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A study on key issues in Korea's pig carbon footprint and data construction for advanced
calculation of domestic pig's carbon footprint

Abstract

As Korea strives for carbon neutrality by 2050, accurate quantification of greenhouse gas (GHG)
emissions in the livestock sector has become a critical priority. This study conducted a cradle-to-farm gate Life
Cycle Assessment (LCA) of domestic pig production to identify key issues in carbon footprint (CF) calculation
and address significant data gaps regarding feed composition. The functional unit was defined as 115.26 kg of
live weight per pig head. The results revealed a total CF of 993.21 kg CO»-eqgivalent (CO--eq.) per head, with feed
production accounting for a predominant 76.31% of total emissions. This share is notably higher than global
averages, primarily due to the Korea’s heavy structural reliance on carbon-intensive imported feed grains. To
address the inherent opacity and information asymmetry of commercial feed data, a stochastic approach utilizing
Monte Carlo simulation (1,000 iterations) was employed. While variability in dietary formulations across growth
stages was relatively stable (CV = 2.30%), the geographical origin of primary feed ingredients, specifically corn,
introduced substantial uncertainty. The CF of corn varied from 0.23 to 1.86 kg CO--eq./kg depending on its origin,
leading to a 9.35% coefficient of variation (CV) in feed-related emissions and an 18.0% fluctuation in the final
CF per unit of live weight. These findings demonstrate that ingredient sourcing is as critical as nutritional
efficiency in determining the environmental impact of swine production. The study concludes that establishing a
representative, standardized national pig feed composition database is imperative for enhancing the transparency
and reliability of GHG accounting. Such a foundation will provide a robust baseline for developing effective
mitigation strategies and ensuring the livestock industry’s alignment with national climate commitments.

Keywords: Carbon footprint; Pig; Feed composition; Geographical origin; Monte Carlo simulation

1. Introduction

In accordance with the recent global climate change response, Korea takes action with carbon neutral
strategy to ensure that net greenhouse gas emissions (GHG) are zero. GHG generated by livestock are estimated
to be 7.1 gigatonnes CO; equivalent (CO-eq.) which represents 14.5% of the total global GHG [1]. Although
there are differences depending on the country and research purpose, the results of life cycle assessment (LCA)
for pigs show that feed production has the highest carbon footprint (CF). The CF of Canadian pigs studied by

Charron-Doucet and Léger Dionne [2] accounts for 52% of the feed production stage. Additionally, Naranjo [3]
3
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reported that feed production accounted for 42.2% of the total CF for Chinese pigs. However, Reckmann et al.
[4] found that this stage contributed 67.4% for German pigs.

This study was conducted to suggest the direction to construct necessary data for more accurate CF
calculation for pig. Until the mid-2010s, public awareness of the impact of livestock farming on climate change
was limited [5]. Although interest in the CF of livestock products has grown in recent years, consumer
understanding of the relative contribution of individual stages in pork production such as feed production, manure
management, and transportation remains insufficient [5]. While many consumers are aware of GHG associated
with enteric fermentation and manure treatment, they tend to focus more on tangible aspects such as food transport
distances and packaging waste [5]. In contrast, awareness of emissions arising from the cultivation of feed crops
used in livestock farming remains notably low [5]. However, the study analysis of the actual CF calculation for
pig showed that 54.8%-78.5% of contribution came from feed cultivation as shown in Table 1 [6-9]. The large
influence of CF by feed cultivation among the CF generated from other source in pig production might have high
significance to the estimated value of pig CF. For instance, if the influence of feed CF highly varies, the estimated
value of pig CF would also inevitably vary which can greatly affect the reliability of the result value. However,
in Korea, current CF estimates for pig production are expected to be inaccurate due to significant data gaps in
feed composition information. Numerous studies have proposed various feed formulations for pigs; however, in
practice, farmers are often unable to access the specific formulation data of the commercial feeds they use. This
data gap prevents farm operators from obtaining sufficient information for an accurate CF calculation. Such
information asymmetry and opacity are anticipated to cause significant uncertainty in calculating the actual
environmental impact of pig production on-site.

Given these challenges, this review focuses on identifying and addressing key factors influencing the
CF of pig production in Korea, with an emphasis on feed-related parameters. Representative domestic pig feed
formulation scenarios were synthesized and analyzed through a comprehensive review of existing peer-reviewed
literature and technical reports [10-16]. Using LCA modeling, we demonstrate how variability in feed ingredient
profiles impacts the calculated CF of pork. The analysis reveals which variables (such as the ratio of imported
grains or protein meals) drive the most significant changes in emissions. By illustrating the scale of uncertainty
introduced by feed composition, the results highlight the urgent need for improved data.

Ultimately, our findings underscore the importance of building a representative, standardized national



61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

pig feed composition database for Korea. Establishing such a database would greatly improve the accuracy and
transparency of GHG accounting in the pig sector, providing a reliable baseline for CF calculations. This, in turn,
would support more effective mitigation strategies and policy measures in line with Korea’s climate change
commitments. By strengthening the data foundations for pig CF assessment, Korea can better track progress

toward reducing livestock emissions and ensure its climate goals are met in the livestock industry.

2. Materials and Method

2.1 The System Boundaries and Functional Unit

The function unit of this study was 115.26 kg of live weight per pig head. The live weight was calculated
using live weight statistic by Korean Animal and Plant Quarantine Agency [17]. The cut-off criteria to calculate
the CF was set as 95% of accumulated the amounts of raw materials and 100% of energy and water consumption.
As shown in Figure 1, the system boundary to calculate pig CF was set as “cradle-to-farm”, referring to “from the

feed production to the shipment of pig for slaughter”.
2.2. Feed Production

The feed intake parameters presented in Table 2 were synthesized from established statistic, literature
and technical documentation to categorize consumption patterns by feed type and feeding phase [10-16, 18]. The
CF of each feed ingredient was determined using established life cycle inventory (LCI) databases for agricultural
products [19-22]. Table 3 lists the specific LCI data sources and the resulting CF (in kg CO»-eq. per kg) for each
ingredient.

To ensure the methodological rigor and international comparability of the assessment, this study utilized
the LCI database sets (ecoinvent, Agri-footprint, etc.), which are globally recognized as the most authoritative and
scientifically verified life cycle inventory (LCI) sources for environmental impact assessment. The ecoinvent
database is distinguished by its comprehensive data quality guidelines and consistent cross-sectoral modeling,
making it a standard requirement for ISO-compliant life cycle assessments [23]. Similarly, Agri-footprint provides
highly transparent, peer-reviewed data specifically optimized for agricultural supply chains, widely adopted by
international bodies such as the FAO for livestock environmental benchmarking [24]. The integration of these
high-fidelity, licensed databases—standard in prominent journals like The International Journal of Life Cycle
Assessment minimizes the uncertainty inherent in secondary data and provides a robust foundation for evaluating
the carbon intensity of complex global feed supply chains [25]. The use of licensed LCI databases ensures

5
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reproducibility and adherence to international LCA standards (ISO 14040/44), which is paramount for high-
impact environmental research.

Major feed components such as cereal grains, oilseed meals, and brans constitute over 85% of typical
pig feed by weight. In 2021, Korea relied on imports for approximately 96.9% of its feed grains and 71.8% of its
feed brans [26]. Although specific import data for bran are not available, domestic bran production statistics exist.
Notably, domestic oilseed meals and brans are by-products of food industries (e.g., cooking oil extraction and
flour milling) that primarily use imported crops. Hence, these by-products can be considered largely derived from
imported feedstocks [26]. Consequently, we applied LCI database from the regions where the original crops were
produced, since the only domestic processing was the conversion of those imported crops into by-products. All
GHG emissions were characterized in terms of kg CO»-eq. using the IPCC 2013 global warming potential method
(an updated version of the IPCC 2007 method) [27].

The feed composition scenarios shown in Table 4 were derived from example formulations and survey
data for pig diets in Korea [10-16]. These formulations are utilized in pig performance evaluations (pig growth
and carcass certification trials) that measure criteria such as feed intake, average daily gain, backfat thickness, and
dressing percentage [17,18]. Table 4 presents two example diet formulations (for grower and finisher pigs) based
on these sources. These example formulas represent typical compound feeds recommended by national standards,
rather than any single proprietary product. Corn, soybean meal, and wheat are the predominant ingredients in
Korean pig diets, collectively accounting for roughly 47.92% to 95.70% of the total mix by weight in the scenarios

shown.
2.3 Farm Operation

Comprehensive statistics on on-farm energy and water use in Korean pig operations are currently
unavailable. Energy consumption data, including electricity and fossil fuels, were collected from 9 representative
pig farms, with the calculated mean values utilized as input data. Although specific volumetric records for
groundwater usage were unavailable at the farm level, the energy required for groundwater extraction (pumping)
is inherently captured within the total electricity consumption. Consequently, the absence of direct water usage
data is unlikely to result in a significant omission or underestimation of the overall CF. The combined the amount
of energy use data from these sources were applied in our farm operation calculations (Table 5). Table 6

summarizes the LCI datasets and conversion factors used for the farm operation stage.
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2.4. Enteric Fermentation and Manure Management

Korea is in the process of developing country-specific emission factors for GHG emissions from pig
enteric fermentation and manure management. Since the National Inventory Report (NIR) currently applies the
IPCC Tier 1 guidelines, we used the emission factors from the 2024 Korean NIR [27] for these sources. To estimate
the environmental impact, an average production cycle of 214 days was adopted, which corresponds to the
aggregate feeding duration across all growth stages (Table 2). This period served as the basis for calculating
methane and nitrous oxide emissions from enteric fermentation and manure management systems [28]. Nitrous
oxide (N20) emissions from manure were estimated based on the national distribution of manure treatment
methods used on pig farms [29]. Table 7 summarizes the emission factors applied for enteric fermentation and

manure management in this study.
3. Result and Discussion

The primary drivers contributing to the variability in CF estimates, as identified in previous livestock-
related life cycle assessment (LCA) studies, include the following factors. As noted by previous studies, enteric
emissions, manure management, and the purchase of externally sourced feed are among the primary contributors
to overall environmental impacts [30,31]. Moreover, the variability is strongly influenced, feeding strategies (e.g.,
silage inclusion level, feed and ration quality), the degree of feed self-sufficiency, and the adoption of emission-
reducing technologies during effluent storage (e.g., tank covers, anaerobic digestion plants) [30,32]. These factors
collectively explain the observed differences in CF across feed types. A relevant study by Wu et al. [33] discusses
the application of LCA for livestock, emphasizing that these assessments typically account for the life cycle from
breeding through fattening phases, effectively capturing the environmental impacts. This assertion aligns with
findings from Pedolin et al., [34] who utilized LCA in a Swiss agricultural context to evaluate the environmental
efficiency of different livestock product groups, including pigs, thereby reinforcing the importance of quantifying
such impacts from cradle to farm gate. Furthermore, Heidari et al., [35] offer insights on the water management
aspect, although their focus on bioenergy production limits the direct applicability to pig farming water usage
specifically. Gislason et al. [36] demonstrated that feed composition serves as a primary determinant of the carbon
intensity associated with pig production.

The activity data for the pig production process and the corresponding emission factors for this study

are summarized in Table 8. Based on these inputs, the total CF was quantified and is detailed in Table 9. The CF
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per pig was 993.21 kg CO2-eq, with feed consumption accounting for 76.31% of the total emissions. This

predominant contribution highlights that the precision of feed-related data is a critical determinant for the overall
reliability of pig environmental assessments.

Based on the specific feed mixing ratios, the estimated CF per kilogram of diet varied between 1.64 and
2.09 kg CO:-eq. A stochastic analysis using Monte Carlo simulation (1,000 samplings) determined that the
cumulative CF of total feed intake per pig was 758.9 + 17.42 kg CO--eq. The low coefficient of variation (CV =
2.30%) indicates a high level of stability in the CF estimates across the feeding stages. Details of the above results
are shown in Table 10. Admittedly, a limitation of this study is that the variability in the formulation of the Grower
Il diet, the phase accounting for the largest share of total feed intake was markedly lower than that observed in
other feeding stages. This discrepancy suggests that the overall uncertainty in the CF might be primarily
influenced by stages with lower consumption volumes, which warrants cautious interpretation of the aggregate
results.

However, the CF outcomes shifted significantly when considering the geographical origin of feed
ingredients. Using corn the primary component by mass in pig diets as a benchmark, the sensitivity of the total
emission profile was evaluated based on origin-specific fluctuations. The emission coefficients for corn from
various regions, which served as the basis for this variability analysis, are summarized in Table 11. As shown in
Table 11, the CF of corn varies significantly by origin, ranging from 0.23 to 1.86 kg CO--eq/kg. To evaluate the
impact of this geographical variability, a Monte Carlo simulation (1,000 samplings) was performed using the
average dietary formulations for each production phase. This approach maintains methodological consistency
with the prior assessment of formulation-induced variability.

The CF of the diets was highly sensitive to the origin of corn, with values ranging from 1.22 to 2.63
kgCO»-eq./kg feed. A stochastic assessment using Monte Carlo simulation (1,000 iterations) determined that the
cumulative CF of total feed intake per pig was 533.87 + 49.93 kgCO»-eq. The resulting coefficient of variation
(CV) of 9.35% reflects a substantial degree of geographical variability, as detailed in Table 12.

Assuming the feed CF values are normally distributed (Table 12), we can estimate a confidence interval
for the feed-related emissions. At a 95% confidence level, the feed portion of CF per pig ranged from about 432.3
to 647.8 kgCO2-eq.. This feed uncertainty propagates to the total CF per pig, yielding approximately 667.6 to

883.1 kgCO2-eq. per head (95% confidence interval), which corresponds to roughly a 18.00% variation in the

8
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total CF per unit of live weight due to feed composition differences. In other words, variability in corn source can
cause nearly one-fifth difference in the CF of pork production [37].

This study was conducted in accordance with 1ISO 14044 and I1SO 14067 standards for LCA and CF,
ensuring that our methodology is robust and internationally comparable. Our findings regarding the dominance
of feed in the CF are in line with broader literature. Previous analyses have reported that feed cultivation and
processing contribute roughly 60%—-62% of the total GHG emissions in pig production systems on average [38].
In our Korean context, we found the feed contribution to be even higher at about 76.31% of total emissions. This
higher share can be largely attributed to the structural dependence of the Korean livestock sector on imported feed
ingredients [18]. Korean produces only a minor fraction of the grains used for feed (e.g. <1% of corn is grown
domestically), resulting in a heavy reliance on carbon-intensive imported feed. The contrast between our result
and those from other regions underlines how supply chain structure can affect the CF [26].

Although the feed-related emission share in Korea is higher than reported in many other countries, it is
important to note that feed production is generally the single largest GHG source in pig farming everywhere.
Literature reviews of pig LCA studies show that feed supply typically accounts for a significant portion of
emissions (ranging from about one-third up to three-quarters of total GHG emissions) [39].

This consistently indicates that feed cultivation-and feed use are the predominant drivers of carbon
impacts in pork production systems:. Consequently, improving feed production efficiency and supply chain
management emerges as a critical mitigation strategy for reducing emissions from pig farming. For instance,
optimizing feed processing techniques can lower energy use and thus mitigate emissions in feed production, and
enhancing feed conversion efficiency (through nutritional innovations or additives) is identified as a key approach
to curbing GHG emissions in the pig industry [37]. Focusing on feed-related measures such as sourcing lower-
carbon feed ingredients, improving feed quality, and better feed conversion ratios should therefore yield
substantial reductions in the overall CF of pork.

At present, a major challenge in precisely assessing and comparing livestock CF is the lack of
transparent feed composition and source data in Korea. Feed manufacturers often treat ingredient formulations
and source as confidential business information, which means researchers and breeding farms have limited access
to representative feed data. This opacity introduces significant uncertainty into CF calculations. To address these

data limitations, a stochastic approach was employed to estimate the probability distribution of the feed-related
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CF. This involved Monte Carlo simulation, a sampling technique utilizing random number generation to account
for variability in both dietary formulations and ingredient origins, with input parameters derived from an extensive
review of pig nutrition literature [10-16]. Our analysis revealed that the choice of corn origin resulted in a
fluctuation of approximately 18.0% in the CF per kilogram of live weight. This suggests that the geographical
source of primary feed components is a critical factor in the precision of life cycle assessments. These findings
are in line with observations from other studies [36,37,40-43] that many LCA analyses do not report detailed feed
formulas or ingredient-level impacts, making it difficult to pinpoint emission differences. Without clearly
established emission factors that reflect actual feed compositions and source, it is challenging to accurately track
improvements in emission reduction or to make robust comparisons across different production systems.

4. Conclusion

This study quantified the life cycle carbon footprint (CF) of Korean pig production, identifying a total emission
of 993.21 kg CO--eq. per pig. Feed consumption emerged as the dominant contributor, accounting for 76.31% of
emissions—significantly higher than global averages due to Korea’s heavy reliance on carbon-intensive imported
grains. Sensitivity analysis revealed that the geographical origin of ingredients is a critical uncertainty driver;
Monte Carlo simulations showed that corn sourcing alone can induce an 18.0% variation in total CF. By utilizing
stochastic modeling with 1,000 iterations, this study established a realistic 95% confidence interval (667.6-883.1
kg CO2-eq.), providing a more transparent baseline for policy-making than traditional deterministic estimates.A
key finding is the urgent necessity for a standardized national pig feed database to overcome current information
asymmetries and proprietary data barriers. Such a foundation is essential for tracking environmental performance
and implementing mitigation strategies, such as sourcing low-carbon ingredients and optimizing feed conversion
ratios. Ultimately, improving data transparency and robustness is vital for Korea’s transition toward precise, site-
specific environmental management, supporting the nation’s 2050 carbon-neutral commitments.

References

1. Food and Agriculture Organization of the United Nation (FAO). Livestock & Climate Change; 2016

2. Charron-Doucet F, Léger Dionne A. Streamlined environmental life cycle assessment of Canadian pork
production. GROUPE AGECO. 2018.

3. Naranjo AM, Life cycle assessment of the Chines commercial pig. J Anim Sci. 2018; 96:89-90.

https://doi.org/10.1093/jas/sky073.166

10


https://doi.org/10.1093/jas/sky073.166

229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

256

4. Reckmann k, Traulsen I, Krieter J. Life cycle assessment of pork production: A data inventory for the case of

Germany. Livest. Sci. 2013; 157:586-596. https://doi.org/10.1016/j.livsci.2013.09.001

5. Bailey R, Froggatt A, Wellesley L. Livestock — climate change’s forgotten sector: Global public opinion on
meat and dairy consumption. London: Chatham House — The Royal Institute of International Affairs; 2014.

6. McAuliffe GA, Takahashi T, Mogensen L, Hermansen JE, Sage CL, Chapman DV, Lee MRF. Environmental
trade-offs of pig production systems under varied operational efficiencies, J Clean Prod 2017;165:1163-1173.
https://doi.org/10.1016/j.jclepro.2017.07.191

7. Stephen KL. Life Cycle Assessment of UK pig production systems: The impact of dietary protein source,
University of Edinburgh; 2012

8. Noya I, Villanueva-Rey P, Gonz alez-Garcia S, Fernandez MD, Rodriguez MR, Moreira MT. Life cycle
assessment of pig production: A case study in Galicia. J° Clean Prod. 2017; 142:4327-4338.
https://doi.org/10.1016/j.jclepro.2016.11.160

9. Winkler T, Schopf K, Aschemann R, Winiwarter W. From Farm to Fork - A life cycle assessment of fresh
Austrian pork. J Clean Prod. 2016:116:80-89. https://doi.org/10.1016/j.jclepro.2016.01.005

10. Park JW, Lee SS, Hosseindoust A, Mun JY, Ha SH, Tajudeen H, et al. Effects of dietary supplementation of
Escherichia coli 6-phytase levels on growth performance, nutrient digestibility, and blood inositol in weanling
piglets. Anim Biosci. 2025 ;39(1):250186.

11. Oh SM, Kim MJ, Hosseindoust A, Kim KY; Choi YH, Ham HB, et al. Hot melt extruded-based nano zinc as
an alternative to the pharmacological dose of ZnO in weanling piglets. Asian-Australasian J Anim Sci.
2019;33(6):992.

12. Mun J, Lee C, Hosseindoust A, Ha S, Tajudeen H, Kim J. Calcium chloride is a better calcium source rather
than calcium carbonate for weanling pigs. J Anim Sci Technol. 2022;64(5):871.

13. Kim T, Kim M, Lee J, Moturi J, Ha S, Tajudeen H, Mun J, et al. Supplementation of nano-zinc in lower doses
as an alternative to pharmacological doses of ZnO in weanling pigs. J Anim Sci Technol. 2022 ;64(1):70.

14. Mun J, Tajudeen H, Hosseindoust A, Ha S, Park S, Kim J. A reduction in dietary crude protein with amino
acid balance has no negative effects in pigs. J Anim Sci Technol. 2024 ;66(3):493.

15. Choi YH, Min YJ, Jin HJ, Jeong YD, Park HJ, Hosseindoust A, et al. Beet pulp as soluble fiber source and

dietary energy levels for growing pigs under heat stress. J Anim Sci Technol. 2023 ;65(5):989.

11


https://doi.org/10.1016/j.livsci.2013.09.001
https://doi.org/10.1016/j.jclepro.2017.07.191
https://doi.org/10.1016/j.jclepro.2016.11.160
https://doi.org/10.1016/j.jclepro.2016.01.005

257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283

284

16. Moturi J, Yoon S, Hosseindoust A, Ha S, Tajudeen H, Mun J, et al. Effects of dietary arginine in ameliorating
the deleterious effects induced by mycotoxins on growth, immune system, body organs in growing pigs. J
Anim Sci Technol. 2022;64(4):727.

17. Animal and Plant Quarantine Agency (APQA). Quarantine statistics [Internet]. 2019 [cited 2025 Aug 26].
Available from: https://www.qia.go.kr/livestock/qua/livestock _quar_ani_import_inf.jsp

18. Statistics Korea, Livestock Statistics Survey; 2016-2020. Livestock statistics survey [Internet] [cited 2025

Aug26]. Available from: https://kostat.go.kr/menu.es?mid=a20201100000

19. Blonk Sustainability. Agri-footprint LCI database [Internet]. Blonk Sustainability; [cited 2025 Aug 26].

Available from: https://blonksustainability.nl/agri-footprint#gsc.tab=0

20. Ecoinvent Association. Mission & History [Internet]. Zurich (Switzerland): Ecoinvent Association; [cited

2025 Aug 26]. Available from: https://ecoinvent.org/the-ecoinvent-association/

21. French Environment and Energy Management Agency (ADEME). AGRIBALYSE agricultural and food

database [Internet]. [cited 2025 Aug 26]. Available from: https://doc.agribalyse.fr/documentation/

22. Korea Environmental Industry and Technology Institute (KEITI). Korea National LCI database [Internet].

[cited 2025 Aug 26]. Available from: https://ghgprotocol.org/Third-Party-Databases/Korea-Life-Cycle-

Inventory-Database

23. Wernet G, Bauer C, Steubing B, Reinhard J, Moreno-Ruiz E, Weidema B. The ecoinvent database version 3
(part 1): overview and methodology. Int J Life Cycle Assess. 2016 ;21(9):1218-30.

24. Durlinger B, Tyszler M, Scholten J, Broekema R, Blonk H. Agri-footprint; A life cycle inventory database
covering food and feed production and processing. 2014; 310-317.

25. Hauschild MZ, Rosenbaum RK, Olsen SI. Life cycle assessment. Springer International Publishing, Cham.
https://doi. org/10.1007/978-3-319-56475-3; 2018.

26. Ministry of Agriculture, Food and Rural Affairs. 2025. Major Statistics of Agriculture, Food and Rural Affairs.
2025.

27. Greenhouse Gas Inventory & Research Center of Korea (GIR). National GHG Inventory Report of Koreg;
2024 [Internet]. Published Sep. 2025 [cited 2025 Sep 17]. Available from: Greenhouse Gas Inventory &
Research Center of Korea website:

https://www.gir.go.kr/eng/index.do;jsessionid=BDbHmMNaOKhxRg6UC9w1hL7X15IHDPJU3yx0HgIRNTU

12


https://kostat.go.kr/menu.es?mid=a20201100000
https://blonksustainability.nl/agri-footprint#gsc.tab=0
https://ecoinvent.org/the-ecoinvent-association/
https://doc.agribalyse.fr/documentation/
https://ghgprotocol.org/Third-Party-Databases/Korea-Life-Cycle-Inventory-Database
https://ghgprotocol.org/Third-Party-Databases/Korea-Life-Cycle-Inventory-Database

285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

312

HHACH2IF73A8rkgfcW5pD7.0g_was2_servlet_enginel?menuld=6

28. National Institute of Animal Science, Rural Development Administration of Korea. 100 Questions, 100
Answers on Pig Breeding to Solve Technical Difficulties in Livestock Fields [Internet]. 2019 [cited 2025 Aug
26]. Available from: NIAS website—Research section, Annual Reports.

https://nias.go.kr/english/sub/boardHtml.do?boardld=research

29. Ministry of Environment. Livestock manure generation and treatment statistics; 2020.

30. Ferronato G, Tobanelli N, Bani P, Cattaneo L. Carbon footprint assessment of dairy milk and grana Padano
PDO cheese and improvement scenarios: a case study in the Po Valley (Italy). Animals. 2025 ;15(6):811.

31. Froldi, F.; Lamastra, L.; Trevisan, M.; Mambretti, D.; Moschini, M. Environmental impacts of cow’s milk in
northern Italy: effects of farming performance. J Clean Prod. 2022, 363, 132600.

32. Mazzetto, A.; Falconer, S.; Ledgard, S. Mapping the Carbon Footprint of Milk for Dairy Cows. 2022. Available
online: https://ucanr.edu/sites/programteams/files/347129.pdf (accessed on 1 February 2025).

33.Wu H, Chen X, Zhang L, Liu X, Jiang S, Liu Y. Spatiotemporal variations of water, land, and carbon footprints
of pig production in China. Environ Res Lett. 2023;18(11):114032.

34. Pedolin D, Six J, Nemecek T. Assessing between and within product group variance of environmental
efficiency of swiss agriculture using life cycle assessment and data envelopment analysis. Agronomy. 2021
Sep 16;11(9):1862.

35. Heidari A, Watkins Jr D, Mayer A, Propato T, Verén S, De Abelleyra D. Spatially variable hydrologic impact
and biomass production tradeoffs associated with Eucalyptus (E. grandis) cultivation for biofuel production in
Entre Rios, Argentina. GCB Bioenergy. 2021 ;13(5):823-37.

36. Gislason S, Birkved M, Maresca A. A systematic literature review of life cycle assessments on primary pig
production: Impacts, comparisons, and mitigation areas. Sustain Prod Consum. 2023; 42:44-62.

37. Yang P, Yu M, Ma X, Deng D. Carbon footprint of the pork product chain and recent advancements in
mitigation strategies. Foods. 2023 ;12(23):4203.

38. Food and Agriculture Organization of the United Nation (FAQO). Greenhouse gas emissions from pig and
chicken supply chains: A global life cycle assessment; 2013

39. Ines Andretta, Felipe M. W. Hickmann, Aline Remus, Carolina H. Franceschi, et al. Environmental Impacts

of Pig and Poultry Production: Insights From a Systematic Review, Frontiers in Vet Sci. 2021;8:750733. doi:

13


https://nias.go.kr/english/sub/boardHtml.do?boardId=research

313
314
315
316
317
318
319
320
321

322

10.3389/fvets.2021.750733

40 MacLeod M, Gerber P, Mottet A, Tempio G, Falcucci A, Opio C, et al. Greenhouse gas emissions from pig and
chicken supply chains—A global life cycle assessment.

41. Mostert, P.F., A. Kool, N. Bondt, J. Snoek, 2024. Guideline for carbon footprint calculations of pig meat.
Method to calculate greenhouse gas emissions from cradle to slaughterhouse for the Dutch situation.
Wageningen Livestock Research, Public Report 1504.

42. Blonk H, Ponsioen T, Hennen W, Van Kernebeek H, Waarts Y, Advies BM. Towards a tool for assessing carbon
footprints of animal feed. Blonk Milieu Advies, Gouda. 2009.

43. Wu H, Liu Y, Zhang L, Zhu H, Fang W, Mei W. Insights into carbon and nitrogen footprints of large-scale

intensive pig production with different feedstuffs in China. Resour Environ Sustain. 2024; 18:100181.

14



Table 1. The carbon footprint contribution based on previous pig carbon footprint studies

Farm categories in references Total (kg COzeq.) The contribution of the pig production system to total carbon
footprint per kg pig (%)
Crop growth for feed On farm
Canada farms [2] 4.43 52.2 47.8
China farms [3] 2.66 42.2 57.8
Northern German farm [4] 3.01 67.4 32.6
Ireland average farm [6] 3.20 63.4 36.6
Herd size top 25% farm [6] 3.00 62.0 38.0
Herd size top 10% farm [6] 2.99 61.9 38.1
Farm in the Edinburgh Highest 2.86 78.5 215
[7] Lowest 1.85 67.4 32.6

(21 synthetic fertilizer
scenario case)
Farm in the Edinburgh Highest 3.07 71.2 28.8
[7]1 Lowest 2.29 63.9 36.1
(21 slurry fertilizer
scenario case)

Weaning farm in the Galicia [8] 0.40 54.8 45.3
Fattening farm in the Galicia [8] 3.02 58.7 41.3
Typical Austrian pork production [9] 4.38 66.7 33.3
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Table 2. Contribution to mass of feed types in Korean pig

Stage Daysinstage  Avg feed intake (kg/day) Feed per head per stage (kg)
Wean 5 3 15.0
Nursery 56 0.55 30.8
Grower | 63 1.6 100.8
Grower 1l 56 24 134.4
Finisher 34 3 102.0
Total feed amount (kg) - - 383.0
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Table 3. Carbon footprint of crop feed for feed composition and LCI database

Ingredients ngq.(/l%goz' LCI Database Source Note

Corn 1.31 Maize, at farm {BR} Economic Agri footprint 6.3 [19]
Whey 0.13 Whey {GLO}| cheese production, soft, from cow milk | Cut-off Ecoinvent 3 [20]

Fish meal 1.2 Fish meal, at processing {CN} Economic Agri footprint 6.3 [19]

Dehullre;]de;:)ybean 4.25 Soybean meal (solvent), at processing {BR} Economic Agri footprint 6.3 [19] Proxy
Whey powder 1.38 Whey powder dried, at processing {US} Economic Agri footprint 6.3 [19]
Wheat 0.506 Wheat grain, at farm {US} Economic Agri footprint 6.3 [19]
Wheat bran 0.319 Wheat bran, from-dry milling, at processing {US} Economic Agri footprint 6.3 [19]
Oats-dehulled 0.529 Oat grain, dried, at storage {PL} Economic Agri footprint 6.3 [19]
Soy hull 0.15 Soybean hull (solvent), at processing {US} Economic Agri footprint 6.3 [19]

Sucrose 0.625 Sugar, from sugar cane, at processing {TH} Economic Agri footprint 6.3 [19] Proxy
Soybean meal 4.25 Soybean meal (solvent), at processing {BR} Economic Agri footprint 6.3 [19]
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Molasses

Sugar beet pulp

DDGS

Animal fat

Blood meal

Spray dried plasma
protein

Bakery byproduct

Sugar

Soybean oil

Monocalcium
phosphate

Limestone

Salt

DL-Methionine

0.193

0.647

1.44

1.86

0.00412

0.625

8.07

1.27

0.00207

0.278

3.13

Molasses, market mix, at regional storage {DE} Economic

Sugar beet pulp wet, at processing {PL} Economic

Maize distillers grains dried, at processing {US} Economic

Fat from animals, at processing {US} Economic

Blood meal, at processing {NL} Economic

Protein feed, 100% crude {CH}| meat and bone meal to generic
market for protein feed | Cut-off

Groundnut shells, at processing {VN} Economic

Sugar, from sugar cane, at processing {TH} Economic

Crude soybean oil (pressing), at processing {BR} Economic

Dicalcium phosphate, processing/FR

Limestone, unprocessed {RoW}| limestone quarry operation |
Cut-off

Salt/FR

DL-Methionine, processing/RER

18

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Ecoinvent 3 [20]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

agribalyse v3.0.1 [21]

Ecoinvent 3 [20]

agribalyse v3.0.1 [21]

agribalyse v3.0.1 [21]

Proxy

Proxy



L-Lysine

L-Threonine

L-Tryptophan

Arginine

Vitamin premix

Mineral premix

Lactose

Choline chloride

Phytase

Dicalcium phosphate

Prohacid advance

ZnO

Valine

3.07

3.82

18.4

3.07

0.44

0.364

0.518

0.872

124

1.27

1.27

0.726

18.4

L-Lysine HCI, processing/FR

ThreAMINO? 98.5% L-Threonine, at Evonik plant {HU}
Economic

TrypAMINO? 98.0% L-Tryptophan, at Evonik plant {SK}
Economic

L-Lysine HCI, processing/FR

Vitamin and oligo-element complement, for weaned piglet, at
feed plant/FR

Mineral supplement, for beef cattle {GLO}| mineral
supplement production, for beef cattle | Cut-off

Lactose, delactosed whey <210dried 96% DM, at processing
{NL} Economic

Total minerals, additives; vitamins, at plant {RER} Economic

Enzymes {RoW?}| enzymes production | Cut-off

Dicalcium phosphate, processing/FR

Dicalcium phosphate, processing/FR

Zinc oxide {RoW}| zinc oxide production | Cut-off

TrypAMINO? 98.0% L-Tryptophan, at Evonik plant {SK}
Economic
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agribalyse v3.0.1 [21]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

agribalyse v3.0.1 [21]

agribalyse v3.0.1 [21]

Ecoinvent 3 [20]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Ecoinvent 3 [20]

agribalyse v3.0.1 [21]

agribalyse v3.0.1 [21]

Ecoinvent 3 [20]

Agri footprint 6.3 [19]

Proxy

Proxy

Proxy

Proxy

Proxy



Enzymes 12.4
Organic acid 3.87
Mold inhibitor 9.27
Probiotic 0.00412
SDPP 0.00412
TCP 1.27
Na,COs3 1.24

Enzymes {RoW?}| enzymes production | Cut-off

Fatty acid {GLO}| market for fatty acid | Cut-off

Fungicide, at plant {RER} Economic, S

Protein feed, 100% crude {CH}| meat and bone meal to generic
market for protein feed | Cut-off

Protein feed, 100% crude {CH}| meat and bone meal to generic
market for protein feed | Cut-off

Dicalcium phosphate, processing/FR

Sodium bicarbonate {RoW}| soda production, solvay process |
Cut-off

Ecoinvent 3 [20]

Ecoinvent 3 [20]

Agri footprint 6.3 [19]

Ecoinvent 3 [20]

Ecoinvent 3 [20]

agribalyse v3.0.1 [21]

Ecoinvent 3 [20]

Proxy

Proxy

GWP= Global warming potential
US = United States of America
BR = Brazil

CH= Switzerland

DE = Germany

RoW = Rest of World
GLO=Global

FR = France

TH = Thailand

IN = India

CN = China

RER = Europe

NL = Netherlands

SK= Slovakia

HU=Hungary

VN=Vietnam

PL=Poland
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Table 4. Feed formula of pig feeds

Ratio of each ingredient in each feed for each pig (%0)

Feed L
. . Feed for Wean Feed for Nursery Feed for Grower | Feed for Grower Il Feed for Finisher
ingredients
A B C D E F G H I J K L AA  AB
0] [ [2] (2 [2 [18] [0] [ [2] [2] [2] [13] M [14]N [14] O [14] P [14] Q [15] R [15] S[15] T [15] U [16] V [16]W [16]X [16] Y [15] Z [15] [15] [15]
Corn 406 380 441 438 434 377 553 465 537 533 528 498 g7y gos5 G052 6051 7093 66.68 68.20 6395 7244 7234 7224 7214 7484 7059 7211 67.86
1 7 2 1 9 8 3 7 3 1 8 3
Whey 8.00 0.00
Fish meal 3.00 500 250 250 250 4.00 -  3.00 400 - - p - - . R B _ _ _ R B N ) N
Dehulled - 294
soybean - 9 - - - - - 9 - - - - - - - - - - . B . B - ) } ) B B
meal
Whey 17.0 750 15.0 15.3 10.0
- 7.50 7.50 - - - - - S - - - - - - - - - - - - - -
powder 0 0. 0 8 0
Wheat 600 000 - - - - 600 - - - - - - 3 - - 500 500 500 500 @ - - - - 500 500 500 5.00
Wheat bran - - 750 750 750 350 @ - - 700 700 700 400 @ - - - - - - . - . - - - B - } }
Oats-
- - - - - 500 - - g - - 500 - - - - - - - - - - - - - - - -
dehulled
Soy hull - - - - - 200 - - - - - - - - - - - . - . - - - - - - B B
Sucrose - - - - - 4.00 - - - - - 400 - - - . - - - _ - _ - _ ; _ _ _
Soybean 180 g 202 202 202 101 2447 0 243 283 243 127 5575 1840 1809 1781 19.38 19.42 1970 1974 2020 2020 2020 2020 1586 1590 1618 16.22
meal 0 2 2 2 4 3 1 1 1 5
Molasses - - - - - - - - - - - - 200 200 200 200 @ - - - - . - - - B . B N
Sugar beet - - - - - - - - - - - - - - - - - 400 - 400 @ - - - - - 400 - 400
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pulp
DDGS
Animal fat
Blood meal
Spray dried
plasma

protein

Bakery
byproduct

Sugar
Soybean oil

Monocalciu
m phosphate

Limestone
Salt

DL-
Methionine

L-Lysine
L-Threonine

L-
Tryptophan

Arginine

Vitamin
premix

Mineral

4.00

5.00

4.00

0.25

0.25

9.00

3.00

0.37

0.30

0.32

0.59

0.31

0.10

0.28

9.00

3.00

2.40

0.69

0.30

0.32

0.59

031

0.11

0.10

0.28

9.00

3.00

2.40

3.00

0.83

0.30

0.08

0.28

0.13

0.17

0.25

0.25

0.40

0.45

0.24

0.47

0.19

0.06

0.10

0.28

7.00

1.00

3.47

0.45

0.24

0.47

0.62

0.40

0.08

0.34

0.09

0.15

0.10

0.10

23

0.60

0.40

0.12

0.49

0.15

0.37

0.10

0.10

7.00

371

5.00

7.00

3.74

5.00

0.62

0.20

0.04

0.20

0.02

0.15

0.15

4.13

0.72

0.20

0.03

0.21

0.03

0.15

0.15

4.45

3.00

0.02

0.00

3.00

2.22

0.52

1.30

0.02

0.10

0.10

0.20

3.00

0.52

1.30

0.02

0.30

0.10

0.20

1.92

0.20

0.03

0.15

0.15



premix
Lactose

Choline
chloride

Phytase

Dicalcium
phosphate

Prohacid
advance

Zn0O
Valine
Enzymes
Organic acid

Mold
inhibitor

Probiotic
SDPP
TCP

NaCOs

6.00

0.06

0.05

0.70

0.20

0.25

0.13

0.06

0.05

0.70

0.20

0.25

0.13

0.06

0.05

0.15

0.15

0.05

0.91

0.20

0.05

0.05

0.15

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

1.23

0.05

0.05

1.22

0.16

0.05

0.05

123

0.16

0.05

0.05

1.03

0.05

0.05

1.04

0.05

0.05

1.03

0.05

0.05

1.04
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Table 5. “Piglets, sow-piglet system, at farm Mass/NL” and “Pigs to slaughter, pig fattening, at farm Mass/NL” merged Gate-to-Gate data

Direction Flow FarmA FarmB FarmC FarmD FarmE FarmF FarmG FarmH Farml Total Unit Amount Unit
Amount /head

Electricity 1,446.86 126.60 422.48 2,080.84 9,572.74 57.85 1,260.76 2,080.84 1,638.31 18,687.28 MWh 116.13 kWh/head

Input Diesel 1,920 7,030 76,759 400 16,060 103,779 L 0.645 L/head
Kerosene 2,700 2,700 L 0.017 L/head

Output Number

P of pigs 15,622 3,883 2,732 15,475 65,274 3,654 31,473 6,937 15,866 160,916 Heads 1.00 Head

shipped
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Table 6. Estimation of electricity, fuel use and life cycle inventory database

Items Life cycle inventory database Source
Electricity Electricity, medium voltage {KR} market for electricity, medium voltage Ecoinvent 3 [20]
Diesel Diesel {RoW?} market for diesel Ecoinvent 3 [20]
Fossil
Kerosene Kerosene {RoW}market for kerosene Ecoinvent 3 [20]
KR= Korea

RoW=Rest of World
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Table 7. Emission from enteric fermentation and manure management from pig

Contents Activity data
Value Unit
Enteric fermentation (CHa) 0.314 kg/head
Manure management (CHy) 4.690 kg/head
Manure management (N-O) 0.057 kg/head
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Table 8. Estimation of gate-to-gate data and emission factor for pig

Activity data Average Emission factor
Contents
Value Unit Value Unit
Wean 15.0 kg/head 1.90 kgCO»-eq./kg
Nursery 30.8 kg/head 2.09 kgCOz-eq./kg
Feed Grower | 100.8 kg/head 1.92 kgCOz-eq./kg
Grower 11 134.4 kg/head 2.05 kgCO»-eq./kg
Finisher 102.0 kg/head 1.91 kgCO»-eq./kg
Electricity 116.13 kWh/head 0.683 kgCOz-eq./kWh
Diesel (production) L/head 1.04 kgCOz-eq./L
Diesel (combustion) 0645 L/head 3.85 kgCO»-eq./L
Kerosene (production) L/head 1.09 kgCO»-eq./L
Kerosene (combustion) 0oL L/head 3.99 kgCOz-eq./L
Pig 1 head
Product
Live weight 115.26 kg/head
Enteric fermentation (CHa) 0.314 kg/head 27.5 kgCO»-eq./kg
Manure management (CHy) 3.945 kg/head 27.5 kgCOz-eq./kg
Manure management (N20) 0.048 kg/head 265 kgCOz-eq./kg
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Table 9. The result and contribution of carbon footprint per head of pig (from average emission factor)

Carbon footprint

Contribution of carbon footprint

Contents Value Unit (%0)

Wean 28.57 kgCO»-eq./head 2.88%

Nursery 64.47 kgCOz-eq./head 6.49%

Grower | 193.85 kgCO;-eq./head 19.52%
Feed Grower 11 275.99 kgCO,-eq./head 27.79%

Finisher 195.01 kgCO»-eq./head 19.63%

Total 757.89 kgCO2-eq./head 76.31%
Electricity 79.32 kgCOz-eq./head 7.99%

Production 0.67 kgCO,-eq./head 0.07%
Diesel

Combustion 2.48 kgCO,-eq./head 0.25%

Production 0.02 kgCOz-eq./head 0.00%
Kerosene

Combustion 0.07 kgCOz-eq./head 0.01%
Enteric fermentation (CHa) 8.63 kgCO»-eq./head 0.87%
Manure management (CHa) 128.99 kgCO»-eq./head 12.99%
Manure management (N2O) 15.15 kgCOz-eq./head 1.53%
Carbon footprint of pig 993.21 kgCOz-eq./head 100.00%
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Table 10. CF of pig feed in Korea (depends on mixed ratio)

Feed inaredients Average Minimum GWP - F Maximum GWP - L Standard Coefficient of

g GWP (kgCO2-eq.) (kgCO2-eq.) (kgCO2-eq.) deviation variation (%)
Feed for Wean (1kg) 1.90 1.64 241 0.28 14.6
Feed for Nursery (1kg) 2.09 1.80 2.38 0.18 8.7
Feed for Grower I (1kg) 1.92 1.79 2.12 0.13 6.6
Feed for Grower Il (1kg) 2.05 2.05 2.06 0.00 0.1
Feed for Finisher (1kg) 1.91 1.81 2.01 0.10 5.3
Total feed for pig (383 kg) 757.89 17.43 2.30

GWP= Global warming potential
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Table 11. Carbon footprint of corn from LCI database

Country

GWP (kgCO2-eq./kg)

LCI Database

Source

Argentina

Austria

Belgium

Bulgaria

Brazil

Belarus

Canada

Switzerland

China

Czechia

Germany

1.50

0.23

0.25

0.26

131

1.86

0.36

0.31

0.40

0.37

0.27
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Maize, at farm {AR} Economic

Maize, at farm {AT} Economic

Maize, at farm {BE} Economic

Maize, at farm {BG} Economic

Maize, at farm {BR} Economic

Maize, at farm {BY} Economic

Maize, at farm {CA} Economic

Maize, at farm {CH} Economic

Maize, at farm {CN} Economic

Maize, at farm {CZ} Economic

Maize, at farm {DE} Economic

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]



Spain

France

Greece

Hungary

Indonesia

India

Italy

Japan

Lithuania

Mexico

Netherlands

Philippines

Pakistan

0.40

0.30

0.39

0.27

1.37

0.76

0.34

0.43

0.34

0.61

0.26

0.40

0.80
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Maize, at farm {ES} Economic

Maize, at farm {FR} Economic

Maize, at farm {GR} Economic

Maize, at farm {HU} Economic

Maize, at farm {ID} Economic

Maize, at farm {IN} Economic

Maize, at farm {IT} Economic

Maize, at farm {JP} Economic

Maize, at farm {LT} Economic

Maize, at farm {MX} Economic

Maize, at farm {NL} Economic

Maize, at farm {PH} Economic

Maize, at farm {PK} Economic

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]



Poland

Portugal

Romania

Russia

Slovenia

Slovakia

Thailand

Turkiye

Ukraine

United States of America

Viet Nam

South Africa

0.42

0.56

0.29

0.41

0.28

0.31

0.34

0.42

0.35

0.26

0.76

0.35

Maize, at farm {PL} Economic

Maize, at farm {PT} Economic

Maize, at farm {RO} Economic

Maize, at farm {RU} Economic

Maize, at farm {SI} Economic

Maize, at farm {SK} Economic

Maize, at farm {TH} Economic

Maize, at farm {TR} Economic

Maize, at farm {UA} Economic

Maize, at farm {US} Economic

Maize, at farm {V¥N} Economic

Maize, at farm {ZA} Economic

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]

Agri footprint 6.3 [19]
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Table 12. Carbon footprint of pig feed in Korea (depends on corn origin)

Feed inaredients Average Minimum GWP - F Maximum GWP - L Standard Coefficient of

9 GWP (kgCO2-eq.) (kgCO2-eq.) (kgCO2-eq.) deviation variation (%)
Feed for Wean (1kg) 1.57 1.22 2.62 0.30 19.1
Feed for Nursery (1kg) 1.67 1.27 2.63 0.26 155
Feed for Grower I (1kg) 1.41 1.14 2.50 0.25 18.0
Feed for Grower Il (1kg) 1.47 1.27 2.45 0.26 18.0
Feed for Finisher (1kg) 1.33 1.03 241 0.28 20.9
Total feed for pig (383 kg) 533.87 49.93 9.35

GWP= Global warming potential
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