 201749 71 ¢4 &

247 HiETE] 39.5%C] Boke Felth &, A u:}a} A &
T2 50 @5 HS AHT = Qlvks HollA ojdoldE gta FY

Fq- Sk A OTT;]-
(F 3-4) QALK =5} UIE ELA R

SO | HNH DY | o ram = eazay
= spup NNETEE H4 AR ot £/1)

|1AA 4508t ha 21.2 954
WIZE 478t ha 1.15~1.39 0.54~0.65
ol X% 828t ha 0.54~0.83 0.44~0.68
IS 4030t E 0.06~0.12 0.24~0.48

FeT 97

= tha 'year ' X t/tyield year '

AtE: Ahmed et al.(2016), pp. 468-477.

E3F 019 ooz ofF, I U U, L4k SuhHOIA ke
og3p7] ThEo] SHYARES ALGTIE W YL AL o8 ofF

27} T, SAFAOIAE A/ AEo] OB A7
A7l dfEgo] 2ebl 5 ik AMTUAE AHgSRe Sateluka) Al
2 Qb 7|5 AR FART} 13.3%-53.2% RS 55| TS )
ST 13D PRI T BjETo] 7F B AR AR AF(FCR)
I, SIS Qe ) ol e SRolat W A

=
gsto K ol AMRHS Fo] AL HEHES AT & 9

=

[o

136) Ahmed et al.(2016), pp. 468-477.
137) Ahmed & Turchini(2021), pp. 1-14.
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At&: Ahmed & Turchini(2021), pp. 1-14.
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(H 3-6) LA 2ATIA HiE
o GHG HIEZ Y
© EQ| QA MA-E5} S HIEY
« v AR 2R MM UK 95
Macleod T D Hls e A
\ otol LRI ARE, H|Z, Al MS HIS
(2020) ° '_gr-lo—k HiW O B
£ GHG HiZ, &% 3 2
(kgCW) & GHG &
N YA-E5t S HiIEY
Doty | e NE e Hga e
o T HE 199 GHG HiE
¢ EYU QA MU-RF S EMH
oAl HiE
Jones : tﬂ_#: Mg as =08
ool Hal ALZ Z MM AR 7HS
(2022-) U2, A2, oK, Al RK
B g, 52, 7 |EFSISIEE!,
7HE, Y, YE-dE, 28
o THOI: M| 274|(1) & GHG HISZF
£ 94 MA-25} F IS
Macleod, | | .. o2 AL J|Z. O
M. etal., |~ o AREROUEIIS 75
5019) ORI AR, HIZ, Als MiZ HiE
e bl ChYE = GH
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;LETH*'Q) HIEZR AV} 7 PR S
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Mol GHG HiE2 F5ue) Hlm CHA o7 2}
< OA-£5} X HiE2 o LA (T oA YSHFEFE2
_7<6 = = _| X AHA"A" fae]
UEISUES o | T B | oo
WRI o B EX|O|EXE AUgS [H_I':_) =EN |'o; | O}
ue: | A BEAMNERSIRANE | g0y gy DOSHENDE
a1y % HIE A8, OlCiK j}”j;ﬁ,a; GHG =20 23
0.1 ° I:r0| EH:IHXI Erol AH|EF(J[) Ct §H|§)W! [ ° _J'\_@—%% E}qolg_
GHG Hi&2 s st F2H0]| M2 BfZ0|
o= SAS4FO2 MG
« SAS(ETE,
. o MIPHBIKLCA) }‘;% EPETiHﬁ o CHHEI g S @ATIA
Timan |« 14 556240 LCA M M8 0o oo UEESA S
& N EEESN BSOS [ oo, | FSE0IRES
Clark GHG ti&2f Aol ST e AN X0|= ES
_l'__%I-OFAI) TUE 3_ — —=
(2014) |« crop: 2422|(Keal), 18] MBY, | ,WZ(Q _ o O{m akAlo)A
CHHE COISaKg) P HIEY | oo amn | 20IHIE

RAE, A

RIZ: 2t HYSTS BIEOR TX XY

AHEGA OB T = 4 c@ofiA] A AIARE Jds) i
S} Fd= HolHA 7HRE ARG g viEso] Wk S

= ﬂhw ol oA oA 4H7F Wol EE o] &4 &S
Heh g2 Aos FMHY Q. ®4F5Y olfre 71 Al ARG
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a8 SAFA ] etan|Zo] Yid] HES oF 3 AR 9]0 A
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2 A7E 9l AolUA Eaard A 23 245 919 18071
A i ol7he] ARERA ARE S8 139) o7t tid AR Bo
20209%} 20219 A =—Y], /7 AR, AR T 3 =
FAFso], o5 HIFO® 7} of7}e] & HiERS FASIAH SR
oA HiEEE 2A7IA 4L AL, AY, 157 Al 7RIS

2sto] FHEAT APAFolA LA ofF TF, LM 52 ¥

Zo| Ao} & ATo|NE TsA akor

o
o
o>~

S~
&
:

O

CO2 = Feed + Elec + Oil

Ao SrAHlE2 vidAL RSl PAEE FHEote] ARSIl HiEALR
o] A% Liu et al.(2016)2 Falsto] vighAlR 1kgd 2.5kgCOzeqs
oo} AlAbellth. 140 thg o & AR O] fAHIES A Al 7HIE U
ol AT 4= Slvt. AA, &7t He 7ol ofg oA LAY sH=
o, 4, SAE ARIYoIA Q] Y ARG, AA|, YEEIA oA T

SR A ALgoltt. of % ol ofF] Yl BaEe 18T AL

139) B2 0171] SEO 7IZEAYR 015 4% 3 HMGT} 24 KON 45| S,
B YA(CAT)S Saf 120K, TR 07} Cht| EEA7} XCHe B 2 o170 S

140) Liu et al.(2016) =29]0] AIEIZ(SINTEF)OA] LAY G10] Bt HEIS 3451 010)
T2 201243 = 290[01Af 10f HIBINRS] EHAMIESZS LCAYHOR F5101 2.5kgCOx/kg
2 573 8, 0] AIR B SIEINIAIR 126t 2O AR 84 EE T3EX 248, Y
84(2015) 5 7| M@TUA T3 210} AiZ2| Et: |4 3.33kgC0,/kg(20008 FH)ECH
FA19| IS Brefst 71y

= [=H

K
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(2018)5 #1sto] 1.87kgCOy/kgS Hdto] AAls)
AR PEEIA L9 ehalE A AR A uiEol ZetEE
Aog Hol ¥k ARQIsHA] Qigttt g ARgoz Qlgh B4 wiETFe
o717} SHT MU E T o)A YRS AR 7] dodrHADE
o] A7] AREHKWh)E =&0kal, of7]o] e3RelA st 2021
| FQl =7F AL HiE - A, 5 A
0.4781tCO2eq/MWhE H5to] 513t 142 f7= RFHIE 24 9
19 HAlG 7HE 02 Weol §7 AMRRS oL, 20219 591 =7t
AZIA HiE - F5AIS 0 EEE A5 CO; ¥iE A4 20.090tC/ TS}
A= 35.3(M/L)E 58 F 94719 44/128 I3 &4 CE COE
goto] Lt 143)

o 1%
L
i)
[

i
L
10
b
3
[.E

[

N

B oro

2) 24 Zn

F5E o BAE ©a s BoaS vl - B4 B, AAA
02 20204 17.2kgCOy/kgollA 202149 16.9kgCO/kgZ 0.39HF T4
Sl ofF T @9 AL HBaHlEo] 22 SAYA 52 AR
lkg AAE Al B2 0= 21.3kgCO,/kg?] ZA7IAE HiEdh= AR
#AEoH, o' A 19.4kgCOx/kg, W] 13.8kgCO/kg, A=
the] 10.3kgCOy/kg 2% UEIKTE ofF o]9] FFolA= A7t 67.5
keCOy/kg® 7P =kow A9 17.2kgCO,/kg, A& 17.1kgCO,/kg,
TO 2 e,

Setetel qmael FAEF WA A9 20214 71E YA ©a

HiEZRL 19.4kgCO,/kgZ W8<4=(2015)914 T8 24.33kgCO./kg(HIRD),

141) 2020 48.45%/kwh, 20214 45.959/kwh. (5t=2x2)
142) Wi71-7 |2 T 2kt
143) AR HiEH4= 2.6kgCO,/L (EIOH-H|7F T SFAH
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HIr
x
o
e

20204
5 oamsy guy SHES
(TCOy) (Ton) (kHHE(A)

9COx/kg)
AR 7256 384 18.9
x| 92,007.1 | 4,744.5 19.4
H 0 15,433.1 | 1,210.0 12.8
of | Z=0e 9,002.5  720.0 12,5
& 80 2827 335 8.4
JERASE | 16914 2280 7.4
JEtRGEHS) | 4611.00 7770 5.9
7EHR(ZIE) 5178 530.6 10
X2t 109.9 15 73.3
of U=t 9,047.1 5735 15.8
2 He 6,806.9  357.0 19.1
2 AL 5729 406 14.1
2, 712l 19729 168.0 11.7
SIAERD 703.8 75 93.8
L =2EN 748.0 9.8 76.3
ft ME(EX) | 21,7063 4378 496
EIX|(ZA) 6,091.9  185.0 329
JEIIR(ER) | 25282 807 31.3
314 174,559.1 110,143.4 17.2

7 TAE SAQAINTES (MO 51, 2, Jl2jt], ME S S4¢

Ng M| ojzig

Xp2: QA B2 07} 1807HA ChAf ELAHIS HRFALO)

144) 2 S70M= &2

=/HHIE A4S ALZOIAL, &

BIAHEE

(TCOY)

739.7
93,844.6
16,331.0

8,566.9
297.2
1,772.1
4,770.1
590.0
101.2
8,171.5
7,361.9
567.6
1,439.4

741.7

791.3
21,412.9

6,406.1
2,408.9
176,314.4

34.7
4,825.5
1,185.0

830.0
33.5
231.0
756.1
550.6
1.5
475.4
431.0
40.8
268.0
9.4
11.0
475.7
195.0
81.7
10,435.8

ot A2 O M= 2 ABEIE 0 g 1KY BAHIEHS AZotATt

E4(2015)2] MHATOM = =27+ 521 A47
AUS [ hRtO 2 ALBSh= IPCCYl 7|2 HiE A5 OISSIRUCH ESH 284(2015)0f M= HIEA
29| HAHIE A4S AFZSIQOLY, 2 HT0lA= MAIRS F2 A85H= X 01712

Y2 Fa40| SUotE= HE

t
f

= o
B vy
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F2 32.9kgCO,/kgZ HA
Y TR o B U9 HaS uiEshe Ao BAEg [,
]

2] g2 ¥ETF A, 7 AGAto] Al ABAte] Hls) WA o B W]
AT BAS BETHe 202 vebth ol ARl e Exje] By

o}N
o
=~
(@]
—
B
=
X
-
pol,
ok
oo
oY)
(oY)
~
aQ
@)
O
=
—
aQ
B
i)
_|>~1
X o
o
T,
i

o3 (outlien)= ATt =2 w3l FLEE THo= T i
S92 A AFESH Hli’é}‘ﬁ‘:‘r. 2 S92 16.5kgCO/kgE Bt
& 19.4kgCO/kghth H 212 gha UEHIITH W] 3982 13.0kg
COo/kgo 2 Wutgh 13-8kgCOz/kg3’Jr 9] 22 o= YERET

H4-2) BES T9] A B 52

[ — o

T2l: kgCOx/kg

0= 512 25% =97t A| 25%
=N 10.4 16.5 23.2
HH XSO 9.1 13.0 23.0
Z=Ck 9.9 12.6 14.7
N 10.2 14.5 21.2
e 6.2 30.3 48.3
oy | IEFOIR(EH) 8.0 10.7 20.0
°° 2, 712]H| 3.0 6.2 16.4
et AMES 3.3 13.4 14.8
aifat 105 14.4 62.3
7|t 02(212) 3.2 6.6 16.8
20f 8.3 8.9 95
X2t 28.1 35.4 85.1
=N 17.9 37.0 42.8
Rt 7 012 23.7 27.9 64.3
He 32.9 52.1 78.9

T 5 TS QUYL OB IS, B, J12H|, W S SUYLTL IA0| SUSI0R UE
42 0| ofig
X2 : A B2 0} 180714 CHY EHAUKS MREAC| ZNUS EO2 XK 24y
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ot
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Ao g A}
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e
o] =T ,ul“t — ,—.IM_v No i
o5 ,mw. T m_“_ S, % i O 2
I X
thﬂLHJHﬂLhot 3
< - M_ H = @o Gt L2 Ny
_EEIEE T o 2 5 ) .
%MWJQ@%% % b ﬁ
— o NN _z_.e . “ . ©
Wmmﬁ‘OI_o@L(@ﬂAw_ E \AN@ mom
Foiznth GO s % o ¥
m,m w_Ao_m TR A o Mo WO | %, © D
(o) ! — _‘M ~ ;AL - /.mu._ R |_I.|I_,
™ o No 5 o X = 0 = o -
TLEEE Z
17_A| o _N_l . ‘mﬂ < . B o
M Wml_: 00 i N o] T oF % . - = om_.
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[©) ﬁo O—H ~~ =) _ul_ ) M._ n.b
Ll o I 5 i h o o
R or S x° T on ; =
“IeE2eE S
—_— v 0 (o) . % 9
o I ,NA_u o ﬂ _M,*Ao ay % ,%.xz g S
W & = <} N o T 3 5 w..‘
X! 0 L = iy . o 2 ol
El IS Hlo 5 " o
ol x° o K X mAsm 8, T oo
N HT = L.hm. 0 OT Bl
8 § @8 “ or :_z__:u
— o 3 . \,&rux u_.m_ X_.O _v._O
3 2 P ..G/\m..\ Mrm E_HHEOE
f B ar
W ©
X 3
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CHRAEE HA

S 7tD)

Xt&: Jones et al.(2022)
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SERR(AD), AEWEFR), A% A2 G171, B2 Blower) SOl
244 AT 0% eist
oW1 A S

E.u-],u(

Ak g, BE 5 Fol7, AR 55 2
€ ol Slck. F7F Sl AAIL A48o] AT Aol e B
Kol FATANA A 8ol o ek B AL A4 9 A2 BF
o 82 X4 YT 4D Ak BAAGARE LS 47 7
3 9 A

O
o Zﬂiﬂ /\}%%*% Tt = /\léi%ﬂ_i H]Té‘ -3 lg ch

20219 <1 =7F 2A7A v - g5 ﬁ]*i o] &3}a] ExHEZ2P)9
] 4.5~5% 3EAE
olgstng 53 QJEX]J]‘ BRE ol&st= %‘%e &3sto] st
T8 $35E CO, HiE ASE o83t BRE oléste $33=A7t
65km/h& &&3k= A5 7Pdsto] Attt ol= SEAY] 1&E
= 41 £5=7F 90km/h= ARtE o] Q7|% sfal ARk=eoM= A&

‘3”6}71 mizolct. FHE AdE AY AN =7 LAVRA HilE

EHASE o]8sto] 1kwh & 0.47819] kgCO, AsE F-&at3oH
1°E‘ A9 o]&FE 7IECR Sto] o|F HiEH R SIS,

_IZi>~

SanEe = A AA AAGF x AABAIZE X HEAL

A
gaEE HS = 4 AE gaET /[ QA g2amET
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2) YAEE CHA| EtA HIS?

o a7} B NS olgch, AR AL B owm o}

AN Ams} ouiA7} o] ARElc BApe 9% 3o ol
IASE7] Aside Ao wet 2E2d AU Abs S5EA 52 244
F7rEdT AT FAROIM F2 Fishs S8R AY E7
2607 o= FE)190S oz ZARE oA ARAEE
57 eA0) oUAALg A4 AE A8 AKE A B
o HFS AHET

iy

AJAe] an|E HloHE Suste] T WjESE BA A, 4
o} Selte opnizme] MR ARa) stanlzol HA| 50% W32 A
Sk Aow ZAET EE B4 A Al 7Feg et SERm(H el
SEWL(FR)O) A 2u] ¥ZE 28%} 19%0] Holo] & WA 2 g

2 U0 T AGIAA. Theo HATF B2 (blowen), A ALA
719 wlgo] ke

E

o F>

A @G =0t SHAIY A YHYNE HY2Z HEZME 2[5t
HEoIAL.
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H 4-4) SAEY HA EA HiEH
A CHE AHIMZ | BH| O | SIZt ™™ HZHEA HES HIES
(kw) (CH) A& (kwh) (kgCO2) (%)
Y HO 37 3 972,360 464,885 50
SIE™I (X|Z) 220 2 532,224 254,456 28
S|EMI (EX) 150 2 362,880 173,493 19
MAZF blower 2 2 35,040 16,753 2
MY AtA 83H7| 2 2 26,280 12,564 1
A 1,928,784 922,152 100

60 4% 2 BX MM RS 0|83
i 202218 1L 712 SOl ZAS SIsoio] 47 SRS S KRS B8

o 1o

(2 4-3) YAE HAER) HA HEH HIS

He

2
g B

S| prm

= blower

Nz @EE(2022) oI A M2E 2510, XX 2y

OI'

3) YGTHA EtL HIEH

G2 Aol Fe HsiMe A= odATE ol 8. T A
s T HE, SIEHI, A4 37, A Holgd7] 52 ol8Rith

P4 ol B P HlAES nefsle] YARE HBs] o] AR
B3RS St A AME Baskh S45% B B4 2447 U]
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T 4 WA P WIANEF BAL T ol 21018)

W, 4 9 OJ*—VMH @71 A48 vigol 71 2 g OHT_:%
o

o|& v E AY Ao SHFoA LHI I7F SR HaHE
A5(0.4781kgCO/kwh)E Hoto] &4 HiETS S5k H@adl&E
< A ARG BlFE s ‘m—'—oﬂ A AT A9 IRV = g
Bt 7t & w4 e L}E‘r‘;}:l:]- o2 o&WAYY|, AbA
T2 EZH(blower), /\}E B d54, AR A7) &AZ ©@AE

N

(B 4-5) Q44| SANIR| YAIS MAESH| GI7H ELA HISS
S 22 E] A "E.

Ak e i e 1S 0%)

QU HO 3,342,912 1,598,246 69.90
MAZE blower 494,064 236,212 10.30
Q&MY 512,460 245,007 10.70
HsA 328,500 157,055 6.90
NS B 82,198 39,298 1.70
INEERSIS 24,966 11,936 0.80

A 4,785,100 2,287,756 100.00

= O|77Ef 2/(2018)01] ZAHE R4l S4F ER| YAEC XIS 0186 A2 YAE E40 w2t WX}

OIO AO|O
=T M

A= OIﬁlEH 9|(2018) X510 KA &R

147) Ol 21(2018), p. 145.
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R R EI . MZ

s UEE T blower 1 2FEYI| GEH CMERE7] «AEZH

ojn

K= O|7E 2(2018) &H6H0d, XAt 2y
4) ORAEZ HH B4 HiS3

CeAEY B BaulEe 22 95 % 7FgagelA B ¥
L RE ol Py FPoE S5 G $2A% mF U 138
Hoks Sy Fo) SdwEo] was Ak, Skl Se 41
M7t ZASHR Szold AelH 43t ol UXt 4ot 1ol
ol 2Ed|2oh 42 Bust Q) Bdo] At 22 WA ¢

o W o] Fasi

SeetolA 71 YA ol Atk AR AHojehs Aejd 5
B B3] QRS Aol Az SAR o5t 9Be Baw olf
3 ol gick. webd Seluel Yx AL 4R 9 EAT 2L 3y
2 YRR ARA 31 Bol FHE $EE] o] SEIoIAE 2
She B9 HavlZo] BaH oz oo Holth, of7jo] YAle] A4

A2 981 WA A8 ol8shs REo|N Havt 27t wiEHct

K



TheAER D= 3= galEs 7%
H|Zo] 71.02%% 7} =7 Uehdth theog dx
95t W A1) 16.30%, BAIR 59 AAE SXE Q5 W A1) 10.87%,
27 A 1.81%2 LERGT

lo

i

)

[

e
ok
Wi

ot

I Mo
op

web TReAER BACIN BalES BEe] ML 1B o
% =lo] SHEAL Hol £ Hols] §%F 5O 5 2] Y
of Zho] Basht. TR SEAE BUGENY A9 FBAE Az
stof A83HE 297t BobH 183 SRt REne AAEY B
g s A7l ZRsh.

A (“k'V% T (2
S FHl 150 3 1,721.16 16.30
W= HH|(MAIR &) 100 2 1,147.44 10.87
RS S ial 50 20m 191.24 1.81
25 SYEA(g/km) 7,497.07 71.02
A 10,556.91 100.00

: HZXI 470 YA EN KR BE(DRE HD)
Ri2: 202213 OfLIR| M2 191 (R0l ZAIE 1215101 A SNUAE T4 NS 22

(d3 4-5) dit & TA B4 HEH HIF

E|-0| %

RIZ: @RIE(2022) 35 AL NI2S AT510, KA} K,
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77} 31, oj7}o] HHE L7}

Atgo] thEAolt}, oA A7 &

X
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718l
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24 glout, Al gt 5

=
=

T
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o wha

24

84

2to

Z

EE AL Qo= &
o] it}

=39

7}

et 24

PPl 2

1271

PSR
=

7] HZoltt.

ek

A4 g3t Al

o, &9l 4

1
T

ok PAFOE 1

=

=

o]

3t

R AAte] 719

Q
S|

o] 4] of7}e] i

b1 915k oy

= lke2 BAls

Aol A

&

s, 4
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B AFo|AE o]FXEH(Difference-in-Difference, DID)& ©o|-&



Sto] oA HaARie] gaxd avs 343t oA
g Ao] A-gE= AX|(Treatmen)FHH 2-GHA] = 2T vl
sto] A At ZA5E HPHE0®  Card & Krueger(1993)0]41=
olFAHEHZ ol&3to] HAUGAE 18l vAlE AvE AL HE 3
Th1489) FAO] aib= =1 AFHNA AR2ES dix 179 Al°]
t=00149] = I1F2| 2folE AREolo] oAt

o 3o

(B 4-7)DID ¥ {IstH0|Hf £

T2 2| ™ (pre-treatment) X2|Z(post-treatment)
EIWES y," v’
EH—JF—j-% K]C YvIC

A2 9P 2EH(2019)

Ao as o+ A7 GNaverage treatment effect: ATE)ZHaL
oo, A ad= tha3t o] Yerjolzith

ATEDID <Yl Y9 — (¥ =Y
(Y= ¥~ <Y1 Yoc)

o2 HYIARFOR vhehiel chadt 2 BHAOE Lekd 2 gt

y,=a+pt+yT,+0tx T,)+e

7

o71A t= A AT 717 Hudgolt), &, A& AF o] Hold =0
olal, g AlgY o]FolH =10l Tyi= AFIF Huldpolt. A=
IOl 7;=10]1, tiFFold 7, =09 g2 A=t del=2es 7
W0l wap gro] EetE), o) WAl g9 metulE ¢7) PR 9] &pat
FI2 ASH

¢

148) David Carde= UCHZ2|0] W2, O|FAH2HS 0185 0| (71L& 20213 AN E o4
oLt
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£ ATE {5 20204 HEHHA BFAIYES Ak o]zt v|F|
9 o]7}o| 1'410]1 ABZAE AAsIT) 20204 fﬂi Follu A HFAFE S

A g2 F 19470 of7told, o] T A&o| FEst o7k 607
125 95l 12070 HIA of7tol gt AEE Zggote], & Aol ALE
= lofE= A9 ©17F 607K, HIA[Y °17}F 120712 & 18070 °7H& it
o 59t

)

II.

(B4-8) B2 O/t E5E 2X

ool 0f7) 4

7= H| X[ X A
2eCt2 4 2 6
=(EA 1 1 2
=, 7t2|H] 5 2 7
J|EAMESE 5 5
7|EJOIR(TIB) 5 5
7 [EFIR(EA}) 5 5
7 [EFO{ R (3H=) 8 3 11
= 37 14 51
EEN(EONY) 2 1 3
HH X404 10 10
M2 22 4 26
&0 2 2
A1 4 4
X2t 3 3
M= 2 8 10
HE(EA 2 23 25
olfat 3 3
CIES(EN)) 2 2

A 120 60 180

RtE: Q5| 22 07} 180714 CA ELAHIS M2XAIS] ZLE E02 KXt &H
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(H 4-9) ZAt CHY 01719

=0

(RAS)°] 6O7IZ &+ WAZ W=7t E3koh
ElE)

ol © o
~wwlw ZiH o2 8ot m2 4 m

Nt NNNEC — o o o~ < | e
N
<
sWERE o =
= o 1o K — ™3
TYFEE R 0D ES T AW
_/‘M_hmmm.uuﬂwm.AA._oM.__A._.Al._u.__‘__o
MY @ oo |10 bl
NNINN

A17 [0 O 2OfRIC}

SA

25

510/

79
E

OHoH SHAE71, A0

HE

69
791 202093 A F91 20214 Ato]
EES

N

=
=

&

M

3 A]

o)

ot

4
0171 180714 CHet EtAHIE AEXAIS] ANE EUE XA 2R

of7te] o

Fo
T

d
=

=

A

HFARdl o

)

=
o
A

S

traf

0|

|

2020 tE] 2021902, 202049 A9 thato g

HEE A
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(B 4-10) A i 01712 7| RS
) 20204 20214
= ¥ AA  HK B3I AA A
A W= 52,899 1000 | 400,000 & 56,196 | 1000 | 400,000
(kg) HIXI 58,078 70 500,000 | 59,200 65 500,000

MBI 92,486 0 650,000 94548 0 | 650,000

(kg) | HIXI® | 106,297 O 1,260,000 106,953 0  126,0000
M2H | XY 89.4 0 300 84.6 0 300
(HH2H ) | HIXIR 69.6 0 720 67.8 0 600
eaH | XY 36.8 8 100 36.3 8 100
(HH2F Q) HIX 22.8 1 100 22.8 1 100

Am: UM Z2E 07} 18074 Oy EIAHIE HRZALL] ZE EIHZ KA Ay

ojFAHEH o= AAHG FAFETC] LI 7=7E M MY
By Al 7F4(Parallel Trend Assumption)©] H-IHEc},
G A% 27| 7MHEA] got tiRE9] o7t A4 21
S5, A9 FHAS Aol 1=A AP HolA B A 7}
A 2L WEIHL QA
] BokEs B X9 of7 HIX|Y o7} HE & ¥Eo] §l= o7t
7t 7P 2SS AR A9 01719 B9 L8 E ofuA] dH| EQlo
= AgH|9] & HAAE oY, A gy ArbdgEzE A Ao
= wlu|stA "ot S=ERL o7t 4470= F 6070
o7} 5 °F 75%°1 3. o= SIEHI, AHE XY= oy §&0]
SolUHA oA H]go] A5, o] tisf o7l e HE AN
] 24 5 A T B S

owo&a
Y 222 GAFRA, ALE 8-S A
Mo shiz oj7to] YAALE B FelH9l 4

2 % otk T3 71 gelo’ F2EE AL 20214 o
o olgt T4L EAH WASIA, of7h50] o] Aol 7155

N
s e
NI

li



U SIEHI ¥ V)5S 7HsSIlal o’ olFd o] Ay

F7F AHE 89107 A3t Zlo= Kotk

(& 4-11) 20204 CHH| 2021 S17PAH| H3HE2
SRl 2t A
H=H| HakE HIX|H x| |
-100 Ofst 1 1
-100 -90 1 1
-80—--70 1 1
—-60--50 1 1 2
-30--20 2 4 6
-20—-10 2 3 5
-10-0 5 3 8
0-10 104 41 145
10-20 3 5 8
20-30 2 1 3
A 120 60 180
Az LA S=E 071 1807A Ty HAHE SEXAIC| ZUE E0Z XX} 2y
(I 4-6) 20201 THH| 202151 AZFHIH| Hske 21
TPl e A
120 _—
100
BO
&0
40 . Saie
S =
- 1 1 11 24 z3 3 % EE
fp— e e e me B as ol
R e

Riz: Al E2 071 180714 Y EHALIE SERAC] IS B2 KA} A4
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4,

M Zit

I

2 o= A4 A2dolA 753t o7 gA viETF HloJEE ol&
St gha viEsa A S WskE vlaotd, 20209 BA AlY
o7}9] Ht B4 #iETFS 20.1keCO/kg2 HIAY ©1719] 15. 9k8COz/kg
Ho} =2 $o|qinh Agdt /57 5 YA &H7F B2 of7tofAf 2
BoUA EFAIIOR SIEFHR 53 X[ 4 St}

A o] BisHs B, A9 o]7ke] ﬂg% ek Bi&SL 18.8kgCOy/ke
2 6.1% 4oL, HA Y o7k= 15.9kgCO/kgolA 16.0kgCO,/kg=
0.4% S7Fstact. A1 o7kt Eu—g 74] AMgoHE A B84 AAbd
o7 AgelPeS & + AUt 53], A o7k ABAlgo] 6.2% 57t
SR, HIA Y of7H= 1.4% St 23 Aoz BEAEQich

S

1o o
==

e]

%
12

(B 4-12) Tt EtA HIEZF $H5} H| 0
o= HI X[ X
Z COHEZHECO,) 110,831.7 63,727.4
20204 MARH(E) 6,969.4 3,173.9
ChOIAIASS % H(kgCO,/kg) 15.9 20.1
Z COHIEZHECO,) 112,774.3 63,540.0
20214 EF(E) 7,064.0 3,371.8
THRAAE "Er(kgCOz/kg) 16.0 18.8
Z COMHEY HaH2(%) 1.8% -0.3%
A HEHE(%) 1.4% 6.2%
HAMMS HIEE HEH2(%) 0.4% -6.1%
RE : YA Z2 017} 180714 T ELABIE M2RAO| ZNIE 24510 KA Y

O]FAEHE o8l HEAFNUA EFAIY A anE AScIY=
tl, 157K Fixed effect) W@ 3AE &3l AFE 74531t 150

150) X&) A28t | A(2)Q] FH2 SUSH 20| Hg{0] EEECH(RIQA - 2LM.2019)
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3Y,,=a+BTreat;; +yt+u; e,

A A o] 248 st A WAL 4y,

<

i

> 5 2
~. \]

~ —_

G we] A b RSO E T, APESE FAAY A Trear,
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& of 4876 = 5290 5106 5775 = 4819

£ of 13 549 568 577 590
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D|F24X] 938 215 345 478 625
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52,500m 3} B A9olEt A el 9 A0E v

(B 5-2) SELAE M2 L M- ALZF(A)
UAIZS HEY Fd] LAE T SH0{HA] QALY
20| AROM 4B LS | S0 BIEE AIS+E Fatotd
OFAl HftH HAMOZ EMAF AAE ZT | MAS FUSIH TA| 222
e e ol LE=ES M7= LY FYUAF MAIE o= B
(25311/%) (Yak2 13.2%)
s HA 3,920m’ 3,920m
X HY 2,100m* 1,600m?
o 52,500m’ 264’
HEZx 42| =0l == +7m 32~ +7m
FYUHO Qg 20m 20m
QUAE Hapah| MY 240|124
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AAE BT 2,321 KWh
Ed 3y 46 KWh
Foam Fractionator 930 KWh
Air Blower 888 KWh
HOlSE/ |, M| 5 99 KWh 99 KWh
B 5,709 KWh 5,145 KWh
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166) ASC 5.2.1. Evidence of energy use monitoring relative to production and ongoing effort
to improve efficiency.

167) ASC 5.2.2. Maintenance records for farm equipment (e.g.,boats and generators) are up
to data and available)

168) ASC O|UHIHF Hz - H{H 1.1, p. 31.

169) SHFLAELR HEM sEUE ‘ﬂ%ﬂl t (M 2022.10.8)
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