Ⅲ Inventory of Greenhouse Gas Emissions and Removalstc "Ⅲ Inventory of Greenhouse Gas Emissions and Removals"
This inventory of greenhouse gas emissions and removals in Korea is based on IPCC guidelines
 with a base year of 1990. It covers direct greenhouse gases (CO2, CH4, and N2O) as well as indirect greenhouse gases (NOx, CO, and NMVOC). This chapter provides annual estimates of CO2 emissions from fossil fuel combustion between 1991 and 1995. 

1. Methods for Inventoriestc "1. Methods for Inventories"
1.1 Overviewtc "1.1 Overview"
The emissions and removals of greenhouse gases presented herein are based on "IPCC Guidelines for National Greenhouse Gas Inventories" (UNEP/OECD/IEA/IPCC, 1995). However, a non-IPCC methodology was used to calculate methane emissions from rice fields and livestock in the agriculture sector. Emissions from international activities including air and marine transportation are listed separately as "international bunkering." 

1.2 Greenhouse Gas Coverage and Base Yeartc "1.2 Greenhouse Gas Coverage and Base Year"
Six greenhouse gases are covered: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), nitrogen oxides (NOx), carbon monoxide (CO), and non-methane volatile organic compounds (NMVOCs). Non-CO2 greenhouse gas emissions in the energy-related sector are calculated based on 1989 census data. CO2 emissions from fossil fuel combustion are provided for the period between 1991 and 1995.

1.3 Classification of Sectorstc "1.3 Classification of Sectors"
The major sectors to be addressed are the energy, industrial processes, agriculture, waste management, forestry, and land use sectors. For each sector inventories of CO2, CH4, N2O, and other gases are separately listed as well as CO2 sinks. The energy sector consists of combustion and non-combustion sub-sectors. 

1.4. International Bunkering and Biomasstc "1.4. International Bunkering and Biomass"
International bunkering is reported separately and not included in domestic totals. CO2 emissions from biomass are assumed to be zero in accordance with the sustainable growth assumption.

1.5 Accuracy of Emissions Datatc "1.5 Accuracy of Emissions Data"
The reliability of the emissions inventory depends on input statistics and inventory methodologies. When input statistics are insufficient or emission factors are not suitable for existing data, the reliability is somewhat degraded.

The CO2 emissions inventory from energy consumption is relatively reliable as energy consumption data has been well established since the end of the 1960's. Its reliability has been enhanced by the 1978 establishment of the Ministry of Energy and Resources, which is now a part of the Ministry of Trade, Industry and Energy.

Korea's Yearbook of Energy Statistics is the major source of data. It records not only the amount of energy consumption by sector but also the electricity sector by source.  However, detailed, industry specific data on end-user energy consumption is not available nor is data on energy consumption by type of appliance and equipment. 

The non-CO2 emissions inventory from energy consumption is not as reliable as other statistics because IPCC emission factors are not suitable for the currently available data.  To apply the IPCC non-CO2 emission factors requires final energy consumption data by sector as well as by end-user, but there is no data satisfying such requirements at the moment. The best available data is from Korea's "Energy Census" which has been conducted once every three years. In order to produce the most reliable non-CO2 emissions inventory of residential and commercial, and public sectors the data from "Energy Census, '89" has been utilized.

The reliability of the non-CO2 emissions inventory of other sectors including agriculture, forestry, waste management and industrial processes is significantly hampered by the lack of accumulated input data. To make the emissions inventory for these sectors more reliable in the future, the Korean Government will take measures to modify ways to collect, process, and report the necessary inventory data.

2. Overview of Emissions and Removals of Greenhouse Gasestc "2. Overview of Emissions and Removals of Greenhouse Gases"
2.1 Overview of Greenhouse Gas Emissions and Removalstc "2.1 Overview of Greenhouse Gas Emissions and Removals"
Table 3-1 shows greenhouse gas emissions and removals for 1990. Although it provides a full account of CO2 and non-CO2 emissions in the energy sector, the table does not cover a significant portion of other sectors which do not have relevant data available. For the next National Communication, the Korean Government will make efforts to refine and provide an emissions inventory for sectors which are not covered in this report. 

Category
CO2
CH4
N2O
NOx
CO
NMVOCs

Net Emissions
230,278
1,362
12
851
1,056
152

1. Energy-Related Emissions
238,990
264
11
851
1,056
152

A. Fuel Combustion
238,990
17
11
851
1,056
152

1. Energy Transformation

2. Industry

3. Transport

4. Residential and Commercial1)
5. Public and Other 2)
6. Biomass Burning
37,934

87,282

42,198

64,592

6,985

-
0.3

1

6

7

0.5

2
2

2

2

3

4

0.02
193

135

401

105

16

0.6
7

25

600

364

39

20
N.A.

N.A.

152

N.A.

N.A.

N.A.

  B. Fugitive Fuel Emissions
-
246
-
-
-
-

1. Coal Mining

2. Oil and Gas Systems
-

-
230

16
-

-
-

-
-

-
-

-

2. Industrial Processes
17,512
5
-
-
-
-

A. Cement Industry

B. Limestone and Dolomite Use

C. Soda Ash Use

D. Chemical Industry
14,841

2,459

  212

-
-

-

-

5
-

-

-

-
-

-

-

-
-

-

-

-
-

-

-

-

3. Agriculture
-
599
1
-
-
-

A. Rice Fields

B. Enteric Fermentation

C. Animal Excrement

D. Nitrogen Fertilizers
-

-

-

-
414

144

41

-
-

-

-

1
-

-

-

-
-

-

-

-
-

-

-

-

4. Waste Management
11
495
-
-
-
-

A. Waste Incineration

B. Landfills

C. Household Wastewater

D. Industry Wastewater
11

-

-

-
-

200

21

274
-

-

-

-
-

-

-

-
-

-

-

-
-

-

-

-

5. Total
256,513






6. Removals (Managed Forest)
­26,235
-
-
-
-
-

7. International Bunkering
7,140
-
-
-
-
-

< Table 3-1 > Greenhouse Gas Emissions/Removals in Korea (1990)          (unit : Gg)

      Note: 1) non-CO emissions are those from residential and commercial sectors in 1989


       2) non-CO2 emissions are those from public and other sectors in 1989

2.2 Global Warming Potential (GWP)tc "2.2 Global Warming Potential (GWP)"
Table 3-2 shows the result of GWP for direct greenhouse gas emissions with a 100-year time horizon, which was calculated in accordance with the IPCC guidelines. It indicates that CO2 emissions have the largest share of GWP, 87.7%, followed by methane and nitrous oxide. 


Emissions(Gg)
GWP Index
GWP
Share (%)

Carbon Dioxide (CO2)

Methane (CH4)

Nitrous Oxide (N2O)
230,278

1,362

12
1

21

310
230,278

28,602

3,720
87.7

10.9

1.4

Total

262,600
100.0

< Table 3-2 >  GWP of direct GHGs with 100-year time horizon.

   






           (unit: Gg-CO2)

      Source : Korea Energy Economics Institute 

3. Carbon Dioxide (CO2)tc "3. Carbon Dioxide (CO2)"
3.1. Overview tc "3.1. Overview "
Carbon dioxide emissions are mainly from fossil fuel combustion, industrial processes and waste management, and their major sinks are forests. However, CO2 emissions from this source are not considered as there is no significant land use change in Korea. 

The net CO2 emissions in Korea for 1990 were 230,278 Gg (equivalent to 62.8 MtC), while total emissions were 256,513 Gg and forest net removals 26,235 Gg, 10% of total emissions. International bunkering of 7,140 Gg is not included in the net emissions calculation.

3.2.  Energy Sectortc "3.2.  Energy Sector"
In 1990, CO2 emissions from fossil fuel combustion reached 238,990 Gg.  The energy sector, the primary fossil fuel combustion sector, consists of industry, transport, residential and commercial, public, and energy transformation sub-sectors. The energy transformation sub-sector incorporates electric power generation. This sub-sector separately includes CO2 emissions from electricity consumption in industry, transport, residential and commercial and public sectors. 

CO2 emissions from fossil fuel combustion in the industry sub-sector had the largest share, accounting for 37% of total CO2 emissions. The combined total of emissions from residential and commercial sub-sectors was the second largest with a share of 27%, followed by 18% in the transportation sub-sector, 3% in public sub-sector, and 16% in energy transformation sub-sector.

3.3. Industrial Process and Waste Management Sectorstc "3.3. Industrial Process and Waste Management Sectors"
Carbon Dioxide emissions data are not readily available for all sub-sectors, but are available for some individual industries. Cement production is the main source of CO2 emissions, with total emissions amounting to 14,841 Gg in 1990. There are two processes emitting CO2  in cement production: one is the soda ash utilization process and the other is the limestone and dolomite utilization process. CO2 emissions from the soda ash utilization process were 212 Gg, and those from limestone & dolomite use 2,459 Gg.  In addition, CO2 emissions from waste incineration in the waste management sector were 11 Gg. The next National Communication will cover more industries for the calculation of CO2 emissions.

3.4.  Removals of Carbon Dioxide tc "3.4.  Removals of Carbon Dioxide "
Land use change is not significant in the forestry sector in Korea and less than 10,000 ha per year has been converted to other uses. Thus, the change in greenhouse gas emissions by land use change was not calculated. As a result, the net CO2 removals by forests are determined from differences between "total sinks from tree growth" and "total emissions from harvests." 

Total carbon dioxide removals by forests in 1990 were 29,073 Gg, while CO2 emissions by harvest were 2,838 Gg. Net CO2 removals by forests were 26,235 Gg).

Categories
Annual Carbon Emissions and Removal

( kTC )
Annual CO2 Emissions and Removal

( Gg )


A
B=(A*44/12)

Emission Removal

Emission by Harvest
7,929

 774
29,073

2,838

Net Removal
7,155
26,235

< Table 3-3 >  Annual Carbon Dioxide Removal by Forests (1990)

      Source : Korean Forestry and Greenhouse Gases, 1996, Forestry Research Institute

3.5. Trend of C02 Emissions from Fossil Fuel Combustion (1990-1995) tc "3.5. Trend of C02 Emissions from Fossil Fuel Combustion (1990-1995) "
Table 3.4 shows that CO2 emissions from fossil fuel combustion increased at an annual rate of 9.4% from 1991-1995. For the same period, CO2 emissions from electricity generation had the highest annual average growth rate of 17.9%. Those from transportation, industry, and residential and commercial increased annually at 13.9%, 8.8%, and 1.4%, respectively. Emissions from the public and other sectors declined at an annual average rate of 7.9% from 1991 to 1995.


1990
1991
1992
1993
1994
1995
AAGR(%)

(91-95)

Energy Sector
238,990
262,559
285,793
313,986
342,746
374,104
9.4

Energy Transformation

Industry

Transportation

Residential/Commercial

Public and Others
37,934

87,282

42,198

64,592

6,985
44,455

101,317

48,142

61,804

6,841
52,295

110,889

55,206

62,302

5,101
59,688

121,988

62,930

64,389

4,991
76,378

127,703

71,040

62,648

4,977
86,472

132,768

80,868

69,374

4,622
17.9

8.8

13.9

1.4

-7.9

International Bunkering
7,140
9,907
12,527
14,782
16,100
17,899
20.2

< Table 3-4 >  Trend of CO2 Emissions from Fossil Fuel Combustion   







                      (unit : Gg)

      Source : Korea Energy Economics Institute

4. Methane (CH4)tc "4. Methane (CH4)"
Following IPCC guidelines, the sectoral methane emissions calculation takes into account the energy, agricultural, waste management, and industrial process sectors. In the energy sector, methane emissions come from fuel combustion and fugitive processes, in the agriculture sector, from rice fields and livestock, and in the waste management sector, from waste and waste-water treatment. Methane emissions also result from some chemical industry processes. The total amount of methane emissions in Korea for 1990 were 1,362 Gg. Those from the agriculture sector were 599 Gg, 44% of the total, and waste management emissions were 495 Gg, 36% of the total.

The largest single agricultural sub-sector emitting methane in 1990 was rice farming at 414 Gg, 30% of total emissions. Since the methane emission factors differ from region to region, it is necessary to use regional coefficients. Since 1993, the National  Institute of Agricultural Science and Technology has continuously monitored and recorded methane emissions from water management, organic (straw) amendment, rice-based cropping system, and rice cultivation while the National Honam Agricultural Experiment Station and the National Yeoungnam Agricultural Experiment Station have engaged in various researches on emission mitigation methods in paddy fields since 1994. Those researches produced a set of emission factors derived from actual Korean agricultural circumstances.

When both the emission factors from IPCC Guidelines and the Korea-specific emission factors are applied, the amount of methane emissions based on the IPCC Guidelines are larger by 19% than those estimated by applying the Korean factors. Using the Korea-specific factors, the amount of methane emissions in 1990 from rice fields in Korea were 414 Gg.

Methane emissions from livestock have their origins in enteric fermentation of ruminants and  anaerobic decomposition of animal excrement. They also come from various sources including anaerobic decomposition of organic wastes, wastewater management, the anaerobic treatment of wastewater containing organic materials and  fuel combustion processes - though the amount is not significant - when hydrocarbon in fuel is not completely burned. Methane emissions from fermentation of ruminants, animal excrement, and  landfills were calculated based on  IPCC guidelines.   

Water Management Mode
Methane Emission Factors

 (gm-2d-1)
Methane Emissions 

 (CH4 Gg)


IPCC Methodology

(IPCC default value)
Actual Measurement
 IPCC

Methodology
Measurement

 Inference

Continuous flooding (NPK only)
0.391-0.466
0.273
69.63
42.53

Intermittent flooding (Fall amendment of rice straw)
0.234-0.280
0.236
422.99
371.73

Total
-
-
 492.62
414.26

< Table 3-5 >  Methane Emissions from Rice Fields (Comparisons between IPCC Guidelines and Actual Measurement)

Source :  National Institute of Agricultural Science and Technology, 1995

5. Nitrous Oxide (N2O)tc "5. Nitrous Oxide (N2O)"
Nitrous oxide is produced from fuel combustion, use of nitrogen fertilizers, and industrial processes. Industrial processes produce nitrous oxide as a by-product in nitrous acid and adipic acid production. However, N2O emissions from nitrous acid production are not included in this report due to the lack of data as production of nitrous acid only began in 1992.

N2O emissions in 1990 totaled 12.4 Gg, of which 11.4 Gg came from fuel combustion, accounting for 92% of total emissions. Emissions from nitrogen fertilizers were negligible.

6. Other Greenhouse Gasestc "6. Other Greenhouse Gases"
IPCC guidelines provides inventory methodologies for CO, NOx, and NMVOCs as non-CO2 gases. These are indirect climate-related greenhouse gases affecting formulation of ozone, which, in turn, influences the lifetime of greenhouse gases, such as CO2, CH4, and N2O,  in the atmosphere. 

Only CO, NOx, and NMVOC emissions from energy consumption were calculated. Other greenhouse gas emissions in industrial processes, agriculture and the waste management sectors could not be incorporated due to lack of data. Since the calculation of non-CO2 emissions heavily depends on fuel type, combustion technology, vehicle type, heating technology, and boiler technology, their inventory require high precision data. The 1989 energy census data were used to calculate non-CO2 emissions as they are the most reliable and comprehensive available.

NOx emissions from fuel combustion were 851 Gg, CO emissions 1,056 Gg, and NMVOCs emissions 152 Gg. The transport sector emitted 600 Gg of CO, more than half of the total emissions. The residential sector, with small-scale combustion facilities, emitted 364 Gg of CO, or 34% of total emissions. Due to declining coal consumption and wide use of LNG, carbon monoxide emissions from residential and commercial and public sectors are falling. Nitrogen oxide emissions in 1989 amounted to 851 Gg. The transport sector emitted the largest amount of NOx, nearly half of the total. The power and industry sectors rank as the second and third largest sources of NOx emissions.  However, only transportation sector emissions were calculated and they were 152 Gg in 1989. 

�) However, in some cases, an inventory methodology was applied different from that is recommended in IPCC Guidelines. An explanation for the difference in methodologies is given where appropriate.








