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Abstract: Ammonia is one of the precursor gases in the formation of particulate matter (PM) that
reacts with nitrogen oxides and sulfur oxides in the atmosphere. Based on the Clean Air Policy
Support System (CAPSS) of Korea, the annual ammonia emissions amounted to 261,207 tons in
2020 and the agricultural source (manure management sector) contributes the highest proportion of
the ammonia inventory. However, the methodology for the study of ammonia emissions in Korea
has some limitations regarding the representativeness of the sites selected and the reliability of
the measurement method. In this study, we aimed to recalculate the ammonia emissions from the
livestock industry in Korea using the UK’s estimation method, which uses the life cycle assessment
of livestock manure. Three major animal types, i.e., cattle (beef cattle and dairy cows), pigs and
chickens, and three major processes based on the manure flow, i.e., housing, manure storage and
treatment and land application processes, were considered. The total ammonia emissions were
estimated to be approximately 33% higher than the official ammonia emissions stated by the CAPSS.
For the manure flow, the ammonia emissions were the highest from land application processes. The
ammonia emissions from dairy cow and poultry manure were much higher than those stated by the
CAPSS, while the emissions from beef cattle and pig manure showed similar levels. The methodology
used in this study can offer an alternative approach to the ammonia emission estimation of the
manure management sector in the agriculture industry of Korea. Korean emission factors based on
the manure flow should be developed and applied in the future.

Keywords: ammonia; emission inventory; livestock industry; life cycle assessment; manure flow

1. Introduction

Ammonia (NH3) emissions significantly impact the air quality and ecosystems [1,2].
Ammonia emitted from agricultural sources is considered to be a major contributor to the
formation of particulate matter in the atmosphere [2–4]. Atmospheric ammonia reacts
with sulfur oxides (SOx) and nitrogen oxides (NOx) to form particulate matter such as
ammonium nitrate (NH4NO3) and ammonium sulfate ((NH4)2SO4) [5]. Thereby, ammonia
is recognized as a key component of secondary particulate matter, but more scientific data
are needed regarding this issue. In 2020, the national ammonia emissions of South Korea
(Korea) were 261,207 tons per year, and 200,206 tons (80%) of ammonia were emitted from
agricultural sources [6]. Although national population and area of South Korea are smaller
than those of the United Kingdom (UK), its emissions were approximately 100,000 (40%)
tons higher than those of the UK [7]. In Korea, most of the ammonia emissions from
the agriculture industry are produced by the manure management sector (91%), which is
perceived as a livestock industry source (NAIR 2020) [6]. Ammonia emission sources and
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processes from the initial manure excretion in the livestock industry can be divided into
three major stages as follows:

(i) Animal housing;
(ii) Manure storage and treatment facilities;
(iii) Land applications via liquefied fertilizer and compost;

In animal housing and manure storage and treatment facilities, ammonia is volatilized
via the hydrolysis of urea, mainly from the urine with urease, which is plentifully produced
during the degradation of feces [8,9]. In the manure land application process, ammonia
is emitted via the chemical equilibrium of Henry’s law from the soil in alkalic and wet
conditions [10]. In these sources, variations in the structure of the animal housing, breeding
and feeding, manure management and storage, meteorological parameters, fertilization
methods and so on significantly influence the ammonia emissions [6,11]. Therefore, the esti-
mation of the national ammonia emission inventory is not simple, and the predictable errors
should be minimized as much as possible. The Clean Air Policy Support System (CAPSS)
of Korea has been estimating the national emission inventory of air pollutants including
ammonia. Ammonia emission inventory in the CAPSS is calculated by multiplying the
number of animals by the individual emission factor (kg-NH3/yr/head) [12]. The number
of animal groups in the CAPSS is now 24, i.e., a dairy cow group, three groups of beef cattle
(under 1 year old, 1–2 years old and over 2 years old), four groups of pigs (nursery pigs,
glowing pigs and fattening pigs), two groups of poultry (laying hens and broilers) and
14 groups of other animals (ducks, geese, turkeys, sheep, lambs, horses, mules, donkeys,
minks, foxes, rabbits, dogs, deer and cats) [12,13]. Most of the ammonia emissions (94%) in
Korea are produced from three major types of animals, i.e., cattle, pigs and poultry [13].

In the early 2000s, Jeon et al. developed individual emission factors for beef, cattle
and pigs, and these developed emission factors included emissions from animal housing,
manure storage and land applications. However, these emission factors were determined
under artificial conditions using a dynamic flux chamber (DFC) at a few facilities [14,15].
As for other previous studies on the development of ammonia emission factors in Korea,
Lee et al. conducted a study on ammonia emissions for beef cattle and broilers [16], and
Seo et al. measured the ammonia emission flux in naturally ventilated beef cattle barns [17].
However, these emission factors should be complemented considering their reliability and
representativeness. In addition, for dairy cows, poultry and other animals, the emission
factors of the United States Environmental Protection Agency (US EPA) or COReINventory
of AIR emissions (CORINAIR) [18,19] have been applied without considering activities
related to the manure flow in Korea. Therefore, complementary studies on the emission
factors and activities used in Korea are needed. Indeed, various research activities related
to the development of ammonia emission factors have recently been undertaken in Korea,
such as government-led research projects. Most of the studies in these projects are focused
on field monitoring using real-time monitoring instruments. Various studies have tried
to accurately measure the ammonia emissions in many countries [20]. The ammonia
emissions in the U.S. were estimated with a model based on the emission factors (EFs)
developed by Battye et al. in Europe [5,19–21]. The volatilized ammonia from the total
ammoniacal nitrogen (TAN) in each manure management stage is used in the estimation
of ammonia emissions in Europe [22,23]. Denmark, Germany and the Netherlands use
the EFs implemented in the Validated Entheses-Based Reconstruction of Activity (VERA)
protocol [24,25].

In the United Kingdom (UK), the national ammonia emissions are estimated based
on the nitrogen mass flow according to the ammonia emission factor (%) from the TAN
in livestock manure from various manure-related processes [26]. In this methodology, the
TAN mass flow, which refers to the tracking of the portion of manure in the life cycle
from the initial manure excretion in the housing, plays an important role in the estimation
of the ammonia emission inventory in the UK. Emission factors (%) in various manure-
related processes are cited in various previous studies [27]. The total ammonia emissions
of each animal type can be integrated with the emissions from various processes, and
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this can be reproduced using emission factors for each individual head by dividing the
total ammonia emissions by the total number of heads [26]. The initial nitrogen and TAN
production were calculated by multiplying the number of animal heads [10,26–28]. The
UK’s methodology has been applied to estimate the ammonia emissions in South Korea.
This approach involves calculating the emissions based on the initial total ammoniacal
nitrogen (TAN) production, emission factors (EF%) and livestock population.

In this study, the methodology of the UK was used to estimate the national ammonia
emission inventory of Korea. The manure mass flow of Korea was determined according to
the animal type (three major animals, i.e., cattle, pigs and poultry), and three major stages,
namely housing, manure storage and land application, were applied as activities. The
ammonia emission percentages from the TAN in manure in each process were applied as
ammonia emission factors, and the national ammonia emissions estimated in this study
was then compared with the official national ammonia emissions of Korea (CAPSS) to
evaluate the approach used in this study.

2. Materials and Methods
2.1. Various Manure Processes Related to Ammonia Emissions

Figure 1 shows the livestock manure mass flow and ammonia volatilization from
each process. Three major animals (i.e., cattle, pigs and poultry) and three major stages
(i.e., livestock housing, intermediate treatment processes and final land application) were
considered as manure-related processes in this study. The intermediate treatment pro-
cesses were divided into two types, namely composting treatment processes (solid type)
and liquefied fertilization processes (liquid type). The land application process was also
divided into two types depending on the intermediate treatment processes. Purification
was regarded as the same liquid type of treatment process as liquefied fertilization. The
ammonia emissions after purification processes were not considered in this study, because
liquid-type by-products from the purification process are not utilized for land application
in Korea.
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2.2. Method Comparison

Table 1 compares the estimation methods for ammonia emissions in the manure
management sector of the agriculture industry among Korea, the UK and this study. The
UK’s method was introduced as a basic approach in this study. The ammonia emissions
were basically calculated by multiplying the activities (A) and emission factors (EFs).
Although Korea and the UK have similar processes for the manure flow, the application
of the ammonia emission factor was different between the two countries. The emission
factor of Korea was developed based on livestock facilities, such as barns (housing), yards
or buildings for composting and liquefied treatment, and their land application fields. The
emission concentration of ammonia was directly measured from these individual facilities.
In this method, the selection of a representative facility is critical, but this is a limitation. The
method using a dynamic flux chamber (DFC) was used in the measurement of the ammonia
emissions in Korea; however, this is also a limitation owing to the uncertainty about the
reliability of DFC measurement. On the other hand, the emission factors of the UK were
developed based on the livestock manure flow [21]. The residual nitrogen and nitrogen loss
(ammonia volatilization) in manure are traced during its life cycle. The ammonia emissions
increase in conditions involving high TAN content in manure; thus, the determination of
the TAN is important in the estimation of ammonia emissions, especially for agricultural
sources [23,29,30]. The ammonia emission factors of each stage were also presented as
percentages (%) per TAN in manure. Although the UK’s method indirectly measures
ammonia emissions, it is a simpler and more reliable approach from the viewpoint of the
ammonia loss (volatilization) from manure.

Table 1. Comparison of calculation methods for ammonia emissions.

Korea (CAPSS) UK This Study

Ammonia emission
(g/yr) E * = A ** × EF E = A × EF E = A × EF

Consideration of life cycle
analysis (LCA) - Manure excretion to

final application
Manure excretion to

final application
Target of EF Facilities Manure in individual processes Manure in individual processes

Measurement
(Parameter)

Direct measurement (DFC) for
each facility

(Ammonia emitted from manure)

Nitrogen and TAN in manure
(Residual nitrogen in manure)

Nitrogen and TAN in manure
(Residual nitrogen in manure)

Individual EF Emission factors of individual
facilities (g/yr/head)

Emission factors of individual
processes (%)

Emission factors of individual
processes (%)

Total EF (g/yr/head) Sum of EFs of individual facilities Total emission ÷ Heads Total emission÷ Heads

Limitations

Selection of inclusive facility
(size/type)

Reliability measurement
method (DFC)

Statistical data of manure mass
flow (DEFRA +)

Statistical data of manure mass
flow (MAFRA ++)

* Emission, ** Activity, + Department for Environment Food & Rural Affairs, ++ Ministry of Agriculture, Food and
Rural Affairs.

2.3. Calculation of Ammonia Emissions

Figure 2 shows the procedure of ammonia emission. The total ammonia emissions
were calculated by integrating the emissions from housing, composting processes, liquefied
fertilization processes and land application. This study assumed that all by-products
produced from intermediate processes (liquefied fertilization and composting) would be
utilized in the land application stages via composting and liquid fertilizers. Data on the
manure production (MP) and manure mass flow of cattle, pigs and poultry in Korea were
used [31]. The initial TAN content [32] and emission factors of the UK [7] were used in the
ammonia emission calculations.
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3. Results and Discussion
3.1. Ammonia Emission by CAPSS 2020

Table 2 shows the ammonia emissions from major animals in the UK (2019) and in
the CAPSS 2020 of Korea, respectively. Indeed, the comparison of the ammonia emissions
between Korea and the UK is not meaningful, because the geographical properties, feeding
conditions, livestock manure management types and so on are different between the
two countries. However, the comparison of the ammonia emissions considering the number
of animals between Korea and the UK, shown in Table 2, can be helpful to understand more
clearly the results of this study. The total ammonia emissions from the livestock industry in
Korea were similar to those of the UK. The ammonia emissions from pigs and poultry in
Korea were higher than those of the UK. In particular, the ammonia emissions from the three
major animals (cattle, pigs and poultry) in Korea constituted 95% of the total ammonia
emissions. The ammonia emissions of pigs in Korea were the highest (79.1 kton/yr),
followed by cattle (58.1 kton/yr), poultry (35.4 kton/yr) and other animals. Compared
with the number of animals (approximately two times higher in Korea), the emissions of
pigs in Korea were significantly higher, approximately four times higher than those in the
UK (18.5 kton/yr). Although various factors in the breeding and environmental conditions
were different between the two countries, these results suggest that the ammonia emissions
in Korea need to be compensated for or re-evaluated with other estimation methods,
considering the limitations of the measurement methods, as mentioned earlier.
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Table 2. Comparison of ammonia emissions from UK agriculture in 2019 [7,33] and Korean ammonia
emissions in 2020 [34,35].

UK (2019) Korea (2020)

NH3 Emission (kt/yr) Animals (Head) NH3 Emission (kt/yr) Animals (Head)

Total 179.10 208,844,000 181.06 215,223,879
Cattle 113.30 9,739,000 58.08 6,804,051
Sheep 12.30 17,545,000 0.23 8993
Pigs 18.50 5,078,000 79.10 11,208,400

Poultry 33.80 176,232,000 35.40 197,175,910
Horses 1.20 250,000 0.14 26,525

3.2. Manure Mass Flow (MF)

Manure production (MP) was used as an activity in this study. The manure production
of Korea and the total manure production data for four types of animals in the UK in
2014 [36] are shown in Table 3. Statistical data for livestock manure production (MP) accord-
ing to the treatment processes were obtained from the report of the Ministry of Agriculture,
Food and Rural Affairs (MAFRA) of Korea [31]. The pig manure production in Korea was
the highest, followed by beef cattle, poultry and dairy cows. The distribution of manure
production among the animal types was significant. In particular, the pig manure produc-
tion in Korea was significantly higher than that of the UK (19,210 ton/yr > 6040 ton/yr).
On the other hand, the cattle manure production in the UK (especially dairy cow manure)
was much higher than that in Korea (29,950 ton/yr > 4618 ton/yr). Beef cattle and dairy
manure was mainly treated via individual (self-) treatment on the farm (> 80%), while pig
and poultry manure was treated via community treatment (66% and 82%, respectively).

Table 3. Livestock manure production (ton/yr) in Korea (2022) and the UK (2019).

Treatment Beef Cattle Dairy Cows Pigs Poultry

Korea 2022

Individual
treatment

Composting 14,170 3607 623 1575
Liquefied fertilization 293 2507

Purification 26 3370

Community
treatment

Composting 3179 655 6398 7160
Liquefied fertilization 3164

Purification 37 3148

Total manure production 17,349 4618 19,210 8735

Community treatment ratio 0.18 0.15 0.66 0.82

UK 2019 Total manure production 28,310 29,950 6040 4580

As shown in Table 2, the major treatment type in Korea was the composting process.
The composting process was also a major treatment for livestock manure in the UK and
some other countries [37,38]. Cattle and poultry manure was treated via a composting
process (solid-state treatment) in Korea, whereas liquid-state treatment processes were more
common for pig manure. In particular, in terms of individual treatment, pig manure was
mainly treated via purification and liquefied fertilization (with a low portion for composting
processes), and the portions that underwent community treatment were similar between
solid-state treatment and liquid-state treatment. Approximately 34% (6518 ton/yr) of pig
manure was treated via the purification process and was not utilized in land application.

3.3. Initial TAN and Emission Factors

In the UK’s methodology, the TAN plays a crucial role in the calculation of ammonia
emissions because the emission factors are defined by the nitrogen loss (%) from the TAN.
The TAN is defined as the volatilized TAN (kg) from the unit manure mass (ton-manure)
during the life cycle of manure. In this study, it is also defined as the initial TAN, which
refers to the TAN in the initial stage of manure (housing), and it can be estimated from the
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excretion of manure. The TAN is not simple and is only applied for first-stage housing
because it should be summated according to the volatilized ammoniacal nitrogen during
all stages of the manure flow [7,33,36]. The initial TAN in housing was determined through
several calculation steps based on previous studies [32,38,39], as shown in Table 4. Finally,
the initial TAN values were calculated as 5.772 kg-N/ton-manure for dairy cows, 2.563 kg-
N/ton-manure for beef cattle, 5.620 kg-N/ton-manure for pigs and 12.846 kg-N/ton-
manure for poultry. Misselbrook et al. reported that the TAN values during land application
were 0.4–1.9 kg/ton-manure for cattle slurry, 2.0–5.7 kg/ton-manure for pig slurry and
3.5–13.4 kg/ton-manure for poultry slurry [40]. The initial TAN values determined in this
study were closer to or higher than the ranges reported by Misselbrook. Nevertheless, the
initial TAN values in this study can be considered reasonable because they include each
TAN value for all stages from housing to land application.

Table 4. The determination of the initial TAN (housing) using the statistical data of the UK.

Calculation Procedure Dairy Cows Beef Cattle Pigs Poultry References and Calculation

(1) N excretion per
animal (kg/yr/head) 110 55 10.6 0.57 Gerard et al., 2015 [36]

(2) Animals (head) 3,223,000 6,516,000 5,078,000 176,232,000 DEFRA 2019, farming
statistics [33]

(3) N excretion (kton/yr) 354.53 358.38 53.83 100.45 (1) × (2)
(4) Manure production

(ton/yr) 28,310,000 29,950,000 6,040,000 4,580,000 Smith et al., 2016 [39]

(5) N excretion
(kg/ton-manure) 12.523 11.966 8.912 21.933 (3) ÷ (4)

(6) % TAN from N
excretion (%) 0.461 0.214 0.631 0.586 Misselbrook et al., 2004 [32]

(7) Initial TAN in
housing (kg/ton-manure) 5.772 2.564 5.620 12.846 (5) × (6)

The emission factor is the percentage of volatilized ammonia from the TAN in each
stage. The ammonia emission factors in five processes, namely from housing, composting
treatment processes, liquefied fertilization treatment processes (including purification
treatment) and land application by compost and liquid fertilizer, were derived from the
report on the ammonia emissions inventory from the UK’s agricultural sector in 2019, as
shown in Table 5 [7]. Modified emission factors for housing were derived by averaging
the number of animals in each subdivision and the ages of each animal type in Korea. The
weighted mean EF for beef cattle was modified by the age group (i.e., 2 years or more
and less than 2 years) and the subdivisional sector (i.e., fattening pigs and dry sows) for
pigs and by two types (i.e., broilers and belt-cleaned layers in cages) for poultry. The
ammonia emission factor from land application for farmyard manure (FYM) was reported
as 68.3% for all cattle and pigs in DEFRA 2021 [7]. However, this reported emission factor
is much higher compared to the report of Oenema et al. in 2007, which stated that the
ammonia emission factors from land application for both FYM and liquid fertilizer were
approximately 7 to 11% of the initial TAN excretion [41]. This difference is probably caused
by the bias due to the evaporated water content from the mixture (dry matter base). In
this study, the same emission factors (68.3%) were applied as for the land application of
liquid fertilizer. In the previous study, which applied a similar approach, new emission
factors were used, with 19% for composting, 20% for the liquefied fertilization of dairy cow
manure, 19% for composting, 6.6% for the liquefied fertilization of pig manure, 41% for
composting and 22% for the liquefied fertilization of poultry manure [42,43].
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Table 5. Ammonia emission factors (EF, %) used in this study [7,44].

Housing Intermediate Treatment Processes Land Application

Reported EF Modified Composting Liquefied Fertilization Compost Liquid Fertilizer

Beef cattle 12.5 7.81 26.3 - 68.3 -
Dairy cows 27.7 14.23 26.3 10.6 68.3 32.4

Pigs 22.9 30.00 31.5 13.0 68.3 25.5
Poultry 10.5 8.90 11.0 - 52.3 -

3.4. Estimation of Ammonia Emissions from Four Major Animals

The ammonia emissions from beef cattle manure amounted to 42,384 tons per year,
while the emissions from dairy manure were 24,985 tons per year (Table 6). Collectively,
the emissions from cattle accounted for 19% of the total ammonia emissions from livestock
manure. Pig manure showed the highest emissions, totaling 79,154 tons per year, represent-
ing 34% of the total ammonia emissions. Additionally, the emissions from poultry manure
amounted to 83,577 tons per year, constituting 36% of the total ammonia emissions.

Table 6. Ammonia emissions (ton/yr) by five processes and animal types.

Stage Process Beef Cattle Dairy Cows Pigs Poultry

1st stage Housing 4221 4605 39,329 12,127

2nd stage Composting 13,039 6739 10,552 13,690
Liquefied fertilization - 227 7576 -

3rd stage Compost application 7571 12,899 15,672 21,811
Liquid fertilization

application - 515 6026 -

Total 42,384 24,985 79,154 83,577

Figure 3 illustrates the fractions of the ammonia emissions from each manure process.
The ammonia emissions from beef cattle (dairy cows) and poultry manure were the highest
from compost land application (59%, 52% and 69%, respectively), followed by composting
treatment processes and housing (31%, 27% and 16%, respectively). Conversely, the highest
emissions from pig manure occurred in housing (50%), followed by compost land applica-
tion (20%), composting processes (13%), liquefied fertilization processes (9%) and its land
application (8%). The lower emissions from composting and its land application for pig
manure can be attributed to the liquid-type treatment methods, such as public and private
purification, employed for pig manure treatment in Korea. In addition, the by-products
from public purification processes were not applied to agricultural land in Korea, resulting
in lower ammonia emissions from the land application of liquid fertilizer than expected.

Figure 4 compares the ammonia emissions from the five manure processes. The
ammonia emissions from housing were the highest for pig manure (50%), followed by
poultry manure (18%), dairy cow manure (15%) and beef cattle manure (10%). The ammonia
emissions from the composting process exhibited similar values for beef cattle (31%) and
dairy cow (27%) manure, while the emissions from pig (20%) and poultry manure (16%)
were lower than those for beef cattle and dairy cows. The ammonia emissions for compost
land application showed the highest values among the five processes, with poultry manure
emitting the highest (48%), followed by beef cattle (23%), pig manure (14%) and dairy cows
(12%). The majority of the ammonia emissions from liquefied fertilization and its land
application processes originated from pig manure (17%). These results suggest that the
control of the compost land application of poultry manure should be prioritized for the
mitigation of ammonia emissions in Korea.
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3.5. Comparison of Ammonia Emissions in This Study

Figure 5 compares the ammonia emissions between the CAPSS, the UK and this
study. The ammonia emissions from beef cattle and pigs were similar in both the CAPSS
and this study, while the emissions of dairy cows and poultry were much higher in this
study compared to the CAPSS. In Korea, the emission factors for beef cattle and pigs
were developed in 2008 [12]. These emission factors were applied in the CAPSS results;
the CAPSS emissions showed similar values to those of this study. This means that the
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approach adopted in this study is comparatively affordable and that the emission inventory
for beef cattle and pigs presents reliable values. However, the emission inventory for
dairy cows and poultry still needs compensation, and emission factors for dairy cows and
poultry must be developed in the near future. In the manure management sector of the
agriculture industry in Korea, the ammonia emissions estimated in this study (230 kt/yr)
were 33% higher than those reported by the CAPSS (170 kt/yr), primarily due to the
increased emissions from poultry manure. The total ammonia emissions from the CAPSS
and the UK showed similar values, while the emissions estimated in this study were 39%
higher than those of the UK. Considering the number of animals (particularly poultry)
presented in Table 2, the estimations of this study may be more reasonable than the CAPSS
data. The ammonia emissions per capita (human population) in Korea are 1.7 times higher
than those in the UK. On the other hand, the ammonia emissions in Europe and the U.S.
are 16 and 10 times higher than the national ammonia emissions of Korea, respectively. The
ammonia emissions per capita in Korea are similar to those of Europe and slightly lower
than those of the U.S. Although the types of manure management, feed, diet, food culture,
meat export ratio and so on vary by country, the national ammonia emissions of Korea,
estimated in this study, can be recognized reasonable, and the approach adopted in this
study will be helpful for the upgrading of the ammonia emission inventory of Korea in
the future.
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4. Conclusions

This study aimed to develop a methodology for the estimation of ammonia emissions
in the agricultural manure sector of Korea. The methodology of the UK, which is based on
nitrogen loss, was applied to manure production and the number of animals in Korea. The
total ammonia emissions from the livestock industry (manure) in this study were found
to be higher than those reported by the CAPSS. This increase in emissions was mainly
attributable to the elevated levels of ammonia emitted from the composting and land
application of poultry manure. The ammonia emissions from beef cattle and pig manure
in both the CAPSS and this study showed similar levels because these emission factors
were developed in 2008. The ammonia emissions from compost land application were the
highest in the cattle and poultry industries, while the emissions from housing were the
highest in the swine industry because the proportion of liquid-type treatment (liquefied
fertilization and purification) is relatively high in the swine industry in Korea. The total
ammonia emissions from poultry and pig manure were high in this study. In particular,
compost land application in the poultry industry and housing in the swine industry showed
the highest ammonia emissions in the manure flow. These results suggest that the ammonia
emission mitigation strategy of Korea should be focused on these two processes (compost
land application for poultry and housing for pigs). A comparison with the emissions from
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the UK revealed that the methodology used in this study for the estimation of ammonia
emissions is more reasonable than the current methodology employed in Korea. Thus, the
development of Korean-specific ammonia emission factors (based on N loss percentages
(%) derived from TAN in manure) and the compilation of statistical data for the manure
mass flow by the manure treatment type considering their life cycles should be considered
in the future. For further study, spatiotemporal ammonia emission inventories using this
new approach can be developed, including the yearly and regional variations, distribution
and comparison of the ammonia emissions in Korea.
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