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ABSTRACT: In this study, the GHG emissions were calculated from 2000 to 2021 by focusing on 
the amount of disposal waste (or non-recyclables) in MSW treated by incineration in Seoul. The trend of 
GHG by incineration has continued to increase over time. The GHG emissions in 2021 were more than 
7.3 times higher than those in 2000. The increase in GHG emissions is largely due to an increase in the 
amount of MSWI, especially plastic waste. Plastic waste consisted of 25% of MSWI, but the GHG 
emissions accounted for 92% of the total. For 2040, the amount of MSWI was 1676 tons/day, and GHG 
emissions were 389 kt CO2 eq/yr, all of which decreased by 53% compared to the BAU scenario. This 
might be attributed to reducing MSW generation and increasing recycling rates, resulting in reduced 
GHG emissions. Net GHG emissions from MSWI have been increasing since 2005, with an increase of 
2.9 times in 2021 compared to 2005. All scenarios’ net GHG emissions showed positive values, as the 
GHG emissions were greater than the GHG reductions. It is expected that GHG emissions in 2050 will 
be about 12.0 Tg CO2eq, which is 17% less than those in 2010.In order to reduce GHG emissions from 
MSWI, the first viable option is to reduce the MSW generation by households by implementing more 
strengthened measures (e.g., disposal fee increase, incentives for consumers to reuse). The second option 
is to establish material recovery facilities for resource recovery by diverting the waste from landfilling and 
incineration. During the recovery processes, plastic materials and other recyclable materials can be 
recovered for recycling. In the long term, GHG emissions could be reduced if CO2 from incineration is 
captured through CCUS (Carbon Capture Utilization and Storage) technology in the future, along with 
technical developments. It is expected that Seoul’s MSWI will increase over the next few years. In 
particular, increased plastic consumption in households may be inevitable, resulting in an increase in 
GHG emissions by incineration if plastics are not reduced and recycled Thus, it is urgent for actions and 
measures to reduce the plastic waste in MSWI in Seoul by considering the adoption of a landfill ban 
policy by 2026. The results of this study can be used as climate change mitigation measures and responses 
for reducing GHG emissions from waste sectors in Seoul and other megacities in many countries. By 
utilizing the methane emission indicators prepared here and analyzing spatial correlations at a high 
resolution of 10 km, we found distinct differences in the sources of higher methane concentrations in 
terms of their distributions in South Korea: (1) fossil fuel use and landfill sites and (2) rice farming, and 
livestock areas with some regions with multiple emissions. Furthermore, the application of refined 
national statistical data in examining spatial correlations with satellite observations has been instrumental 
in identifying the causes of elevated methane concentrations in various areas. This approach holds 
significant potential to contribute to the enhancement of South Korea’s official methane emission 
inventory, which currently does not have detailed spatial information, also addressing challenges that 
global methane inventories cannot resolve. Finally, the spatial correlation analysis with satellite data 
conducted in this study proves highly useful in understanding and validating national methane emission 
information. This is particularly beneficial in cases like Korea, where spatial information on methane 
emissions is limited or where there is a high likelihood of unidentified emission sources. 
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INTRODUCTION 

Incineration is one of the common methods 

of municipal solid waste (MSW) treatment 

(IPCC, 2001). This treatment can reduce the 

volume of waste by up to 90%, which can help 

to solve the land-shortage problem caused by 

disposal. It also has the advantage of a 

significantly lower possibility of soil and water 

pollution than landfilling. It has been gaining 

popularity worldwide, as it can effectively 

recover energy from waste (Pablo et al., 2020). 

However, various pollutants (e.g., SOx, NOx, 

heavy metals, and dioxins/furans) and greenhouse 

gases (GHGs) (e.g., CO2 and N2O) can be emitted 

into the atmosphere through MSW incineration 

processes (IPCC, 2006). The emitted GHG 

capture infrared radiation and cause the steady 

heating of the earth, atmosphere, and surface, 

affecting global warming and climate change 

(UNEP, 2022). Therefore, it is important to 

identify the major contributing factors of GHG 

emitted from incineration, and to reduce the 

amount of GHG emissions in response to 

climate change. 

According to the guidelines published by the 
Intergovernmental Panel on Climate Change 

(IPCC), GHG emissions are usually to be estimated 
in various sectors such as energy, transportation, 

industry, residential and commercial buildings, 

agriculture and forestry, and waste sectors. 
Emission estimations by sector are specifically 

outlined in the IPCC guidelines with the 
consideration of emission characteristics and 

data availability in each sector. It is not unusual 
that the amount of GHG emissions from the 

waste sector is notably smaller than other 
sectors. It is noted that GHG emissions from the 

waste sector has contributed about 2.8% of the 
total global emissions from anthropogenic 

sources (Chung et al., 2018) and a similar trend 
may be observed in a national perspective. For 

example, the waste sector in Korea accounts for 
only 2.2% of national emissions in 2010, which 

is 14.5 Tg CO2eq out of 669 Tg CO2eq. Due to 
its highly linked with other sectors, the waste 

sector plays a significant role in national 
mitigation policies with further GHG reduction 

opportunities. 

Methane (CH4) is one of the six greenhouse 

gases (CO2, CH4, N2O, SF6, HFCs, and PFCs) 

identified in the Kyoto Protocol, and is known to 

be responsible for about 30% of global warming 

(IPCC, 2021). The global warming potential 

(GWP) of CH4 is 84 times higher than CO2, and 

it has a short residence time (about 10 years), 

meaning that reducing methane emissions can 

have a relatively instant impact on global change 

(Bousquet et al., 2018 and Zhao et al., 2019). 

Therefore, the importance of accurate monitoring 

and reduction efforts is increasing (IPCC, 2014; 

Skytt et al., 2020 and IPCC, 2021). 

Methane is mainly emitted from natural 

sources (wetlands, inland water, termites, etc.) and 

anthropogenic sources (fossil fuel uses, agriculture, 

waste, etc.) (IPCC, 2021). Atmospheric methane 

is mainly removed through chemical reactions 

with OH radicals in the atmosphere, but recent 

imbalances between emissions and removals 

may have caused an increase in methane 

concentrations (Peng et al., 2022). 

In Korea, the landfilling of MSW was a 

dominant method until 2004 (62%), after which 

both incineration and recycling rates gradually 

increased (Korea MOE, 2023). The amounts of 

GHG emitted from incineration increased as the 

amount of treatment by incineration of MSW 

increased after 2010 (Korea MOE, 2023). 

Studies on GHG emissions by incineration in 

Korea have already been investigated by several 

authors. According to Kang et al. (2019), as of 

2016, the GHG emissions from the incinerated 

waste, including MSW in Gyeonggi-do, were 

predicted to be about 1397 kt CO2 eq/yr based 

on the IPCC 2006 guideline. In Gyeonggi-do, 

about 12,070 tons/day (22% of Korea) of waste 

was generated in 2016, and 22.4% of the waste 

was treated by incineration. Hwang et al. (2017) 

revealed the GHG emissions and emission 

factors of nine incineration facilities in Korea. 

The total emissions from MSWI ranged from 

3587 to 11,082 t CO2 eq. Kwon et al. (2018) 

revealed the quantitative effect of reducing 

GHG emissions from the recycling and energy 

recovery of MSW in Daejeon Metropolitan City. 

Park et al. (2011) estimated the N2O emission 

coefficient (from 71 to 153 g N2O/t waste) of 

MSWI facilities and calculated the N2O emissions 

(from 2.31 to 8.27 tons N2O/yr). Kim et al. 

(2016) studied the calculation of GHG emissions 

from MSW incineration facilities in three 

scenarios based on the IPCC guideline, and 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/anthropogenic-source
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/anthropogenic-source
https://www.sciencedirect.com/science/article/pii/S2468203917303436#bib2
https://link.springer.com/article/10.1007/s10661-024-12449-w#ref-CR13
https://link.springer.com/article/10.1007/s10661-024-12449-w#ref-CR5
https://link.springer.com/article/10.1007/s10661-024-12449-w#ref-CR38
https://link.springer.com/article/10.1007/s10661-024-12449-w#ref-CR12
https://link.springer.com/article/10.1007/s10661-024-12449-w#ref-CR32
https://link.springer.com/article/10.1007/s10661-024-12449-w#ref-CR13
https://link.springer.com/article/10.1007/s10661-024-12449-w#ref-CR13
https://link.springer.com/article/10.1007/s10661-024-12449-w#ref-CR24
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calculated emissions according to generation 

characteristics. The GHG emissions based on 

the IPCC guideline ranged from 244.4 to 322.1 t 

CO2 eq/day, while the emissions determined by 

the assay value method of the study were from 

151.8 to 230.3 t CO2 eq/day. 

This study was carried out to determine the 

GHG emissions including methane from the 

incineration of MSW in Seoul between 2000 and 

2021. Using TROPOMI XCH4 satellite data from 

August 2018 to July 2019, the spatial distribution 

of methane concentrations was analyzed and 

high-concentration areas were identified, which 

can provide information for domestic greenhouse 

gas reduction policies. It also predicted the 

amount of MSW treated by incineration in Seoul 

by 2030 and 2040 using linear models and 

scenario analyses. Based on the predicted 

amounts of incineration, the characteristics of 

GHG emissions and the temporal trends of 

MSW treatment methods were examined. The 

main influencing factors for the GHG emissions 

were identified.  

Esimated GHG Emissions from MSWI 

from 2000 to 2021 

In Korea, the landfilling rate of MSW was 

relatively high before 1995, after which the rates 

of incineration and recycling gradually increased 

over the next three decades. GHG emissions 

from incineration consequently tended to increase 

due to the increased amounts of incineration 

after 2010 (Korea MOE, 2023). In Japan, the 

proportion of landfilling gradually decreased 

over the years. Much of the waste was combusted 

at incineration facilities, along with recycling. 

As of 2020, 79.5% of waste was disposed of by 

incineration, 19.6% by recycling, and 0.9% by 

landfilling (Japan MOE, 2020). 

Fig. 1 shows the amounts and flows of MSW 

in Seoul in 2021 (Korea MOE, 2023). The total 

amount of MSW generated was 2899 kt/yr. In 

Korea, MSW is commonly divided into three 

major types (i.e., recyclables, food waste, and 

disposal waste or non-recyclables). Among 

Seoul’s MSW in 2021, disposal waste or non-

recyclables was the largest fraction (40%, 1163 

kt/yr), followed by recyclables (31%, 901 kt/yr) 

and food waste (29%, 835 kt/yr). Recyclables 

(e.g., paper, plastic, metal cans, glass, etc.) and 

food waste were source-separated in all 

households and commercial areas by adopting 

pay-as-you-throw schemes Korea Ministry of 

Environment. Food waste, which has been 

banned from landfilling since 2005, was commonly 

treated through animal feed manufacturing, 

composting, and anaerobic digestion. Disposable 

waste in plastic bags or non-recyclable waste 

was typically treated at incineration facilities or 

disposed of in landfills. In 2021, the fraction of 

combustible waste accounted for 93% (1086 

kt/yr) of the disposal waste, while other fractions 

included incombustible (69 kt/yr, 6%) and 

construction (8 kt/yr, 1%) waste. Mixed waste 

(399 kt/yr, 37%), paper waste (340 kt/yr, 31%), 

and plastic waste (248 kt/yr, 23%) were the 

larger fractions in combustible waste streams, 

while other small fractions included wood (45 

kt/yr, 4%), food (26 kt/yr, 2%), textiles (22 

kt/yr, 2%), and rubber (6 kt/yr, 1%). Most of the 

combustible waste was treated by incineration 

(741 kt/yr, 68%), followed by landfilling (305 

kt/yr, 28%) and limited recycling (41 kt/yr, 4%). 

Fig. 2 shows the GHG emissions from MSWI 
by waste component type from 2000 to 2021. In 
2000, 74 kt CO2 eq/yr was emitted into the 
atmosphere, after which the GHG emissions 
have been steadily increasing over time. In 
2021, the GHG emissions were estimated to be 
about 545 kt CO2 eq/yr, more than 7.3 times 
higher than those in 2000. It should be noted 
that the CO2 emissions from biomass wastes 
(food, wood) were excluded from the calculation, 
as they are biogenic emissions. Thus, only 
CO2 emissions from wastes (plastic, paper, 
textile, etc.) originating from fossil fuel sources 
were calculated. In addition, CH4 and N2O were 
calculated according to the Tier 1 emission 
factor values (US EPA, 2023). According to 
Park’s study (2022), the GHG emissions from 
four incineration facilities in Seoul were about 
876 kt CO2 eq/yr (Park, 2022), which is higher 
than those of our study. The reason for the 
difference between the studies is likely due to 
the difference in the percentage of waste 
composition used to calculate GHG emissions. 
In Park’s study, the combustible waste 
accounted for 86% of the average of the four 
incinerators. The paper accounted for 43% of 
the combustible waste, followed by plastics 
(20%), textiles (12%), food (10%), wood (5%), 
other (4.5%), and rubber (4.2%) (Park, 2022). 

https://www.mdpi.com/1996-1073/16/12/4791#fig_body_display_energies-16-04791-f001
https://www.mdpi.com/1996-1073/16/12/4791#fig_body_display_energies-16-04791-f002
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Fig. 1. Waste generation and flow of MSW in Seoul in 2021 (unit: kt/yr or %) 

 

 

Fig. 2. Amounts of MSWI (above) and trends of GHG emissions (below) in Seoul between 2000 

and 2021 
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The waste type that contributed the most to 

GHG emissions was plastic waste. Plastic waste 

treated by incineration has increased over the 

past two decades. It was 8.6 times higher, from 

21 kt plastic waste/yr in 2000 to 182 kt plastic 

waste/yr in 2021. As plastic waste materials in 

MSWI increased, GHG emissions also significantly 

increased. The GHG (CO2) emitted by the 

incineration of 1 ton of plastic waste was found 

to be 2.7 tons, indicating that the contribution to 

GHG emissions was greater than that of other 

waste (IPCC, 2006). In particular, there was a 

sharp increase in GHG emissions in 2021 

compared to 2019, likely due to increased 

amounts of plastic materials (a 34% increase 

from 2019). It is worth noting the significant 

contribution of plastic waste to GHG emissions. 

While the amount of plastic waste in 2021 was 

182 kt/yr (25% of total MSWI), the resulting 

GHG emissions were 501 kt CO2 eq/yr (92% of 

total GHG emissions). This corresponds to 2.8 

times the GHG of the amount of plastic waste. 

Because plastics are made from fossil fuels, the 

increase in plastics has led to an increase in 

fossil carbon fractions, which contribute to GHG 

emissions from incineration during oxidation 

processes (Liao et al., 2022). 

According to the OECD report, global plastic 

in 2019 was produced at about 460 million 

metric tons (Mt), which doubled since 2000. 

During the same period, plastic waste was 353 

Mt, which more than doubled. As plastic 

production and plastic waste increase globally, it 

is expected that the amount of GHG emissions 

will increase (Organization for Economic Co-

Operation and Development (OECD, 2022). 

Because the GHG emissions from incinerated 

paper and plastic wastes are higher than those of 

other waste types, there is a need for substantial 

efforts towards a reduction in such waste 

materials in MSWI. Material recovery processing 

(e.g., removal of paper and plastic) for waste 

disposal bags generated from households along 

with more strengthened source-separation 

regulations could be a viable option before 

incineration. 

Emission Estimation for Waste Sector 

IPCC (2006) provides overall procedures of 

emissions estimation for each waste treatment 

method. It should be noted that energy generated 

in the process of waste treatment (so called 

waste-to-energy, WTE) has not been included in 

this study as recommended by IPCC guidelines, 

which states that WTE may be analysed in the 

energy supply sector. Emissions from the 

Korean waste sector are estimated according to 

waste treatment method. 

CH4 Emissions from Landfill 

Emissions estimation for landfilled wastes is 
one of the most difficult part because landfill 
gas (LFG) emissions of an inventory year are 
highly affected by the past activity data. There 
have been two available methods to estimate 
LFG emissions: mass balance model and FOD 
model. However, IPCC Guideline (2006) 
mandates the adoption of FOD model, and 
mandatory requirements for an effective 
application of FOD model include past data on 
the amount of landfill wastes and information on 
half-life of landfill wastes. Methane is the most 
dominant GHG from landfilled wastes. Even if a 
small amount of CO2 may also be emitted, it is 
not included in this study as per IPCC 
Guidelines. It is mandatory to use disposal data 
for at least 50 years according to IPCC 
Guidelines (2006). Considering realistic constraints 
and difficulties related to data collection, however, 
it is hardly achievable to collect disposal data 
for such a long period of time. Furthermore, 
Kim et al. (2017) indicates that an FOD model 
may be effectively employed even with waste 
disposal data for a shorter period of time. Since 
activity data after 1986 are only available for the 
waste sector in Korea, this study adopted alternate 
methods such as regression and extrapolation for 
emissions estimation from landfilled wastes. 

CO2 and N2O Emissions from Incineration 

A moderate amount of MSW and INW is 
treated by incineration from which CO2 and N2O 
are mostly emitted. IPCC Good Practice 
Guidelines (2001) notes that a negligible 
amount of methane may also be emitted from 
incineration but it can be excluded from the 
emissions estimation. Emission estimates for 
CO2 and N2O have been obtained by the 
equations given in IPCC (2006). 

CH4 and N2O Emissions from Wastewater 

Wastewater can be a source of CH4 and N2O 

emissions. While CH4 is mostly emitted when 

treated or disposed anaerobically, N2O is emitted 

https://www.sciencedirect.com/science/article/pii/S2468203917303436#bib7
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/landfill-gas
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/landfill-gas
https://www.sciencedirect.com/science/article/pii/S2468203917303436#bib7
https://www.sciencedirect.com/science/article/pii/S2468203917303436#bib7
https://www.sciencedirect.com/science/article/pii/S2468203917303436#bib12
https://www.sciencedirect.com/science/article/pii/S2468203917303436#bib13
https://www.sciencedirect.com/science/article/pii/S2468203917303436#bib7
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in the process of nitrogen removal in wastewater 

treatment. There are two different sources of 

methane emissions from wastewater, such as 

domestic and industry. Whereas methane 

emissions from industry wastewater may simply 

be obtained by multiplying the amount of 

industry wastewater by corresponding emission 

factor, those from domestic wastewater are 

estimated separately depending on whether 

treated or untreated. N2O emissions from 

wastewater treatment are estimated with the 

consideration of the amount of per capita protein 

intake, the percentage of nitrogen in protein, and 

the emission factor of nitrous oxide. 

CH4 and N2O Emissions from Biological 

Treatment 

Biological treatment of wastes includes 

composting and anaerobic digestion, which can 

be a source of CH4 and N2O emissions. The 

amount of biologically treated wastes is 

relatively small, and emissions from this source 

can simply be derived by multiplying the total 

amount of biologically treated wastes by 

corresponding emission factor. 

As discussed earlier, a variety of activity data 

and parameters need to be gathered for each 

treatment method and it is highly desirable to 

secure country-specific values to improve the 

accuracy of emission estimation. If unavailable, 

however, default values prescribed by IPCC 

(2006) may be adopted. Table 1 summarizes 

activity data and corresponding parameters used 

in this study for each treatment method. 

Predicted Net GHG Emissions from 

MSWI from 2005 to 2040 

To calculate and predict the net GHG 

emissions from MSWI, operational data of the 

four incineration plant facilities in Seoul in 2022 

were analyzed and are presented in Table 

2 (Seoul Metropolitan Government, 2023). All 

four incinerators were operated by continuous 

stoker-type methods with an average 80% 

operation rate in 2022. The total capacity of the 

four incinerators (Gangnam, Nowon, Mapo, and 

Yangcheon) currently operated by the Seoul 

Metropolitan Government was 2850 tons/day. 

The Mapo and Yangcheon facilities employ 

steam turbines to generate electricity. The 

Gangnam and Nowon facilities do not have their 

own steam turbines, but the neighboring 

cogeneration plants do. The total electricity 

produced by the facilities was only 14.6% of the 

total electricity consumed by the four sites. 

There have been global efforts to develop and 

apply technology to recover energy generated by 

the incineration of waste. Denmark had already 

implemented a policy to recover waste 

incineration energy 100 years ago (Heron and 

Søren, 2023). Materials that were able to be 

incinerated were prohibited from landfills, and 

waste-to-energy facilities are actively operated. 

According to the EU circular economy action 

plan, the landfilling of waste that could be 

recycled or recovered energy will be restricted 

after 2030. It also limits the landfilling of 

municipal solid waste to 10% after 2035 

(European Commission, 2023). 

Fig. 3 shows the net GHG emissions from 

MSWI between 2005 and 2021. GHG reduction 

can occur through waste heat recovery and 

electricity generation, by subtracting GHG 

emissions from incineration, LNG, and electricity 

(consumed). From 2005 to 2021, the observed 

and predicted GHG emissions from MSWI were 

higher than the GHG reductions. Thus, all net 

GHG emissions showed positive values. Net 

GHG emissions increased by about 2.9 times, 

from about 174 kt CO2 eq/yr in 2005 to about 

499 kt CO2 eq/yr in 2021. Since 2005, net GHG 

emissions have shown an increasing trend. 

Especially, it was found that they increased rapidly 

between 2019 and 2020. This was estimated to be 

due to an increase in GHG emissions from 

incineration in 2020. The generation of plastic 

and paper wastes, which had a significant 

impact on GHG emissions, increased 1.36 times 

and 1.06 times, respectively. In addition, wood 

was also estimated to increase 1.13 times, 

increasing the GHG emissions. 

The net GHG emissions between 2022 and 

2040 by scenario analysis were calculated using 

the difference between the annual MSWI GHG 

emissions and reductions (Fig. 4). The net GHG 

emissions for all scenarios were positive values 

because the GHG emissions were greater than 

the reductions. For the BAU scenario, the 

predicted emissions were found to be 621 kt 

CO2 eq/yr in 2030 and 753 kt CO2 eq/yr in 2040. 

Scenario 1 showed lower GHG emissions (541 

kt CO2 eq/yr in 2030 and 623 kt CO2 eq/yr in  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/wastewater-treatment
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/wastewater-treatment
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/nitrous-oxide
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/anaerobic-digestion
https://www.sciencedirect.com/science/article/pii/S2468203917303436#bib7
https://www.sciencedirect.com/science/article/pii/S2468203917303436#tbl3
https://www.mdpi.com/1996-1073/16/12/4791#table_body_display_energies-16-04791-t005
https://www.mdpi.com/1996-1073/16/12/4791#table_body_display_energies-16-04791-t005
https://www.mdpi.com/1996-1073/16/12/4791#fig_body_display_energies-16-04791-f006
https://www.mdpi.com/1996-1073/16/12/4791#fig_body_display_energies-16-04791-f007
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Table 1. Summary of activity data and parameters for calculating waste GHG 

Treatment Activity data Parameters 

Landfill Amount of landfilled wastes by 

composition 

Amount of methane recovery 

Rate constant of biodegradation 

CH4 correction factor 

Fraction of degradable organic carbon 

CH4 fraction in generated landfill gas 

Oxidation rate 

Incineration Amount of incinerated wastes by 

composition 

Fraction of carbon content 

Fossil carbon fraction 

Efficiency factor 

Wastewater Amount of industry wastewater Emission factor 

Amount of treated domestic 

wastewater 

Concentration of biochemical oxygen 

demand 

CH4 emission factor 

Removal rate 

CH4 recovery rate 

Amount of sewage N2O emission factor 

Percentage of nitrogen in protein 

Amount of per capita protein intake 

Amount of untreated domestic 

wastewater 

Concentration of biochemical oxygen 

demand 

CH4 emission factor 

Biological treatment Amount of biologically treated 

waste 

CH4 emission factor 

N2O emission factor 

 

 

 

Table 2. Operational results of four MSW incineration facilities in Seoul in 2022 

Category Incineration Status Energy Sales Energy Consumption 

Daily Input 

Amounts 

(Tons/Day) 

Daily 

Incinerated 

Amounts 

(Tons/Day) 

Operation 

Rate * 

(%) 

Waste 

Heat 

(Gcal) 

Electricity 

(Generated) 

(kWh) 

LNG 

(Nm3) 

Electricity 

(Consumed) 

(kWh) 

Gangnam 888 793 88 442,989 0 333,830 26,491,356 

Nowon 591 551 69 247,936 0 234,133 16,629,469 

Mapo 629 589 78 795,452 7,878,847 263,414 18,957,875 

Yangcheon 406 341 85 171,365 2,479,464 664,489 8,733,110 

Total 2514 2274 80 

(average) 

1,157,742 10,358,311 1,495,866 70,811,810 

* Operation rate = average daily incinerate amount (tons/day) ÷ incineration capacity (ton/day) × 100 (%). 
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Fig. 3. Net GHG emission trends from MSWI in Seoul between 2005 and 2021 

 

 

Fig. 4. Predicted net GHG emissions from MSWI by scenario analysis 
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2040) than those of the BAU scenario. The 

GHG emissions tended to increase 1.25 times 

for 2040, compared to 2021. Scenario 2 showed 

a slight increase in emissions to 452 kt CO2 

eq/yr in 2030 and 474 kt CO2 eq/yr in 2040. 

There was about a 5% decrease in emissions for 

2040 compared to 2021. The net GHG emissions 

in Scenario 3 showed a decreasing trend to 369 

kt CO2 eq/yr in 2030 and 353 kt CO2 eq/yr in 

2040. Compared to 2021, the GHG emissions for 

2040 decreased by 29%. Reducing the generation 

of MSWI can have a significant impact on GHG 

emission reduction. According to Park (2022), 

if 70% of the plastic waste entering the 

incineration facility is separated, then annual 

GHG emissions can be reduced by 26%. 

Wang and Nakakubo (2020) calculated the 

net GHG emissions of incinerating waste in a 

fluidized-bed incinerator under two different 

scenarios. According to the study, the net GHG 

emissions of incinerating the waste were 416 kt 

CO2 eq/yr without further treatment. After 

screening and separating the non-combustible 

waste, the energy efficiency of the fluidized-bed 

incinerator was improved. This resulted in net 

GHG emissions of 277 kt CO2 eq/yr, which was 

66.6% less than the net GHG emissions without 

separation. Fluidized-bed incinerators are known 

to show better thermal efficiency than stoker 

incinerators by promoting uniform mixing and 

heat transfer (Vukovic and Makogon, 2022). 

Due to these features, GHG emissions from 

fluidized-bed incinerators are estimated to be 

less than those from stoker incinerators. 

According to a study by Kristanto et al. (2019), 

the net GHG emissions from MSWI in Depok, 

Indonesia, were found to be 83~86 kt CO2 eq/yr. 

The MSW in Depok, Indonesia, was mostly 

food waste, which accounted for 73% of the 

total. This was followed by paper (7%) and 

plastic (4%). Despite using the same stoker-type 

incinerator as those in Seoul, the different 

components of the waste resulted in lower net 

GHG emissions. The present study in Korea 

showed higher fractions of paper and plastics 

(around 56.4% of the total waste), resulting in 

high contributions of GHG emissions. This 

implies that even with the same type of 

incinerator, different compositions of waste 

materials can have a significant impact on GHG 

emissions. 

Spatial Correlation between XCH4 and 

National Emissions 

To examine the characteristics of high-
concentration areas, we classified South Korea 
into eight regions (Fig. 5b) by local administrative 
districts. The high concentration in the southern 
parts of region I showed positive correlations 
with three emissions: rice paddy, livestock, and 
fossil fuels, with rice paddy appearing to have 
higher correlations(r = 0.7) (Moon et al., 2024). 
Region II was excluded from the analysis because 
sufficient observation data was not available and 
relatively lower XCH4 (mountainous region). 

Spatial correlations with rice paddy 

Among the four emissions, the rice paddy 
showed generally higher spatial correlation with 
methane concentration, indicating positive 
correlations in the five high-concentration areas 
with large paddy fields (Fig. 5c). The southern 
parts of region I showed a high correlation, as it 
included many areas with large paddy field 
areas, including the 11th (Hwaseong-si, 32, r = 
0.70) and 13th (Pyeongtaek-si, 15) largest rice 
paddy fields in the country, as well as other 
areas with large paddy fields (29, 36, etc.). 

Northwestern region III also showed positive 
correlations as it included areas with the largest 
and third-largest paddy fields in the country. 
The area with the highest correlation (r = 0.54) 
was located in the northeast region III (Cheonan-si, 
69), which also showed correlations with other 
sectors such as livestock and fossil fuels. 

In the northwest region V, high correlations 
were observed in areas with active rice farming 
(Sangju-si, 127). In the western region (VI), 
large agricultural land areas also showed high 
positive correlations, with the highest 
correlation (r = 0.51) observed in the Jeonju-si 
(84). In Region VII, high correlations were 
observed due to the influence of large rice paddy 
fields in the south, with the highest correlation (r 
= 0.75) observed in the southernmost region 
Wando-gun (117). 

Spatial correlations with livestock 

The correlation analysis between XCH4 and 

the livestock sector showed a similar spatial 

distribution to those of the rice paddy sector, and 

positive correlations were observed with some 

high-concentration areas (Fig. 5d). In the southern  

https://link.springer.com/article/10.1007/s10661-024-12449-w#Fig6
https://link.springer.com/article/10.1007/s10661-024-12449-w#Fig6
https://link.springer.com/article/10.1007/s10661-024-12449-w#Fig6
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Fig. 5. a The distributions of annual average concentrations of XCH4 (August 2019–July 2020) in 

South Korea. b The locations and numbers of 8 provinces in South Korea. c The spatial 

correlation between XCH4 and rice paddy, d the same with livestock industries, e same 

with fossil fuel uses, and f the same with landfills.  

Source : Moon et al. (2024). 

https://link.springer.com/article/10.1007/s10661-024-12449-w/figures/6
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parts of Region I, a high correlation was observed 

in the Anseong-si (30) (r = 0.55), which has the 

second highest number of livestock households 

and ammonia emissions from manures in the 

country, and adjacent area Icheon-si (29) has the 

4
th
 highest ammonia emissions. 

In central Region III, a positive correlation 

was observed near Yesan-gun (82) (r=0.36) and 

the adjacent region Hongseong-gun (81), where 

has the highest ammonia emissions and the fifth 

highest number of livestock farms in the 

country. 

In Region IV, a positive correlation was 

observed due to the influence of methane 

emissions from Cheonan-si (69) (r=0.55), which 

has many livestock farms. The higher correlations 

were observed in Gimcheon-si (122) in region 

V, Wanju-gun (90) in region VI, and Wando-

gun (117) (r = 0.89) in region VII, where the 

region’s main industry includes livestock and 

rice farming. Table S-4 summarizes the correlation 

coefficients between the livestock fields and 

methane concentrations. 

Spatial correlations with fossil fuel use (oil 

and gas) 

The spatial correlation analysis between fossil 

fuel consumption and XCH4 showed different 

spatial characteristics from rice paddies and 

livestock fields, and positive correlations were 

observed in some parts of high-concentration 

areas (Fig. 5e). 

In Region I, higher correlations were found 

in the northern region with high energy 

consumption in Paju-si (28) and in the central-

western region with high energy consumption in 

the transportation sector in Namyangju-si (21) (r 

= 0.71). In the southern part of Region I, 

positive correlations were observed in the 

vicinity of Hwaseong-si (32) and adjacent 

Pyeongtaek-si (15) (r = 0.50), where there is a 

high energy use in transportation. 

High correlations were also observed in the 

northern part of Region III, including Cheonan-

si (69) with higher vehicular traffic volume, and 

Cheongju-si (98) nearby (r = 0.57). In the 

southwest part of region V, positive correlations 

seem to be influenced by the large city (Daegu, 

3) (r = 0.64) and adjacent Gumi-si (124), where 

industrial complexes are located. 

In the northwest part of region VI, Gunsan-si 

(85) showed a higher positive correlation due to 

the higher energy consumption of shipping 

operations in Gunsan harbor (r = 0.63). A high 

correlation was also observed in the Yeosu-si 

(99) (r = 0.77), where the largest petrochemical 

complex in Korea is located, and in the eastern 

part of region VIII, a clear positive correlation 

was observed in the Ulsan-si (6) (r = 0.77) 

where industrial complexes including 

steelmaking and chemical plants are located.  

Spatial correlations with landfills (wastes) 

The spatial correlations of landfills with 
XCH4 showed a distribution similar to that of 
fossil fuel use, and higher positive correlations 
were observed in some of the hot spots (Fig. 5f). 
In the northwestern part of region III, the higher 
correlation was observed near the area Dangjin-
si (76) (r = 0.50) where self-landfill sites for 
large power generation facilities are located, and 
in Cheongju-si (58) in region IV, where an 
industrial complex is located with a large 
amount of landfill, showing positive correlations 
(r = 0.48). 

In the southwestern part of region III and 
northwestern part of region VI, high correlations 
were observed near areas Boryeong-si (71) and 
Gunsan-si (85), where large-scale national coal-
fired power plants are located (r = 0.50, 0.62, 
respectively). 

In Yeosu-si (99), particularly higher 
correlations (r = 0.77) were shown due to the 
influence of 12 landfill sites located near 
industrial complexes. In the southern part of 
region VIII, higher positive correlations were 
observed in Changwon-si (143) and Pohang-si 
(120) in the eastern region (r = 0.53, 0.66, 
respectively), where local government landfill 
facilities, industrial complexes’ landfill sites, 
and final waste treatment facilities all exist, and 
also in Busan (2), the largest city in the 
southeastern Korea where local government 
landfill facilities and final waste treatment 
facilities are located.  

Overall Summary of the Spatial 

Correlations Over Higher XCH4: Source 

Identification of CH4 hot Spots in South 

Korea 

In order to examine the main sources of 

higher methane concentrations in Korea, a 

https://link.springer.com/article/10.1007/s10661-024-12449-w#MOESM1
https://link.springer.com/article/10.1007/s10661-024-12449-w#Fig6
https://link.springer.com/article/10.1007/s10661-024-12449-w#Fig6
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spatial correlation analysis was performed using 

TROPOMI XCH4 data and methane emissions 

data from four sectors (rice paddy, livestock 

industry, fossil fuel use, and waste landfill). To 

summarize the results, Fig. 4 shows the higher 

methane concentrations with the descriptions of 

their contributing sources below. 

In the capital city of Seoul (region I in Fig. 
5b), there were no clear correlations between any 

of the four emissions. In contrast, the southern 

part of region I (Hwaseong-si, 32) showed higher 

concentrations of methane due to the complex 

effect of rice paddy, livestock, and fossil fuel 

with the strongest correlation (r = 0.70) found in 

rice paddies. Area 32 and its surrounding areas 

are characterized by high amounts of both rice 

cultivation (12,156 ha) and fossil fuel use in 

industrial complexes (14,8 92 kg/year), indicating 

that the higher methane concentrations were 

caused by a combination of effects from the 

multiple emissions. 

Dangjin-si (76) has the largest industrial 

complex in Korea and also the largest rice 

cultivation area (19,120 ha), and also includes a 

self-disposal facility for thermal power plants. 

Therefore, it is believed that the higher methane 

concentrations in this area were caused by 

emissions from rice paddy and landfills. 

Boryeong-si (71) showed a weak correlation 

with fossil fuels and the highest correlation with 

landfills. Higher XCH4 in Boryeong-si is 

explained possibly due to the waste disposal and 

power generation facility. 

The inland area of Cheonan-si (69) showed 

positive correlations with all four emissions. 

Gunsan-si (85), which is a port area, showed 

positive correlations with two emissions: fossil 

fuel use and landfills. This area has a large 

amount of fossil fuel usage (8453 kg/year) related 

to port facilities and energy transportation, and 

landfill facilities to handle waste generated in 

national industrial complexes, which contributes 

to higher methane concentrations. 

Gimje-si (89), which has a large cultivated 

land area, showed positive correlations with all 

four emissions, but the large rice cultivation area 

(15,981 ha) appeared to contribute the most to 

higher methane concentrations. 

Gumi-si (124) in the eastern inland and the 

Daegu (3) showed higher correlations with two 

emissions: fossil fuel use and landfills. As many 

industrial complexes are located, it has a large 

amount of fossil fuel usage (9242 kg/year, 5041 

kg/year, respectively) and a large amount of 

landfill (387,445 kg/year, 30,056 kg/year, 

respectively) for waste generated in industrial 

complexes, which is related to higher methane 

concentrations. 

Pohang-si (120) on the southeast coast 

showed positive correlations in three emissions: 

rice paddy, livestock industry, and landfills. The 

positive correlations between rice paddy and the 

livestock industry are estimated to be influenced 

by the neighboring Gyeongju-si (121), while the 

positive correlation in the landfill area is likely 

due to a large amount of landfill (421, 097 

kg/year) from landfill facilities that handle waste 

from the largest domestic steel industrial 

complex in the region. Unlike other industrial 

complexes, the correlation due to fossil fuel use 

was lower, which is likely due to the 

characteristics of the steel industry that uses coal 

as its main energy source, which was not 

included in this study. 

Ulsan (6), an industrial complex near the 

coast, showed positive correlations with all four 

emissions, and in particular, the amount of fossil 

fuel usage (117,570 kg/year) used in the 

petrochemical complex appeared to contribute 

the most to high methane concentrations. 

Changwon-si (143), including a southern 

industrial complex, showed positive correlations 

in fossil fuel use and landfills. It is estimated 

that a large amount of fossil fuel usage (15,160 

kg/year) and the landfill (216,691 kg/year) 

generated by the large industrial complex 

contribute to high methane concentrations, and it 

is also adjacent to the Busan (2), which is home 

to the largest port in the country and can also 

contribute the high XCH4.Yeosu-si (99), the 

largest petrochemical complex in Korea, showed 

positive correlations with fossil fuel use and 

landfills. The fossil fuel usage (131,844 kg/year) 

and landfill amount (569,095 kg/year) generated 

from the petrochemical complex can contribute 

to the higher methane. The southwest region 

(Haenam-gun, 111) showed positive correlations 

with all four emissions, especially in the rice 

https://link.springer.com/article/10.1007/s10661-024-12449-w#Fig4
https://link.springer.com/article/10.1007/s10661-024-12449-w#Fig6
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paddies and livestock industry. The III region is 

known to have the second largest cultivating 

area (18,467 ha) in Korea. Additionally, it is 

explained that the higher XCH4 can be 

influenced by the nearby areas with extensive 

tidelands (VII area, where 42.5% of Korea’s 

tidelands are located (KOSIS, 2018). 

Conclusions  

The GHG emissions were calculated in this 

study, they calculated the GHG emissions from 

2000 to 2021 by focusing on the amount of 

disposal waste (or non-recyclables) in MSW 

treated by incineration in Seoul. The trend of 

GHG by incineration has continued to increase 

over time. The GHG emissions in 2021 were 

more than 7.3 times higher than those in 2000. 

The increase in GHG emissions is largely due to 

an increase in the amount of MSWI, especially 

plastic waste. Plastic waste consisted of 25% of 

MSWI, but the GHG emissions accounted for 

92% of the total. For 2040, the amount of MSWI 

was 1676 tons/day, and GHG emissions were 

389 kt CO2 eq/yr, all of which decreased by 

53% compared to the BAU scenario. This might 

be attributed to reducing MSW generation and 

increasing recycling rates, resulting in reduced 

GHG emissions. Net GHG emissions from 

MSWI have been increasing since 2005, with an 

increase of 2.9 times in 2021 compared to 2005. 

All scenarios’ net GHG emissions showed 

positive values, as the GHG emissions were 

greater than the GHG reductions.  

It is expected that GHG emissions in 2050 

are about 12.0 Tg CO2eq, which is 17% less 

than those in 2010.In order to reduce GHG 

emissions from MSWI, the first viable option is 

to reduce the MSW generation by households by 

implementing more strengthened measures (e.g., 

disposal fee increase, incentives for consumers 

to reuse). The second option is to establish 

material recovery facilities for resource recovery 

by diverting the waste from landfilling and 

incineration. During the recovery processes, 

plastic materials and other recyclable materials 

can be recovered for recycling. In the long term, 

GHG emissions could be reduced if CO2 from 

incineration is captured through CCUS (Carbon 

Capture Utilization and Storage) technology in 

the future, along with technical developments. 

It is expected that Seoul’s MSWI will 

increase over the next few years. In particular, 

increased plastic consumption in households 

may be inevitable, resulting in an increase in 

GHG emissions by incineration if plastics are 

not reduced and recycled Thus, it is urgent for 

actions and measures to reduce the plastic waste 

in MSWI in Seoul by considering the adoption 

of a landfill ban policy by 2026. The results of 

this study can be used as climate change 

mitigation measures and responses for reducing 

GHG emissions from waste sectors in Seoul and 

other megacities in many countries. 

By utilizing the methane emission indicators 

prepared here and analyzing spatial correlations 

at a high resolution of 10 km, we found distinct 

differences in the sources of higher methane 

concentrations in terms of their distributions in 

South Korea: (1) fossil fuel use and landfill sites 

and (2) rice farming, and livestock areas with 

some regions with multiple emissions. 

Furthermore, the application of refined national 

statistical data in examining spatial correlations 

with satellite observations has been instrumental 

in identifying the causes of elevated methane 

concentrations in various areas. This approach 

holds significant potential to contribute to the 

enhancement of South Korea’s official methane 

emission inventory, which currently does not 

have detailed spatial information, also 

addressing challenges that global methane 

inventories cannot resolve. 

Finally, the spatial correlation analysis with 

satellite data conducted in this study proves 

highly useful in understanding and validating 

national methane emission information. This is 

particularly beneficial in cases like Korea, where 

spatial information on methane emissions is 

limited or where there is a high likelihood of 

unidentified emission sources. 
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 ِصش  – جبِعخ اٌضلبص٠ك –س٠ٛ١خ اٌع١ٍبو١ٍخ اٌذساسبد ا٢ -لسُ اٌّٛاسد اٌطج١ع١خ  -1

 ِصش –اٌج١ضح  –ِشوض اٌجحٛس اٌضساع١خ  -2

ِٓ خلاي اٌزشو١ض عٍٝ و١ّخ ٔفب٠ابد   2221ئٌٝ عبَ  2222حسبة أجعبصبد اٌؽبصاد اٌذف١ئخ ِٓ عبَ رُ فٟ ٘زٖ اٌذساسخ، 

خ اٌصٍجخ اٌّعبٌجخ عٓ طش٠ك اٌحشق فٟ س١ٛي. اسازّش ارجابٖ   اٌزخٍص ِٕٙب )أٚ ؼ١ش اٌمبثٍخ لإعبدح اٌزذ٠ٚش( فٟ إٌفب٠بد اٌجٍذ٠

أعٍٝ ثأوضش ِٓ  2221ؼبصاد اٌذف١ئخ عٓ طش٠ك اٌحشق فٟ اٌض٠بدح ِع ِشٚس اٌٛلذ. وبٔذ أجعبصبد اٌؽبصاد اٌذف١ئخ فٟ عبَ 

، MSWI ص٠بدح و١ّاخ . ٚرشجع اٌض٠بدح فٟ أجعبصبد اٌؽبصاد اٌذف١ئخ ئٌٝ حذ وج١ش ئٌٝ 2222ِشح ِّب وبٔذ ع١ٍٗ فٟ عبَ  7.3

، ٌىاآ أجعبصاابد اٌؽاابصاد اٌذف١ئااخ رّضااً MSWI % ِاا25ٓٚخبصااخ إٌفب٠اابد اٌجلاسااز١ى١خ. ٚرزىااْٛ إٌفب٠اابد اٌجلاسااز١ى١خ ِاآ 

 389طًٕب فٟ ا١ٌَٛ، ٚثٍؽاذ أجعبصابد اٌؽابصاد اٌذف١ئاخ      MSWI 1676 ، ثٍؽذ و١ّخ2242% ِٓ الإجّبٌٟ. ثبٌٕسجخ ٌعبَ 92

% ِمبسٔخ ثس١ٕبس٠ٛ اٌعّاً اٌّعزابد. ٚلاذ ٠عاضٜ     53اٌىشثْٛ س٠ًٕٛب، ٚأخفضذ ج١ّعٙب ثٕسجخ  و١ٍٛ طٓ ِٓ ِىبفئ صبٟٔ أوس١ذ

رٌه ئٌٝ رم١ًٍ ر١ٌٛذ إٌفب٠بد اٌجٍذ٠خ اٌصٍجخ ٚص٠ابدح ِعاذ د ئعابدح اٌزاذ٠ٚش، ِّاب ٠اإدٞ ئٌاٝ رم١ٍاً أجعبصابد اٌؽابصاد اٌذف١ئاخ.            

ِمبسٔاخ ثعابَ    2221ِاشح فاٟ عابَ     2.9، ِع ص٠بدح لذس٘ب 2225ِٕز عبَ  MSWI ٠زضا٠ذ صبفٟ أجعبصبد اٌؽبصاد اٌذف١ئخ ِٓ

ًّاب ئ٠جبث١اخ، ح١اش وبٔاذ أجعبصابد اٌؽابصاد اٌذف١ئاخ        2225 . ٚأظٙشد صبفٟ أجعبصبد اٌؽبصاد اٌذف١ئخ ٌج١ّع اٌس١ٕبس٠ٛ٘بد ل١

ر١شا جشاَ ِآ   12.2حٛاٌٟ  2252ِٓ اٌّزٛلع أْ رجٍػ أجعبصبد ؼبصاد اٌذف١ئخ فٟ عبَ  .أوجش ِٓ رخف١ضبد اٌؽبصاد اٌذف١ئخ

. ِٚآ أجاً رم١ٍاً أجعبصابد ؼابصاد      2212% عآ رٍاه اٌّٛجاٛدح فاٟ عابَ      17ِىبفئ صبٟٔ أوسا١ذ اٌىشثاْٛ، ٚ٘اٛ ألاً ثٕساجخ      

، فاْ اٌخ١بس الأٚي اٌمبثً ٌٍزطج١ك ٘ٛ رم١ًٍ ر١ٌٛذ إٌفب٠بد اٌجٍذ٠خ اٌصٍجخ ثٛاساطخ الأساش ِآ خالاي رٕف١از      MSWI اٌذف١ئخ ِٓ

ضصح )عٍاٝ ساج١ً اٌّضابي، ص٠ابدح سساَٛ اٌازخٍص، ٚحاٛافض ٌٍّسازٍٙى١ٓ لإعابدح ا سازخذاَ(. ٚاٌخ١ابس            اٌّض٠ذ ِآ اٌزاذاث١ش اٌّعا   

اٌضبٟٔ ٘ٛ ئٔشبء ِشافك  سزعبدح اٌّٛاد ِٓ أجاً اسازعبدح اٌّاٛاسد عآ طش٠اك رح٠ٛاً إٌفب٠ابد ِآ ِاذافٓ إٌفب٠ابد ٚاٌحاشق.            

ب ِآ اٌّاٛاد اٌمبثٍاخ لإعابدح اٌزاذ٠ٚش لإعابدح راذ٠ٚش٘ب. ٚفاٟ         خلاي ع١ٍّبد ا سزشداد، ٠ّىٓ اسزعبدح اٌّٛاد اٌجلاسز١ى١خ ٚؼ١ش٘ا 

الأِذ اٌجع١ذ، ِٓ اٌّّىٓ خفض أجعبصبد اٌؽبصاد اٌذف١ئخ ئرا رُ احزجابص صابٟٔ أوسا١ذ اٌىشثاْٛ إٌابرح عآ حاشق اٌىشثاْٛ ِآ          

ٓ اٌّزٛلاع أْ ٠شرفاع   ِٚا  .خلاي رىٌٕٛٛج١ب احزجبص اٌىشثْٛ ٚاسزخذاِٗ ٚرخض٠ٕاٗ فاٟ اٌّسازمجً، ئٌاٝ جبٔات اٌزطاٛساد اٌزم١ٕاخ       

فاٟ سا١ٛي خالاي اٌسإٛاد اٌم١ٍٍاخ اٌّمجٍاخ. عٍاٝ ٚجاٗ اٌخصاٛن، لاذ ٠ىاْٛ ص٠ابدح اسازٙلان اٌجلاساز١ه فاٟ                 MSWI ِإشاش 

إٌّاابصي أِااشًا   ِفااش ِٕااٗ، ِّااب ٠ااإدٞ ئٌااٝ ص٠اابدح فااٟ أجعبصاابد ؼاابصاد اٌذف١ئااخ عاآ طش٠ااك اٌحااشق ئرا ٌااُ ٠اازُ رم١ٍااً اٌّااٛاد      

  ٚ ٟ           اٌجلاسز١ى١خ ٚئعابدح راذ٠ٚش٘ب.  فاٟ   MSWI ثبٌزابٌٟ، فّآ اٌٍّات ارخابر ئجاشاءاد ٚراذاث١ش ٌٍحاذ ِآ إٌفب٠ابد اٌجلاساز١ى١خ فا

. ٠ّٚىاآ اساازخذاَ ٔزااب ح ٘اازٖ اٌذساسااخ 2226ساا١ٛي ِاآ خاالاي إٌاااش فااٟ اعزّاابد ٌس١بسااخ حاااش ِااذافٓ إٌفب٠اابد ثحٍااٛي عاابَ 

ِاآ لطبعاابد إٌفب٠اابد فااٟ ساا١ٛي ٚاٌّااذْ وزااذاث١ش ٌٍزخف١اا  ِاآ رؽ١ااش إٌّاابت ٚاساازجبثبد ٌٍحااذ ِاآ أجعبصاابد ؼاابصاد اٌذف١ئااخ  

ِٓ خلاي اسزخذاَ ِإششاد أجعابس ا١ٌّضابْ اٌّعاذح ٕ٘اب ٚرح١ٍاً ا سرجبطابد اٌّىب١ٔاخ         .اٌىجشٜ الأخشٜ فٟ اٌعذ٠ذ ِٓ اٌجٍذاْ

وُ، ٚجذٔب اخزلافبد ٚاضحخ فٟ ِصبدس رشو١ضاد ا١ٌّضبْ الأعٍٝ ِٓ ح١ش رٛص٠عٙب فٟ وٛس٠ب اٌجٕٛث١خ:  12ثذلخ عب١ٌخ رجٍػ 

( صساعخ الأسص، ِٕٚبطك رشث١خ اٌّبش١خ ِاع ٚجاٛد ثعاض إٌّابطك     2( اسزخذاَ اٌٛلٛد الأحفٛسٞ ِٚٛالع دفٓ إٌفب٠بد ٚ )1)

راد أجعبصبد ِزعذدح. علاٚح عٍٝ رٌه، فاْ رطج١ك اٌج١بٔبد الإحصب ١خ اٌٛط١ٕخ إٌّمحاخ فاٟ دساساخ ا سرجبطابد اٌّىب١ٔاخ ِاع       

بْ ٌاٗ دٚس فعابي فاٟ رحذ٠اذ أساجبة اسرفابز رشو١اضاد ا١ٌّضابْ فاٟ ِٕابطك ِخزٍفاخ.            ع١ٍّبد اٌشصذ عجاش الألّابس اٌصإبع١خ وا    

٠ٕٚطٛٞ ٘زا إٌٙح عٍٝ ئِىبٔبد وج١شح ٌٍّسبّ٘خ فٟ رعض٠ض اٌّخضْٚ اٌشسّٟ  ٔجعبصبد ا١ٌّضبْ فٟ وٛس٠اب اٌجٕٛث١اخ، ٚاٌازٞ    

أخ١اشًا،   .لٛا ُ اٌجشد اٌعب١ٌّخ ١ٌٍّضبْ حٍٙاب   ٠حزٛٞ حب١ٌب عٍٝ ِعٍِٛبد ِىب١ٔخ ِفصٍخ، وّب ٠عبٌح اٌزحذ٠بد اٌزٟ   رسزط١ع 

أصجذ رح١ًٍ ا سرجبط اٌّىبٟٔ ِع ث١بٔبد الألّبس اٌصٕبع١خ اٌزٞ رُ ئجشاؤٖ فٟ ٘زٖ اٌذساسخ أٔٗ ِف١ذ ٌٍؽب٠خ فٟ فُٙ اٌّعٍِٛابد  

                ّ عٍِٛاابد اٌٛط١ٕاخ  ٔجعبصابد ا١ٌّضابْ ٚاٌزحماك ِآ صاحزٙب. ٚ٘ازا ِف١اذ ثشاىً خابن فاٟ حاب د ِضاً وٛس٠اب، ح١اش رىاْٛ اٌ

  .اٌّىب١ٔخ حٛي أجعبصبد ؼبص ا١ٌّضبْ ِحذٚدح أٚ ح١ش ٠ىْٛ ٕ٘بن احزّبي وج١ش ثٛجٛد ِصبدس أجعبصبد ؼ١ش ِحذدح

 ـــــــــــــــــــــــــــ

 ن:وانمحكمـــــ

 جبِعخ اٌضلبص٠ك. –و١ٍخ اٌضساعخ  –أسزبر ا١ٌّىشٚث١ٌٛٛج١ب اٌضساع١خ اٌّزفشغ   أ.د. جمبل اندٌه مصطفى محمد -1

 جبِعخ اٌضلبص٠ك. -و١ٍخ اٌضساعخ  -أسزبر ا لزصبد اٌضساعٟ   أحمــــد فـــــوزي حـــبمــــدأ.د.  -2


