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From Farm to Retail: A Life Cycle Assessment of Meat Consumption in South Korea

Introduction

Meat consumption has become an inseparable part of the Korean diet, accounting for a significant
portion of the daily caloric intake. However, the information available to consumers at the point of
purchase is limited to price and origin. This creates an information asymmetry regarding carbon
intensity of the meat products. Although the livestock industry accounts for approximately 26% of
global agri-food greenhouse gas (GHG) emissions (FAO, 2023), the lack of transparency obscures

environmental consequences of individual dietary choices.

This study seeks to address this information gap by providing intuitive, consumer-oriented carbon
emissions for meat products. While conventional emission measurements focused primarily on the
farming stage, this research calculates the carbon footprint per kilogram of the final meat product to

quantify the climate implications of consumer dietary choices.

To ensure the methodological rigor, this study applies a Life Cycle Assessment (LCA) framework with a
‘Cradle-to-Retail' system boundary, encompassing farming, slaughtering, processing, and distribution.
This provides a systematic analysis across the entire process, from meat production to its arrival at the
final consumer. The analysis covers both domestically produced livestock products and imported beef
from major exporting countries—United States, Australia, and New Zealand—to quantify the specific

emissions profiles of imported meat consumption.

The findings reveal a significant disparity across meat types: the carbon footprint of beef is
overwhelmingly higher than that of pork or chicken. 1 kg of beef generates approximately 58.15 kg
CO,-eq, which is approximately 4.4 times higher than pork and 10.8 times higher than chicken.

Furthermore, this study confirms that South Korea's annual per capita meat consumption is among the
highest in its East Asian neighbors. It is particularly noteworthy that, among South Korea, China, and
Japan, South Korea has the most active beef consumption. As of 2024, imported beef accounts for
approximately 60% domestic supply, with annual imports exceeding 420,000 tons. The resulting GHG
emissions are estimated to reach approximately 12.5 Mt CO,-eq per year. The findings suggest that

Korea's beef-heavy consumption patterns represent a significant source of national-scale emissions.

It should be noted, however, the Life Cycle Inventory (LCI) database for calculating livestock GHG
emissions in Korea remains limited. Standardized national LCI data—such as environmental data

based on the feed origin or energy efficiency during domestic processing—remain largely insufficient.
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To address these limitations, this study utilized data from international literature and adopted a
conservative assumptions to avoid overestimation. Therefore, the emission figures presented in
the study should be interpreted as ‘minimum estimates’ representing the lower bound of actual

environmental burden.
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.  The Gap in Carbon Transparency within Meat Consumption

11. The Livestock Sector and Climate Change

According to the Food and Agriculture Organization of the United Nations (FAO), global greenhouse
gas (GHG) emissions from agri-food systems reached approximately 16.5 billion tons CO,-eq as of

2023, with the livestock sector alone accounting for 26%, or 4.3 billion tons CO,-eq (FAO, 2023) of
that total.

In 2023, total GHG emissions from South Korea's agricultural sector reached 22.54 Mt CO,-eq
(Greenhouse Gas Inventory & Research Center of Korea (GGIRCK), 2025). Within the agricultural
sector, livestock emissions account for 43%, (12.72 Mt CO»-eq), with over half attributed to enteric
fermentation in cattle. Ruminants, like cattle, possess a unique digestive system with four stomachs,
that produce methane (CH,) during the rumination process. Methane is a potent greenhouse gas
with a Global Warming Potential (GWP) more than 28 times higher than that of CO, (GGIRCK,

2025). Therefore, the rearing of ruminants entails the release of highly intensive GHGs, making beef

consumption more carbon-intensive than other types of meat products.

1.2. Blind Spots in Consumer-Centric Data

Current GHG statistics in South Korea are predominately limited to ‘Cradle-to-Gate’, focusing only on
direct emissions from farms. This narrow scope fails to capture the actual carbon emissions of the
meat products consumers encounter at the retail level. Actual emissions should be a comprehensive
figure that includes GHG emissions from the entire ‘Post-Gate' process, including farming, slaughtering,

processing, and logistics.

However, because post-gate emissions are currently distributed across various sectors such as
industry, transportation, and energy, it is nearly impossible to identify the carbon footprint of an
individual meat product. This fragmented reporting structure creates an information asymmetry, acting
as a barrier for consumers trying to understand their environmental impact of the final purchases.

In particular, given that South Korea relies on imports for about 60% of its beef consumption, it is
imperative to quantify emissions across the global supply chain, from overseas production sites to

domestic point of sale.



From Farm to Retail: A Life Cycle Assessment of Meat Consumption in South Korea

To address these shortcomings, this study utilizes Life Cycle Assessment (LCA) methodology, an
international standard for quantifying the environmental impacts of a product throughout its entire life
cycle—from raw material extraction to disposal. By establishing a ‘Cradle-to-Retail’ system boundary,
this report eliminates the blind spots inherent in existing emission data that focuses primarily on the
farming stage. Moreover, this study expands its scope by including supply chain carbon emissions
from major beef-exporting countries with significant market shares in Korea, such as the United States,

Australia, and New Zealand.

The emission data derived through this LCA study serves as more than just a quantitative figure; it is
a tool to visualize climate responsibility for consumers when making dietary choices. Ultimately, the
objective of this study is to reveal the ‘invisible carbon’ of meat products and enable consumers to

make sustainable decisions based on environmental impact alongside price and quality.
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Il. Carbon Footprint Analysis by Meat Product

21. Methodology

As outlined in Chapter 1, this study utilizes the Life Cycle Assessment (LCA) methodology to examine
the cumulative GHG emissions across the domestic meat supply chain. The scope of the analysis
follows the ‘Cradle-to-Retail’ system boundary (see Diagram 2-1), spanning from the initial farming to
the final retail distribution. Detailed methods, including specific calculation formulas and the use of LCI

databases, are provided in the Appendix.

[Diagram 2-1] Estimation Scope of GHG Emissions from Domestic Meat Consumption:

From Farm Production to Distribution (Cradle-to-Retail)

Input
(Primary & Secondary Materials)

Farming Livestock 'l Input
(Beef, Pork, Chicken) (Feed, Energy, Water)

Output

(Manure, Enteric Fermentation)

Y

Transport

Input

A4
: . Feed, Energy, Water, Packaging Materials, Refrigerants;
Slaughtering Meat Processing n — ad aing gerants)
i Beef, Pork, Chicken
& Processing (Beef, § ) Output

(Waste, Wastewater, Edible & Inedible by-products)

Transport

\/
Wholesale Center
<+ Input

(Feed, Energy, Water, Packaging Materials, Refrigerants)

A
Distribution Transport
- Output
. < ’
Transport Retail Stores (Packaging waste, Meat waste)
Arrival at
Port of Busan
; <— Activity Data
Import International Transport o
<«— Emission Factor

Imported Beef
(US, AU, N2)

Source : Complied National Institute of Animal Science (2015)
Development of Carbon-Reduction Livestock Distribution Technology in Response to Global Warming
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To provide consumers with intuitive and comparable indicators, the functional unit is defined as ‘carbon

footprint per kilogram of meat (kg CO.-eq/kg)’.

Calculating emissions for livestock is inherently complex due to the ‘multiple-output’ nature of the
production process, in which meat is produced alongside various by-products such as organs and
leather, and compost. When multiple types of outputs are produced from a single process, the problem
of allocation arises, as the final results vary depending on the criteria used to divide the total GHG

emissions among products.

Inputs used during livestock rearing, such as feed and energy, contribute to the growth of the animal
as a whole rather than specific meat cuts. In light of this, this study distributed total emissions from
resource use proportionally based on the total weight of meat produced. Given the limitations in
domestic data infrastructure, it remains difficult to disaggregate the environmental load by individual
cut. Consequently, a mass-based allocation method was adopted as an alternative, ensuring
methodological consistency under existing data constraints. Therefore, the results presented in this
study represent the average climate impact per kilogarm of meat, regardless of the specific cut,

such as sirloin or tenderloin.

2.2. Comparative Analysis of Emissions by Meat Type

The analysis revealed a very distinct gap in carbon emissions across livestock categories, with beef

recording overwhelmingly high figures than pork and chicken.
A. Beef: High Carbon Intensity

Based on the average rearing period for Hanwoo (approximately 30 months), the emissions per

kilogram of beef were quantified at 58.15 kg CO,-eq.
CFpeeilkg COz€q/kg) = Efrm(57.52) + Erocessing(0.56) + Egictripution(0.08) = 58.15

Hanwoo, a native Korean cattle breed, has a longer rearing cycle compared to other livestock and
requires an substantially higher amount of cumulative feed inputs. In particular, CH, emissions from
enteric fermentation, account for the majority of total emissions, reflecting the inherent characteristics of

ruminant livestock.
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B. Pork: Moderate Emission Profile

With an average rearing period of 180 days, GHG emissions per kilogram of pork were calculated at
13.36 kg CO,-eq.

CFronkg COz-eq/kg) = Ef,n(12.72) + Eprocessing(0.56) + Eistribution(0.08) = 13.36

While the rearing period for pigs is shorter than that of Hanwoo, GHGs generated during the manure

management processes were identified as the primary contributors to carbon emissions.
C. Chicken: Lowest Environmental Load

With an average rearing period of approximately 32 days, GHG emissions per kilogram of chicken were
calculated at about 5.36 kg CO,-eq.

CFChicken(kg COZ_eq/kg) = Efarm(4-66) + Eprocessing(0-66) + Edisﬁibution(0-04) =5.36
The species is characterized by superior Feed Conversion Ratio (FCR) and rapid growth cycle, requiring
the least resource input per kilogram of meat produced.
2.3. Key Findings and Implications
A. Tenfold Disparity in Emissions
The results indicated that per kilogram of meat, beef emits approximately 4.4 times more GHGs
than pork and about 10.8 times more than chicken. Notably, the production stage—farming—was
found to account for 85% to 99% of total emissions across all three categories. This suggests that to

reduce GHG emissions in the livestock sector, strategies at the production site—improving FCR and

adopting low-carbon feed—are key levers to mitigate emissions.

10
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[Table 2-1] GHG Emissions and Contributions by Stage for Major Domestic Livestock Products

(Unit: kg CO,-eq/kg)

Category

Production
(Live weight at the farm)

Slaughtering

Distribution
(Processing Plant >
Retail Store)

57.52 0.56 0.08 58.15
Beef
(98.9%) (1.0%) (0.1%) (100%)
12.72 0.56 0.08 13.36
Pork
(95.2%) (4.2%) (0.6%) (100%)
4.66 0.66 0.04 5.36
Chicken
(86.9%) (12.3%) (0.7%) (100%)

Source: Compiled by the author based on the analysis results of this study

Note: Calculated based on the Life Cycle Inventory (LCI) data and Life Cycle Impact Assessment (LCIA) methodology
for each meat type as described in the Appendix

B. Discrepancy Between Analysis and Actual Emissions

The analysis results presented in Table 2-1 should be viewed as minimum estimates. Several emission
factors were excluded due to data acquisition challenges, suggesting that the actual GHG emissions
generated across the supply chain are likely to be higher. The primary causes of these discrepancies

are as follows:

1) Information Asymmetry across Supply Chain

South Korea's livestock GHG management system is heavily concentrated on ‘Farm-Gate' stage,
leaving the 'Post-Farm’ stages—slaughtering, processing, and distribution—in a data blind spot. Not
only is there a lack of relevant public data, but existing literature lacks consistent methodologies,
creating a fragmented data landscape. This fragmentation of supply chain data results in an
underestimation of actual carbon emissions at the point of final consumption, thereby widening

information gap between producers and consumers.

2) Major GHG Emission Factors Excluded from the Analysis Scope

Due to limitations in data availability, the several emission factors were excluded from this study.

Accordingly, the resulting emission values are should be interpreted as a conservative baseline that

excludes unquantified hidden emissions.

1
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Feed Supply Chain: While Hanwoo farms are highly dependent on imported grain feed such as
corn and soybean, the GHG emissions associated with overseas cultivation, processing, and long-
distance maritime transport were not included.

Logistics and Energy: Emissions from the transportation of live animals, refrigerant leakages
throughout the distribution process, and granular energy consumption in storage facilities were
excluded.

Natural Emission Sources: Specific indirect factors, such as nitrous oxide (N,O) emissions from

soil due to manure application in pastures, were omitted due to lack of local LCl data.

Despite these structural constraints, this study provides significant value in integrating
fragmented domestic meat supply chain data to quantify emissions within a ‘consumer-centric
system boundary.' The findings establish a rigorous, albeit conservative, reference point for gauging

the environmental responsibility inherent in the dietary choices of consumers in South Korea.

12
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lll. Overview of Current Meat Consumption

The LCA conducted in Chapter 2 quantitatively identified beef as the primary driver of GHG emissions
within the meat products, as it emits an overwhelming amount of GHGs compared to other types of
meat. This chapter examines the consumption patterns within the South Korean society to assess the

scale of impact caused by these high-carbon sources of meat.

3.1 Comparative Analysis of Meat Consumption: Korea, China, and Japan

A. South Korea: Upward Trend in Beef and Pork Consumption

The total annual meat consumption per capita in South Korea has shown a clear upward trend over
the past decade, rising from 45 kg in 2014 to 61 kg in 2024, an increase of 36%. While pork remains
the primary meat source (see Figure 3-1), beef consumption has shown significant growth. Per capita
beef consumption increased from 10.8 kg in 2014 to 15 kg over the same period, representing a 40%

increase in demand.

[Figure 3-1] Annual Per Capita Meat Consumption in South Korea (Unit: kg)

59.8 60.6 61.4

538 54.6 45.4

14.8 14.9

128 134 138(1 o 133 1420 16 48] 1130 1491 139 146[ |139 148 149 15711148 1551150

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Il Chicken Pork I Beef =@~ Total Consumption

Source: Reconstructed by the author based on data from the Korea Rural Economic Institute (KREI)
and the Korea Meat Trade Association (KMTA)
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Japan: Preference for Pork and Chicken

According to data released by the Ministry of Agriculture, Forestry and Fisheries (MAFF) of Japan, total

annual meat consumption per capita rose steadily from 29.9 kg in 2014 to 34 kg in 2024. Unlike Korea,

Japan’s consumption is heavily weighted toward pork and chicken (see Figure 3-2). Meanwhile, annual

per capita beef consumption has remained relatively stagnant at around 7 kg between 2014 and 2024.

[Figure 3-2] Annual Per Capita Meat Consumption in Japan (Unit: kg)

29.9 306 314 - -

12.2 126 13.0 13.4 134 13.9 13.9 14.4 146 14.4 14.9

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Il Chicken Pork W Beef =@~ Total Consumption

Source: Reconstructed by the author based on data from Ministry of Agriculture, Forestry, and Fisheries (MAFF) (Japan)

China: Dominance of Pork Consumption

Data from the National Bureau of Statistics (NBS) of China shows that annual meat consumption per

capita skyrocketed from 29.5 kg in 2014 to 44.5 kg in 2024, recording a high growth rate of 50%. Similar

to Korea and Japan, pork accounts for the majority of total consumption, and poultry consumption is also

showing steady growth. Notably, while beef consumption remains significantly lower than that of Korea

and Japan, it has shown an increasing trend, a 2.6-fold increase from 1.5 kg in 2014 to 3.9 kg in 2024.

This suggests a gradual but clear shift in consumer preference toward beef.

[Figure 3-3] Annual Per Capita Meat Consumption in China (Unit: kg)

460 445
40.0 41

338 333 33,
295 301 305 309 3.2

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

M Poultry Pork M Beef =-@- Total Consumption

Note: Poultry includes species such as chicken, duck, and goose

Source: Reconstructed by the author based on NBS
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3.2. South Korea: Regional Leader in Beef Consumption

A cross-sectional analysis of three East Asian countries in 2024 of Korea highlights distinctive

characteristic in the South Korean diet. As illustrated in Figure 3-4, South Korea's annual per capital

beef consumption (15 kg) is significantly higher than its neighbors—approximately 2.5 times
higher than Japan (5.9 kg) and 3.8 times higher than China (3.9 kg).

[Figure 3-4] Comparative Analysis of Per Capita Meat Consumption: Korea, China, and Japan (2024) (Unit: kg)

3.3.

A.

35
30
25
20
15.0 15.0 14.9

15 125

10
5.9
5 L
. ]
South Korea Japan China
M Chicken Pork W Beef

Note: China's 'chicken' category represents total poultry (e.g., chicken, duck, and goose)
Source: Reconstructed by author based on 2024 data from NBS, MAFF (Japan), and KMTA

Domestic Meat Supply and Demand Structure

Intensifying Import Dependency

According to the Korea Meat Trade Association (KMTA), self-sufficiency rates vary sharply by livestock

category. While domestic production of chicken and pork remains relatively stable, beef shows an

intensifying dependency on imports (see Figure 3-5). Because domestic production failed to keep

pace with the rapid growth in demand over the past decade, the beef self-sufficiency rate has

plummeted 42% as of 2024. This has resulted in a structure where 60% of all beef consumed in

Korea is imported.

15
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[Figure 3-5] Comparative Analysis of Meat Self-Sufficiency Rates by Type in South Korea (Unit: %)

o0 (o 1o o0
84
81 82 81 83

~e——— s se >/ >/ >/ S——
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
=@~ Chicken Pork =-@- Beef

Source: Reconstructed by the author based on data from KMTA

Deepening Import Dependency: The U.S.-Australia Duopoly in Korea

South Korea has emerged as the leading beef consumer among East Asian nations, including Chian and
Japan. However, as domestic production has failed to keep pace with this accelerating demand, the

self-sufficiency rate for beef has fallen to the lowest among major livestock categories. Consequently,

a structure heavily reliant on imported beef has been established to satisfy domestic demand.

This persistent imbalance between domestic supply and demand has driven import volumes to

record highs. Since 2015, the scale of import volumes has steadily increased, recently exceeding

460,000 tons per year (see Figure 3-6). While the market was historically dominated by U.S. beef, the
landscape is undergoing a significant supply chain reorganization due to the rapid market penetration

of Australian products. As of 2025, the U.S. and Australia each account for approximately 47% of the

market, effectively establishing a duopoly between these two exporters.

[Figure 3-6] Beef Import and Market Share by Country in Korea (Unit: %)

4767531
100 445723t
415,685t 419,469t
90 a61531t /./.\“./.
80 ' 452,813t 453,922t 4675585t

20 297265t 426,626t
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344,271t
50

40
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

W us. AU Nz Other  =@= Total Import Volume(t)

Source: Reconstructed by the author based on data from KMTA
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IV. Analysis of GHG Emissions from Imported Beef by Origin

41. Analysis Overview

Chapter 3 identified that imported beef accounts for 60% of South Korea's total consumption. Thus, an
LCA limited to domestic production provides an incomplete picture of the total GHG emissions driven

by domestic meat consumption.

To address this, this chapter conducts an LCA for the three major exporters—the United States,
Australia, and New Zealand—which collectively hold over 90% of the Korean import market. This
analysis utilizes existing international literature, and the system boundary follows a ‘Cradle-to-Retail'
framework (see Diagram 4-1), encompassing the rearing, international maritime logistics (e.g. Export
Port - Busan Port) and domestic distribution. The calculation metric is set as the carbon footprint per
kilogram of meat at the retail level. Detailed LCI data and the step-by-step methodologies used in the

analysis are documented in the Appendix.

[Diagram 4-1] System Boundary for Imported Beef: Cradle-to-Retail GHG Emission Accounting Scope

Feed Production

(Energy, Water, Land use)
Direct Energy Consumption
Farming for Farm Operations > Livestock : Feed Mixing and Supply
(Milking, Cooling, Ventilation, (Cattle) (Energy, Fertilizers, Transportation)
and Heating) U
i ~ Output
H (Manure, Enteric Fermentation)
'
Transport
i
'
| Input
\ (Feed, Energy, Water, Packaging
a Materials, Refrigerants;
Slaughtering Meat Processing > gerants)
& Processing (Cattle)
' Output

(Waste, Wastewater, Edible
& Inedible By-products)

i
:
Transport
i

'
'
Export Warehouse | _ !
US.:Nebraska | V InpUt . X
v (Feed, Engery, Water, Packing Materials,
Distributi «— Refrigerants)
istribution Export Warehouse Store Warehouse,
® AU : Queensland —> Retail Stores —»
Output
_ | Export Warehouse | _ (Packaging Waste, Meat Waste)
NZ: Canterbury
Export Port .
U.S. : San Francisco O All three countries
P O U.S.+NZ
Distribution Export Port Departure
h from Port of Busan: O us
@ AU : Brisbane e
Imported Beef [ AU
Export Port O Nz
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Source : Complied from Asem-Hiablieet al., 2018; Wiedemann et al., 2015,; Mazzettoet al., 2023
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4.2. Comparative Carbon Footprint Results of Imported Beef by Country

The findings reveal that GHG emissions for imported beef are the highest for the United States,
followed by Australia and New Zealand. These disparities are primarily driven by nation-specific rearing

methodologies and feeding systems.
A. U.S. Beef: High Carbon Intensity

The U.S. utilizes a system that enables shipment within a short rearing period of approximately 16
months. This system consists of initial pasture grazing, followed by hay and by-product feeding, and
intensive grain feeding in the finishing stage. Based on data from Nebraska-based production cycles,

the total lifecycle emissions per kilogram of beef were quantified at 32.05 kg CO,-eq.
CFUSBeef(kg COZ_eq/kg) = Efarm(30'67) + Eprocessing(o'sg) + Edistribution(0'79) =32.05
B. Australian Beef: Moderate Emissions

Australian production typically involves initial pasture grazing followed by varying durations of grain
fattening: categorized as mid-term (approximately 115 days) or long-term (approximately 330

days). Based on this production system, the GHG emissions across the supply chain—from farms in
Queensland, a major beef-exporting, through the Port of Brisbane and the to Busan—were estimated

at 26.82 kg CO,-eq per kilogram of beef.

CFAUBeef(kg COZ'eq/kg): Efarm(25'49) + Eprocessimg(0'98) + Edistribution(o'ss) =26.82
C. New Zealand Beef: Low-Carbon Emissions
New Zealand employs a mixed cattle-sheep farming system that relies on pasture grazing for over
95% of its feed. While the rearing period of 28.5 month is longer than those of the U.S. and Australia,
the minimal use of processed concentrates effectively lowers the production-stage emissions. The
total GHG emissions across the supply chain from Canterbury to South Korea were found to be 20.51

kg CO,-eq for kilogram of beef.

CFNZBeef(kg COZ'eq/kg): Efarm(19'71) + Eprocessimg(o'sz) + Edistribution(o' 28) =20.51

18
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D. Production-Dominant Emission Structure

The analysis of life cycle emissions for imported beef revealed that, across all countries, the farm-level
stage accounts for over 95% of total emissions. In contrast, the contributions from the slaughtering,
processing, and international transportation stages were found to be relatively negligible. This result is
very similar to the emission structure observed in domestic meat (see Table 2-1), suggesting that the
most effective strategy for reducing GHG emissions in the livestock sector lies in farm-level livestock

management.

[Table 4-1] GHG Emissions of Imported Beef by Country of Origin and Contribution by Supply Chain Stage

(Domestic Distribution Basis) (Unit: kg CO.-eq/kg)

. Distribution
. Slaughtering
Category Production o e (Export Plant >
Korea Retail Store)
30.67 0.59 0.79 32.05
us
(95.7%) (1.8%) (2.5%) (100%)
25.49 0.98 0.35 26.82
AU
(95.0%) (3.7%) (1.3%) (100%)
19.71 0.52 0.28 20.51
NZ
(96.1%) (2.5%) (1.4%) (100%)

Note: Calculated based on the LCI data and LCIA for each livestock type as described in the Appendix
Source: Compiled by the author based on the analysis results of this study

[Table 4-2] Key Features of Literature Used for Estimating GHG Emissions of Imported Beef

Category

References Asem-Hiablie et al., 2018 Wiedemann et al., 2015 Mazzetto et al., 2023
Scope Cradle-to-Grave Cradle-to-Warehouse Cradle-to-Grave
Allocation Step-wise Hybrid Allocation: Step-wise Hybrid Allocation:  Step-wise Hybrid Allocation:
Methods Biophysical and Economic Biophysical and Economic Biophysical and Economic

Rearing Methods/

Feed

Feeding System:
Pasture Grazing -
Growing Phase
(Hay & By-products) -
Finishing Phase (Grain-fed)

Pasture-based Rearing with
Grain-finishing

Mixed Grazing
(Cattle & Sheep)
on Pasture-based Systems
(Over 95% Forage-fed)

19
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Category
Mid-term grain-finishing:
. . ~115 days
Rearing Period 16 months o 28.5 months
Long-term grain-finishing:
~330 days
Export Region Nebraska (NE) Queensland (QLD) Canterbury (CAN)
Export Port San Francisco Brisbane Tauranga

Source: Compiled by the author based on the analysis results of this study

4.3. GHG Emissions from Imported Beef Consumption

Since approximately 60% of domestic beef consumption depends on imports, the GHG emissions
resulting from imported meat cannot be overlooked. This section calculates the total annual GHG
emissions from imported beef consumption by combining the carbon footprint estimates for each

country with the 2024 domestic import statistics.
The analysis results in Table 4-3 reveal that the estimated total GHG emissions from consuming
imported beef in South Korea in 2024 reached 12.52 Mt CO:-eq. The figure represents a holistic

carbon footprint previously obscured from the domestic consumer'’s perspective.

[Table 4-3] GHG Emission Contributions by Major Beef Importing Nations in 2024

Carbon Footprint Annual Import Total GHG Emissions ..
‘ X ‘ ‘ Emission Share
Country of Origin per Unit (A) 3 Volume (B) i (AxB)
. (kgCOreqlkg) (t) | (Mt CO,-eq) (%)
u.s. 32.05 215,161 6.89 55%
AU 26.82 199,223 5.34 43%
Nz 20.51 14,034 0.288 2%
Total 428,418 12.52 100%

Note: Calculated based on Figure 3-6 in Chapter 3 and Table 4-1

Source: Compiled by the author based on the analysis results of this study

While monitoring emissions from domestic farms is relatively accessible, quantifying the footprint
of beef produced across international borders remains a complex challenge. Importing more than
420,000 tons of beef annually implies that, as a major consuming nation, South Korea must also

acknowledge the indirect responsibility for emissions generated during both the production and
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long-distance maritime transport. Ultimately, the 12.52 Mt CO:z-eq of annual GHG emissions from
imported beef serve as a critical baseline for identifying the 'hidden emissions' that have long

remained unaccounted in the global food supply chain.
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V. GHG Emissions from Domestic Meat Consumption

5.1. Climate Report Card: The Impact of National Per Capita Meat Consumption

The previous chapters examined the supply chain carbon emissions of imported beef produced in
major countries. However, these emissions are ultimately driven by consumer demand. In other words,
every meat product selected by a consumer directly influence carbon emissions embedded in the food

supply chain.

This chapter shifts the focus from analysis from the ‘supplier’ to the ‘consumer’ to quantify how

individual dietary choices contribute to South Korea's overall GHG emission profile.

Estimated emissions were calculating by combining per capita meat consumption with the life cycle
assessment results derived from this study, as summarized in Table 5-1. The analysis reveals that the
annual meat consumption per capita in South Korea in 2024 reached 61.4 kg. When converted
using the carbon footprint coefficients for each type of meat derived in this study, the annual

GHG emissions per capita amount to approximately 1,115 kg CO,-eq.

[Table 5-1] Comparative Analysis of Per Capita Meat Consumption and GHG Emissions in South Korea (2024)

per Caplt_a Consumption Share CHG Emissions Emission Share
Category Consumption : o (kg CO,-eq) o
(kg/year) (%) (capita/year) %)
Beef 15 24.40 619 55.50
Pork 30.9 50.30 413 37.00
Chicken 15.5 25.30 83 7.50
Total 61.4 100.00 1,15 100.00

Source: Compiled by the author based on data from the Korea Meat Trade Association (KMTA) and the analysis results of this study

Notes: (1) Meat consumption figures represent the sum of both domestic and imported products, based on the data in Figure 3-4 of Chapter 3

(2) GHG emissions are based on the results from Table 2-1in Chapter 2 and Table 4-1in Chapter 4, and were calculated

by applying the specific reference data for each meat type used in this study

To illustrate the scale of the estimated 1,115 kg CO,-eq generated by annual per capita meat

consumption, this study compared these emissions with those from domestic aviation. The analysis

shows that the annual carbon footprint associated with per capita meat consumption in South
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Korea is equivalent to 21 one-way flights between Gimpo and Jeju. Based on estimated emissions

of 53 kg CO," per one-way flight, 21 flights would generate approximately 1,113 kg CO..

[Figure 5-1] Climate Report Card: The Impact of National Per Capita Meat Consumption

Per Capita Emissions: Meat vs. Flights

Meat Consumption Emissions

= 21 Flights to Jeju Island

Annual Meat Consumption Gimpo — Jeju for a one-way trip
| |
61 .40 !’{g D.EPARI'I.IRE GIM.POZ
ARRIVAL Juu N

o i 3 3 3 3 3
o S 2 S o 3 3
T N 3 S O S 3
é 4 21 FLIGHTS b *

Total Emissions

1,115 co
A

Annual Emissions by Meat Type

BEEF PORK CHICKEN
- | - | - N
& . 619 ¢ M3y 83
“ (*\/‘\ - ) @ N &S =
kg CO,-eq kg CO,-eq kg CO,-eq
Source: Analysis from this report | Produced by: Solutions for Our Climate

Note: (1) Based on the figures presented in Table 5-1

(2) GHG emissions from aircraft use are calculated based on CO2 emissions

1 'Carbon Reduction Initiatives of Jeju Air Pilots,, Gyeongbuk Domin libo, September 19, 2017
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5.2. National-Scale Comparison: Meat Consumption vs. The Energy Sector

While the previous chapter examined the carbon emissions associated with individual meat
consumption, this chapter expands the analysis to the national level by comparing the environmental
impact of meat consumption with that of major industrial sectors. As shown in Figure 5-2, total meat

consumption in 2024 was recorded at approximately 3.081 Mt.
By applying the LCA coefficients, the total GHG volume is estimated at 56.94 Mt CO,-eq. Notably,
beef accounts for approximately 56% of this total (31.95 Mt CO,-eq), representing the largest share of

emissions among all meat categories.

[Figure 5-2] Comparative Analysis of Total Meat Consumption and GHG Emissions by Meat Type (2024)

3.98 Mt(CO:-eq)

0.74 Mt 0.76 Mt

25%

—
3 /

Total Consumption Total Emissions
3.08 Mt 56.94 Mt(CO:-eq)

31.95 Mt(CO:-eq)

M Chicken Pork W Beef

Source: Compiled by the author based on KMTA data and the analysis results of this study

To contextualize this volume, a sectoral comparison was conducted against coal-fired power plants
(see Table 5-2). The results show that emissions from meat consumption are equivalent to 34% of
the total emissions from all coal-fired power plants in South Korea. Furthermore, this annual volume
substantially exceeds the annual emissions of the Taean Power Station, one of the largest coal-fired

facilities in South Korea—by more than 2.6 times.
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[Table 5-2] Comparative Analysis of GHG Emissions from Meat Consumption

and Major Coal-Fired Power Plants (2024) (Unit: Mt CO»-eq)

Category GHG Emissions Comparison
@® Total Emissions (Meat Consumption) 56.94 Findings of This Study
® Taean Power Station (Units 1-10) 22.10° @is more than 2.6

times the size of @

Aggregate Emissions: All Domestic 3 @ is approximately
® 167.20
Coal Power Plants (2024) 341%of ®

Source: Compiled by the author based on the analysis results of this study

5.3. Meat Emissions Driven by Beef Consumption
A. Steadily Increasing Meat Consumption

Total meat consumption in South Korea was recorded at 2.31 Mt in 2014 and rose to 3.08 Mt in 2024,
marking a 33.5% increase over the decade. Although consumption rose across all meat categories,
the growth in beef consumption was particularly pronounced. South Korea’'s beef consumption grew
from about 0.54 Mt in 2014 to 0.766 Mt in 2024, growing by 41.2%, higher than the growth rates
observed for pork (40.5%) and chicken (14.6%).

[Figure 5-3] Historical Trends in Domestic Meat Consumption by Type (2014-2024) (Unit: t)

3,000,000 765,000, 7/57:000)
653700 672/000) 5651000
2,500,000 5938005821700,
5427312 225760 1461000 511000 1521000 1,573,000
2,000,000 1,334,452 1,390,000 , 40T,
1219000 1272,382 1,325,000
118,965 166,407
1,500,000
1,000,000

500000 64708 7031000696600 789000

0

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Il Chicken Pork I Beef

Source: Compiled by the author based on KMTA data

2 Chungnam Province. (May 2, 2025). Chungnam accounts for 57.8% (68.22 Mt) of national coal-fired power GHG emissions.
http://www.chungnam.go.kr (Accessed: April 14, 2026)

3 KRICT Carbon Neutrality Center. (August 20, 2025) Trends in power generation and emissions by energy source. Carbon
Neutrality Web Platform (Accessed April 14, 2026).
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B. Beef Emissions: Accounting for More Than Half of Total Emissions

As illustrated in Figure 5-3, South Korea's total meat consumption has shown a steady upward trend.
To assess the climate impact of this domestic meat consumption, Figure 5-4 presents the total GHG

emissions calculated based on the carbon footprint coefficients derived in this study.

Estimated emissions from meat consumption rose from 41.65 Mt CO,-eq in 2014 to 56.94 Mt CO,-
eq in 2024. This marks a sharp growth rate of 36.7% over the past decade, underscoring the growing

contribution of dietary consumption patterns to national GHG emissions.

Furthermore, beef had a disproportionately large impact on emissions in 2024. Although beef
sector accounted for only 25% of total meat consumption, it was responsible for approximately
56% of total sectoral emissions, equivalent to 31.95 Mt CO:z-eq. The growing share of carbon-
intensive beef consumption has therefore become a major driver of rising emissions from the

meat sector.

[Figure 5-4] Historical Trends in GHG Emissions from Meat Consumption in South Korea (2014-2024)

(Unit: Mt(CO,-eq))

60.00

50.00

40.00

30.00

20.32

20.00

14.95 15.58 16.29 17.00

10.00

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

I Chicken Pork I Beef

Source: Compiled by the author based on the analysis results of this study

Note: the meat-specific carbon footprint coefficients established in this study (Table 2-1in Chapter 2 and Table 4-1
in Chapter 4) were utilized for the total consumption figures in Figure 5-3
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VI. Conclusion

6.1. The Carbon Scorecard of Meat Consumption

Current GHG emission accounting systems for livestock are confined to direct farm-level emissions,
creating a structural gap in providing product-level carbon data to end consumers. To address this
information blind spot, this study conducted a 'Cradle-to-Retail' LCA, that incorporates emissions

from processing to distribution. By converting GHG data into product-based units (per kilogram of
meat), this study sought to make more intuitive for consumers. In addition, by accounting for emissions
generated throughout the global production and distribution chains of imported beef, this study

examined the climate implications of domestic meat consumption in South Korea.

The analysis confirms that beef is the primary driver of livestock sector’s climate impact, generating
disproportionately higher emissions than other types of meat. Specifically, the GHG emissions
of beef were approximately 4.4 times higher than pork and 10.8 times higher than chicken,

representing the heaviest environmental burden within the meat category.

A notable finding of this report is that South Korea has emerged as a highly meat-intensive society,
outpacing both China and Japan in per capita consumption. In particular, the preference for beef—
the most carbon-intensive option—is especially pronounced. As of 2024, South Korea's annual per
capita beef consumption stands at 15kg, which is 2.5 times higher than Japan (5.9kg) and 3.8
times higher than China (3.9kg). Aggregate emissions from domestic beef consumption were
estimated at 31.95 Mt CO,-eq, while total emissions from overall meat consumption in South
Korea reached at 56.94 CO,-eq. This volume is equivalent to nearly 34% of the annual emissions

from nation's entire coal-fired power sector.

Ultimately, this study provides a foundation for improving public awareness of the environmental
implications of meat consumption by visualizing the carbon footprint of meat products, which has long
remained obscured within producer-centered emissions accounting systems.

6.2. The Hidden Reality Underestimated Emissions

The emission levels presented in this study are likely to underestimate the full environmental impact

of meat consumption due to data and methodological constraints. In the absence of a comprehensive
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LCl database for livestock meat products, this study relied heavily on international proxy coefficients.
The estimates thus may not fully reflect a wide range of farming practices or the characteristics of

local processing industries.

Moreover, livestock production is a multi-output system where meat, by-products, and manure are
generated simultaneously. While this study aimed to calculate the environmental burden by specific
cuts (e.g., pork belly and tenderloin), the limited availability of data required a simplified allocation
method based on the whole animal. Additionally, despite livesector's heavy reliance on imported feed
grain, particularly for cattle, emissions associated with upstream feed production and supply chains

were excluded from the system boudary due to insufficient statistical data.

As a result, the carbon emission figures presented in this study should be interpreted as conservative,

baseline values that likely underestimate the overall environmental impact of meat consumption.

6.3. Next Steps

Despite South Korea's high per capita meat consumption compared to its East Asian neighbors,
consumers still have limited access to carbon information related to meat products. The current
domestic GHG accounting system is restricted to aggregating direct farm-level emissions, rather
than building a ‘National Standard LCI Database’ for individual product units. In contrast, Australia’s
‘AusLCI* maintains a detailed unit process data covering entire supply chain—from feed cultivation to
retail distribution—setting a global benchmark for livestock LCA. The Australian case provides a clear

roadmap for the data infrastructure South Korea should pursue.

However, as the domestic livestock LCA system is still in an early stage of development, publicly
available databases remain limited, making it difficult to conduct detailed LCAs for specific meat
products and their environmental impacts. To address this information gap, the government must
strengthen the carbon data infrastructure by expanding the LCI databases across all stages of the

livestock value chain.

In conclusion, a foundation must be established to transform producer-oriented GHG data into
consumer-accessible information. This includes developing public data systems that provide
environmental indicators alongside price and orogin at the point of purchase, empowering consumers

to make climate-informed purchasing decisions.

4 https://www.auslci.com.au/index.php/Home
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Appendix

This appendix describes the LCA methodology, detailed analysis procedures, and foundational data
utilized in this study. Its purpose is to provide the evidential basis that supports the objectivity and

reliability of the analysis.

1. Framework of Life Cycle Assessment (LCA)
A. Definition of LCA

The journey of a kilogram of meat from farm to consumer’s table involves a multi-stage process:

birth and rearing of livestock, slaughtering, processing, and long-distance distribution. Life Cycle
Assessment (LCA) is an international standard methodology, codified under ISO 14044* designed to
quantitatively analyze and evaluate the environmental impacts of resource and energy consumption,
as well as the resulting pollutant emissions, throughout a product’s entire life cycle—from raw material

extraction (‘Cradle’) to final disposal (‘Grave').

The Food and Agriculture Organization (FAO) of the United Nations adopted the LCA approach as the
standard methodology for measuring the climate impacts of livestock supply chains in its 2013 report,
GHG emissions from Pig and Chicken Supply Chains (FAO, 2013). The FAO mandates a systemic

accounting of all inputs and outputs within a clearly defined system boundary (see Appendix Table 1).
B. Four-Step Analysis

In accordance with the FAO guidelines and the precedents set by the by the National Institute of

Animal Science (NIAS), this study follows a rigorous four-stage procedure:

1. Scope Definition: Selection of target products and definition of the system boundary.

2. Life Cycle Inventory (LCI) Analysis: Collection of data regarding resource consumption (e.g., feed,
and energy) and emissions at each stage of the supply chain.

3. Life Cycle Impact Assessment (LCIA): Conversion of raw inventory data into GHG emissions
using the Global Warming Potential (GWP).

4. Carbon Footprint Derivation: Final aggregation of data to determine the total climate impact per

kilogram of the finished meat.

1 1SO 14044:2006(en) Environmental management — Life cycle assessment — Requirements and guidelines
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[Appendix Table 1] GHG Emission Sources Included and Excluded in Ruminant Environmental Assessments

Supply chain |

Included

Excluded

Activity

Direct and indirect N,O from:

- Application of synthetic N

- Application of manure

N0 losses related to changesin C
stocks

Biomass burning

N20O
- Direct deposition of manure by - Biological fixation
scavenging animals « Emissions from non N fertilizers
- Crop residue management and lime
- Energy use in field operations
Feed - Energy gse in feed transport and
production processing
Upstream - Fertilizer manufacture
CO; - Feed blending « Changes in carbon stocks
N,O . Production of non-crop feeds from land use under constant
CH., (fishmeal, lime and synthetic management practices
amino acids)
+ CH, from flooded rice cultivation
- Land-use change related to
soybean cultivation
- Embedded energy related to the ) .
Non-feed . + Production of cleaning agents,
. CO, manufacture of on-farm buildings L )
production ] antibiotics and pharmaceuticals
and equipment
- Enteric fermentation
CHg4
- Manure management
Animal . - Direct and indirect N,O from
. Livestock N,O
production . manure management
i production
unit - Direct on-farm energy use for
CO, livestock, e.g. cooling, ventilation
and heating
- Transport of live animals and - On-site waste water treatment
products to slaughter and - Emissions from animal waste or
processing plant avoided emissions from on-site
CO: - Transport of processed products energy generation from waste
2, . .
to retail point - Emissions related to slaughter by-
Downstream Post farmgate CHyg; ) . . . .
- Refrigeration during transport and products e.g. rendering material,
HFCs

processing

Primary processing of meat into
carcasses or meat cuts and eggs

Manufacture of packaging

offal, hides and skin
Retail and post-retail energy use

Waste disposal at retail and post-
retail stages
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2. Scope of Study: System Boundary Definition

To accurately measure the GHG emissions of livestock products, establishing the scope of analysis—
the ‘system boundary'—is paramount. This is critical because the results for the same meat product
can vary significantly depending on the research boundaries. According to the National Institute of
Animal Science (NIAS, 2015), the domestic meat supply chain is an integrated network consisting of

the on-farm farm stage, slaughter and processing, import, and distribution (NIAS, 2015).

Reflecting this supply chain structure, this study adopts a ‘Cradle-to-Retail' boundary. This boundary
encompasses the entire lifecycle from the initial production stage (livestock rearing), through
slaughtering, processing, and distribution, up to the point at which the consumer purchases the

product at a retail store (see to Figure 2-1).

Particularly for imported beef, the analysis incorporates GHG emissions from overseas rearing and
slaughter, as well as emission generation during international maritime transport to South Korea, to the

fullest extent permitted by the available data (see Figures 2-1and 4-1).

3. Life Cycle Inventory (LCI) Analysis

A. The Concept of Life Cycle Inventory (LCI)

The meat products found in retail markets are the result of highly complex supply chains involving
feed production, livestock rearing, slaughtering, processing, and distribution. Each of these stages
requires specific resource inputs and generates environmental burdens. LCl is the systematic process

of collecting and organizing these inputs and emissions.

Therefore, the LCI serves as a form of ‘environmental accounting ledger’, recording the total energy
and resources used alongside the GHG and pollutants generated throughout a product's lifecycle. LCI
can map the emission structure across the supply chain and identify 'hotspots’, where environmental

burdens are most concentrated.
B. Data Collection and Methodological Constraints
LCA in south Korea was first introduced in the late 1990s, with initial databases primarily established

around manufacturing sectors such as steel, electronics, and chemicals. The adoption in the

agricultural and livestock sectors was relatively delayed; data accumulation began in earnest after
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20009, following the establishment of agri-food carbon emission calculation and monitoring systems
(Park et al., 2024).

Despite these efforts, LCI data for the livestock sectors remains insufficient, both in terms of recency
and representativeness. In light of these data constraints, this study utilized proxy data—average

values from prior research and literature—for certain items.

Furthermore, variations in data availability exist across different stages of the supply chain. For
instance, while activity data is relatively accessible for the rearing stage, the processing and
distribution stages often lack consistent, publicly available process-specific data. Therefore, the LCI

items for this study were constructed based on available data.

C. Detailed LCI Data Configuration by Meat Type

In the following LCI data tables, activity data refers to the actual input used to calculate GHG emissions.
For example, in feed analysis, it represents the total feed required to raise a single head of livestock.
Specifically, rearing one pig requires approximately 331.81 kg of feed, while rearing one broiler chicken

requires 2.29 kg.
The emission factor indicates the amount of GHG emissions generated per unit of activity data, typically
expressed in kg CO,-eq/kg. For example, producing a kilogram of mixed feed for pigs generates

approximately 1.97 kg CO,-eq, while a kilogram of feed for broilers results in 1.60 kg CO,-eq.

By integrating these activity metrics with corresponding emission factors, the total resources consumed

and GHGs emitted per individual can be quantified for each for each livestock category.
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[Appendix Table 2] Key Features of Literature Used for Estimating GHG Emissions of Imported Beef

Category

Austraila

New Zealand

Reference Asem-Hiablie et al., 2018 Wiedemann et al., 2015 Mazzetto et al., 2023
Cradle-to-Grave Cradle-to-Warehouse Cradle-to-Grave
Scope (includes cold storage (For export beef products

(Feed production to disposal)

in exprorting country)

in New Zealand)

Allocation Method

Multi-Step Hybrid Allocation
(Biophysical & Economic)

Multi-Step Hybrid Allocation
(Biophysical & Economic)

Multi-Step Hybrid Allocation
(Biophysical & Economic)

Rearing and Feed
Characteristics

Pasture Grazing -
Growing Phase
(Hay & By-products) -
Grain-Finished Phase

Pasture-based and
Grain-Finished

Mixed Grazing (Cattle &
Sheep) on Pasture-based
(> 95% grass-fed)

Rearing Period

Approx. 16 months

Medium-fed: ~115 days
Long-fed: ~330 days

Approx. 28.5 months

Export Region

Nebraska (NE)

Queensland (QLD)

Canterbury (CAN)

Export Port

San Francisco

Brisbane

Tauranga

Source: Compiled by the author based on the analysis results of this study
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[Appendix Table 3] LCI Data Structure by Process Stage for Imported Beef Emissions

Country of

Origin

us.

Value

Unit

Source

Source

Production 30.67 kg CO,-eq/kg meat Asem-Hiablie et al.(2018)
Slaughtering & S
. 0.59 kg CO,-eg/kgmeat  Asem-Hiablie et al.(2018)
Processing
Inland Transport in Exportin
[ P P 9 U.SLCI
Country] FAF5 I
. . 2.73 ton-km 0.195 kg CO,-eq/ton-km (Transport,combinationtruck,long-
Road Freight (Trucking) (tool) h
. haul,dieselpowered)
(Nebraska - San Francisco)
[International Transport]
Ocean Freight (Maritime sea-distance.or
Shipping) 9.116 ton-km (tool) g 0.02 kg COz-eq/ton-km  Wernet et al.(2016)
(Port of San Francisco >
Port of Busan)
[Inland Transport in Importing . .
. Kang et al. (2025); Ministry of Environment,
Distribution  Country @] . .
. . 0.153 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration
Road Freight (Trucking)
Assessment Factors
_Average
[Inland Transport in Importing . .
Country @] Kang et al. (2025); Ministry of Environment,
y . . 0.005 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration
Road Freight (Trucking)
R Assessment Factors
_Shortest Distance
[Inland Transport in Importing - .
Country @] Kang et al. (2025); Ministry of Environment,
y 0.4 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration

Road Freight (Trucking)
_Longest Distance

Assessment Factors
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[Appendix Table 3] (cont.) LCI Data Structure by Process Stage for Imported Beef Emissions

Country of
Origin

Value

Unit

Source

Output

Source

Australia

Production 25.49 kg CO,-eq/kgmeat  Wiedemann et al.(2015)
Slaughtering & )
. 0.98 kg CO,-eq/kgmeat  Wiedemann et al.(2015)
Processing
[Inland Transport in Exporting
Countr
y]' . NHVRGO,Routeplanner
Road Freight (Trucking) 1.299 ton-km ] 0.089 kg CO,-eqg/ton-km Ledgard et al.(2021)
(calculation tool)
(Port of Queensland - Port of
Brisbane)
[International Transport]
Ocean Freight (Maritime sea-distance.or
Shipping) 7745 ton-km o 9 0.02 kg CO,-eq/ton-km Wernet et al.(2016)
. (calculation tool)
(Port of Brisbane - Port of
Busan)
o [Inland Transport in Importing . .
Distribution Country @] Kang et al. (2025); Ministry of Environment,
y . . 0.153 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration
Road Freight (Trucking)
Assessment Factors
_Average
[Inland Transport in Importing . .
Country @] Kang et al. (2025); Ministry of Environment,
y . . 0.005 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration
Road Freight (Trucking)
R Assessment Factors
_Shortest Distance
[Inland Transport in Importing . .
Country @] Kang et al. (2025); Ministry of Environment,
y 0.4 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration

Road Freight (Trucking)
_Longest Distance

Assessment Factors
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[Appendix Table 3] (cont.) LCI Data Structure by Process Stage for Imported Beef Emissions

Country of
Origin

Stage

Value

Unit

Source

Output

Source

New Zealand

Production 19.71 kg CO,-eq /kg meat Mazzetto et al. (2023)
Slaughtering &
. 0.52 kg CO,-eq/kgmeat  Mazzetto et al. (2023)
Processing
[Inland Transport in Exporting
Country] Road Freight NHVRGO,Routeplanner
.y] 9 0.165 ton-km ! P 0.089 kg CO,-eq/ton-km Ledgard et al.(2021)
(Trucking) (calculation tool)
(Canterbury - Wellington)
[International Transport]
Ocean Freight (Maritime sea-distance.or
. ght ( 9.817 ton-km . 9 0.02 kg CO,-eq/ton-km Wernet et al.(2016)
Shipping) > (calculation tool)
(Wellington - Port of Busan)
[Inland Transport in Importing . .
Country @] Kang et al. (2025); Ministry of Environment,
Distribution y . . 0.153 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration
Road Freight (Trucking)
Assessment Factors
_Average
[Inland Transport in Importing . .
Country @] Kang et al. (2025); Ministry of Environment,
y . . 0.005 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration
Road Freight (Trucking)
R Assessment Factors
_Shortest Distance
[Inland Transport in Importing . )
Country @] Kang et al. (2025); Ministry of Environment,
y 0.4 ton-km NIAS (2015) 0.192 kg CO,-eq/ton-km Environmental Product Declaration

Road Freight (Trucking)
_Longest Distance

Assessment Factors
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[Appendix Table 4] LCI Data Composition for Beef Production in Korea by Life Cycle Stage

Functional Unit: One head of Hanwoo (approx. 180-day rearing period)

Value

Unit

Source

Value

Output

Source

Production

10775.38

Proxy Data

0.614

Concentrate Feed kg/head kg CO.-eq /kg Proxy Data
TMR Feed 4578.95 kg/head Proxy Data 0.614 kg CO»-eq /kg Proxy Data
Rice Straw 3848.45 kg/head Proxy Data 0.091 kg CO,-eq /kg Proxy Data
Hay 1136.98 kg/head Proxy Data 0.223 kg CO,-eq /kg Proxy Data
Silage 464.93 kg/head = Proxy Data 0.053 kg CO,-eq /kg Proxy Data
Drinking Water (Groundwater) 1254.47  kg/head Proxy Data
Electricity 1777.8 kwh/head Proxy Data 0.683 kg CO.-eq /kg Proxy Data
Diesel Production (Upstream) 136.46 kg/head = Proxy Data 0.447 kg CO»-eq /kg Proxy Data
Diesel Combustion (Direct) 136.46 kg/head Proxy Data 3.21 kg CO,-eq /kg Proxy Data
Enteric Fermentation (CH,)
39 kg CHa/ head /yr Official Data
Male, <1year
Enteric Fermentation (CH,) -
61 kg CHa/ head /yr Official Data
Male, =1 year
Enteric Fermentation (CH,) -
33 kg CHa/ head /yr Official Data
Female, <1year
Enteric Fermentation (CH,) -
53 kg CH4/ head /yr Official Data
Female, =1 year
Manure Management (CH,) 1 kg CHa/head/yr  Official Data
Annual Nitrogen Excretion (Nex) 49.68 kg CHa/head/yr  Official Data
Manure N,O Slurry Storage/Liquid o
- 0.01 kg N2O-N/kgN Official Data
Fertilizer
Manure N,O Composting 0.005 kg N20-N/kgN Official Data
Manure N>O Combined Composting o
L. 0.01 kg N,O-N/kgN Official Data
& Liquid
Manure N,O Aerobic Treatment =
. 0.005 kg N>O-N/kgN Official Data
(Purification)
Manure N,O Others 0.1 kg N>O-N/kgN Official Data
Manure N,O Contracted Treatment 0.006 kg N>O-N/kgN Official Data
Manure Treatment Facility - .
. 80.12 % Official Data
Composting
Manure Treatment Facility - Liquid -
. 114 % Official Data
Fertilization
Manure Treatment Facility - o
. L 3.81 % Official Data
Combined (Solid/Liquid)
Manure Treatment Facility - o
. 0.15 % Official Data
Purification/Treatment
Manure Treatment Facility - Others 0.77 % Official Data
Manure Treatment Facility - o
14.67 % Official Data

Outsourced Service
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Output
Unit Source Value Source
Slaughtering | Slaughtering Process | | | 0.107 | kg CO-eq /kg | Proxy Data
& Processing Packing 0.45 kg CO,-eq /kg Proxy Data

Road Freight (Trucking)_Average

X 152 km Official Data 0192 kg CO,-eq/ton-km  Official Data
Distance

o Road Freight (Trucking)_Shortest - -
Distribution Dist 5 km Official Data 0192 kg COz-eqg/ton-km  Official Data
Istance

Road Freight (Trucking)_Longest

X 400 km Official Data 0192 kg CO,-eq/ton-km  Official Data
Distance

Official Data: Derived from official databases provided by governments, public institutions, and the IPCC
Proxy Data: Adopted from research data found in reputable domestic and international literature to complement missing local inventory

Source: Compiled by the author based on the analysis results of this study
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[Appendix Table 5] LCI Data Composition for Pork Production in Korea by Life Cycle Stage

Functional Unit: One head of pig (approx. 180-day rearing period)

Value

Unit

Source

Value

Source

331.81

kg/head

Proxy Data

1.97E+00

Concentrate Feed kg CO,-eq/kg Proxy Data
Drinking Water (Groundwater) 1254.47 kg/head Proxy Data | 0.00E+00 kg CO2-eq/kg Proxy Data
Electricity 6.37 kwh/head Proxy Data | 6.83E-01 kg CO,-eq/kg Proxy Data
Diesel Production (Upstream) 1.6364 kg/head = ProxyData | 4.47E-01 kg CO,-eq/kg Proxy Data
Diesel Combustion (Direct) 1.6364 kg/head = Proxy Data | 3.21E+00 kg CO,-eq/kg Proxy Data
Enteric Fermentation (CH,) -
0.16 kg CHa/head/yr Official Data
(<2 months)
Enteric Fermentation (CH,)
0.3 kg CHa/ head/yr Official Data
(2-4 months)
Enteric Fermentation (CH,)
1.45 kg CHa/ head/yr Official Data
(4-6 months)
Manure Management (CH,) 8 kg CH./ head/yr Official Data
Annual Nitrogen Excretion (Nex) 10.97 kg N/ head/yr Official Data
Manure N,O Composting 0.01 kg N,O-N/kgN Official Data
Production Manure N,O Slurry/Liquid Fertilizer 0.005 kg N.O-N/kgN Official Data
Manure N,O Combined (Solid/ -
L 0.005 kg N2O-N/kgN Official Data
Liquid)
Manure N,O Purification -
0.005 kg N,O-N/kgN Official Data
(Treatment)
Manure N,O Others 0.001 kg N2O-N/kgN Official Data
Manure N,O Outsourced Treatment 0.005 kg N,O-N/kgN Official Data
Facility Operation - Composting 18.9 % Official Data
Facility Operation -
. . 5.8 % Official Data
- Liquid Fertilization
Facility Operation -
. 6.39 % Official Data
- Combined Treatment
Facility Operation - Purification 13.72 % Official Data
Facility Operation - Others 0.76 % Official Data
Facility Operation - Outsourced -
. 54.42 % Official Data
Service
Slaughtering Slaughtering Process 0.107 kg CO,-eq /kg Proxy Data
& Processing Packin 0.45 kg CO.-eq /kg Proxy Data
g
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Distribution

Output
Source Value Source
Road Freight (Trucking)_Average o .
X 152 km Official Data 0192 kg CO,-eq/ton-km  Official Data
Distance
Road Freight (Trucking)_Shortest o o
i 5 km Official Data 0192 kg CO,-eq/ton-km  Official Data
Distance
Road Freight (Trucking)_Longest - -
Dist 400 km Official Data 0192 kg CO,-eq/ton-km  Official Data
istance

Official Data: Derived from official databases provided by governments, public institutions, and the IPCC

Proxy Data: Adopted from research data found in reputable domestic and international literature to complement missing local inventory
Source: Compiled by the author based on the analysis results of this study
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[Appendix Table 6] LCI Data Composition for Chicken Production in Korea by Life Cycle Stage

Functional Unit: One head of broiler (approx. 32-day rearing period)

Value Unit Source Value Source
Concentrate Feed 2.29 kg/head  Proxy Data | 1.60E+00 kg CO,-eq/kg Proxy Data
Drinking Water (Groundwater) 4,57 kg/head = Proxy Data | 0.00E+00 kg CO,-eq/kg Proxy Data
Electricity 0.16 kwh/head Proxy Data | 6.83E-01 kg CO,-eq/kg Proxy Data
Diesel Production (Upstream) 0.0815  kg/head Proxy Data | 4.47E-01 kg CO,-eq/kg Proxy Data
Diesel Combustion (Direct) 0.0815 kg/head Proxy Data | 3.21E+00 kg CO,-eq/kg Proxy Data
Manure Management (CH,) 0.02 kgCH./5/™ Official Data
Annual Nitrogen Excretion (Nex) 0.31 kgN/=/& Official Data
Manure N,O Composting 0.001 kgN20-N/kgN Official Data
Manure N,O Slurry/Liquid Fertilizer 0.005 kgN20-N/kgN Official Data

Manure N,O Combined (Solid/

o 0.001 kgN,0-N/kgN Official Data
Production Liquid)

Manure N,O Purification o
0.005 kgN,O-N/kgN Official Data

(Treatment)
Other Manure N,O 0.001 kgN,0-N/kgN Official Data
Manure N,O Outsourced Treatment 0 kgN20-N/kgN Official Data
Facility Operation - Composting 62.04 % Official Data
Facility Operation - Combined -
1.87 % Official Data
Treatment
Facility Operation - Purification 0.18 % Official Data
Facility Operation - Others 0.77 % Official Data
Facility Operation - Outsourced o
3314 % Official Data

Service

Slaughtering (Electricity, Water, 018 Kq CO " b Dat
: . -e rox ala
Slaughtering Waste Treatment) 9-Yreq g y

& Processing
Processing 0.45 kg CO.-eq /kg Proxy Data

Distribution 0.19 ton-km  Proxy Data 0.192 kg CO,-eq/ton-km  Official Data

Official Data: Derived from official databases provided by governments, public institutions, and the IPCC
Proxy Data: Adopted from research data found in reputable domestic and international literature to complement missing local inventory

Source: Compiled by the author based on the analysis results of this study
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4. Life Cycle Impact Assessment (LCIA) and Emission Calculation

A. Life Cycle Impact Assessment (LCIA) Framework

Simply listing emission volumes is insufficient to comprehensively evaluate the actual environmental
impact of GHGs generated during livestock production. Different types of GHGs have varying degrees
of impact on global warming. LCIA is the process of quantitatively evaluating environmental impacts by

reflecting these differences.

In the LCIA stage, the magnitude of the actual environmental impact is calculated based on the
activity data and emission profiles collected during the LCI phase. In other words, LCIA is a conversion
mechanism that puts various pollutants emitted during production and distribution into a single,

comparable standard.

B. Application of Global Warming Potential (GWP)

During the livestock rearing process, various GHGs—CO,, CH,4, and N,O—are emitted. Methane is
a byproduct of enteric fermentation in ruminants, while nitrous oxide is a key GHG produced during
manure management and nitrogen cycling in soil. Given that these gases has a different impact on

global warming even at the same masses, they must be unified under a single metric.

In this study, GHG emissions across the entire supply chain for beef, pork, and poultry were calculated
in terms of Carbon Dioxide Equivalent (CO,-eq). The metric applied for this conversion is the Global
Warming Potential (GWP). GWP quantifies the impact of a specific greenhouse gas on global warming
over a defined time horizon relative to CO,. This study applied GWP values for each GHG in accordance
with the standards of the Greenhouse Gas Inventory and Research Center (2025). Under the GWP100
horizon, CH,4 has 28 times the global warming impact of CO, and N,O has approximately 265 times the

potential.

[Appendix Table 7] Global Warming Potential (GWP) by GHG

Greenhouse Gas Chemical Compound GWP-100
Carbon dioxide CO: 1
Methane CHa 28
Nitrogen oxide N20 265

GHG emissions (CO,-eq) = Activity Data x Emissions Factor x GWP: GWP per GHG

Source: Greenhouse Gas Inventory and Research Center (2025)
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The final carbon dioxide equivalent (CO,-eq) values were calculated from the standards in Appendix
Table 7. The activity data, such as feed, energy, and fuel consumption from each stage was multiplied

by its respective emission factors and then adjusted by the corresponding GWP value for each GHG.
C. Calculation of Carbon Footprint

Utilizing the data from the LCI phase, GHG emissions were converted into CO,-eq/kg during the LCIA
stage. This allowed for the quantitative assessment of GHG emissions generated at each stage of the
supply chain, including production, slaughtering, processing, and distribution. To ensure the results

are easily understood by consumers, the emissions from each stage were consolidated into a Carbon
Footprint metric. This shows the total GHG generated per unit product—a kilogram of meat—reaching

the retail shelf (CO,-eq/kg).

Finally, the total carbon footprint is defined as the sum of emissions across all lifecycle stages,

expressed by the following equation:
CF, product(kg COZ_eq/ kg ) = Efarm + Eprocessing + Edistribution

E,.., : Emissions generated during the rearing stage at the farm

E

brocessing - EMISSioNs generated during the slaughtering and primary processing of meat products

E jicribution - Emissions from the distribution stage (e.g. transport, storage)
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