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I am pleased to present the First Biennial Update'Report of the Republic of+Korea

under the United Nations Framework Convention on Climate Change (UNFCCC).

Extreme climate changes are already affecting millions of people adversely all over
the world. Decreasing crop yields, rising sea levels, and the depletion of water
resources are urgent problems. Last month, a report from the World Bank, entitled
Turn Down the Heat: Confronting the New Climate Normal, warned that the Earth's
temperature will warm 4°C above pre-industrial levels by the end of this century.
Furthermore, the report stressed that weather extremes and unprecedented heat
waves will become 'the new climate norri, threatening the lives and well-being
of countless individuals all over the world. To achieve global carbon neutrality
between 2055 and 2070 and keep global temperature increases below 2°C, the
United Nations Environment Programme (UNEP) declared in November 2014 that

annual anthropogenic CO; emissions will have to hit net zero on a global scale.

As a part of an international effort to reduce greenhouse gases, the Republic of
Korea has undertaken energetic efforts to do its part in a dawning era of climate
responsibility. In January 2014, Korea published a “Roadmap to Achieve the National
Greenhouse Gas Reduction Target” to strengthen our country’s ability to meet
voluntary national greenhouse gas reduction targets set for 2020. In this regard,
the “"Korean Emissions Trading Scheme” will be implemented as scheduled on
January 1, 2015.
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Last September, as President Park Geunhye mentioned in her keynote speech at
the 69th session of the United Nations General Assembly (UNGA), the Republic
of Korea is developing and promoting technological innovations that will encourage
the growth of new industries, as well as the creation of new jobs as part of a ‘Creative
Economy'. I echo the sentiments of President Park before the UNGA: “Korea views
climate challenge not as a burden, but an opportunity.” We seek to harmonize our
continued economic growth—what is often referred to as Korea's Miracle on the
Han River—with the development of environmental safeguards. Our nation will also
act as a liaison between developed and developing countries and continue to
collaborate with developing nations in their efforts to respond to the challenges
of climate change. To help achieve these important objectives, Korea will widely

share its successful strategies for reducing greenhouse gas.

Korea's First Biennial Update Report details our successes with climate change
mitigation until 2012. Specifically, it describes our national circumstances, national
greenhouse gas inventory, mitigation actions and their effects, as well as our finance,

technology, and capacity building needs and support status.

The environmental challenges before us remind me of an old saying: “The best
thing about the future is that it comes one day at a time.” Through day-by-day
efforts to conserve our environment for future generations, we are taking
responsibility for the present and acting as a leader in the international community

in this all-important struggle.

Thank you.

Yoon Seong-kyu
Minister of Environment
December 2014



EXECUTIVE SUMMARY

The first Biennial Update Report of the Republic of Korea under the United
Nations Framework Convention on Climate Change (UNFCCC) offers new
information on GHG emissions reduction from Korea's Third National
Communication submitted to the UNFCCC in 2012. It reflects Korea's efforts to
reduce Greenhouse Gas (GHG) emissions after the submission of the third
National Communication in 2012 by presenting a Roadmap to Achieve the
National Greenhouse Gas Reduction Target an implementation plan for the

Emissions Trading Scheme, etc.

National Circumstances

In 2012, the total population of Korea was estimated at approximately 50,004
thousand, about 0.7% of the world's total population. This ranked Korea as the
25th most populous country in the world. In coming decades, however, an aging
society is expected to increase the challenges of supporting a growing number
of seniors. The nominal gross domestic product (GDP) of Korea rose by an average
annual rate of 3.62% during the past 3 years, showing a consistent increase in GDP.

Energy consumption, vehicle registration, and waste generation surged as well.

According to the current status of each sector, Korea's primary energy
consumption in 2012 was 278,698 thousand TOE. Coal (38.1%) and oil (29.1%)
represented the two largest shares of total energy consumed. Along with more
cars being used, passenger travel by road accounted for 88.2% of domestic
passenger transport in 2012. Moreover, vehicle registration had increased over
fivefold since 1990, reaching its highest level of 18,870 thousand in 2012. In the
building sector, apartments accounted for 58.5%, the largest share of total
residential housing in 2010. The amount of per capita household waste has

steadily decreased under the influence of the volume-based waste fee system.



However, the total amount of commercial and industrial waste and household

waste has increased continuously.

National Greenhouse Gas Inventory

The National GHG Inventory details national GHG emissions in energy, industrial
processes, agriculture, LULUCF (land use, land-use change and forestry), and waste
sectors in accordance with the Intergovernmental Panel on Climate Change's
Guidelines (IPCC GL) from 1990 to 2012. For quality improvement, deliberation, and
approval of the National GHG Inventory, the Management Committee—chaired by
the Vice-Minister of Environment—was founded. This body includes a Working
Group composed of director-level government officials from relevant ministries

and a Technical Group made up of external experts.

To enhance the transparency and accuracy of the national GHG inventory, Korea
keeps the measurement and verification processes separate while preparing the
national GHG inventory. In the measurement process, relevant ministries review
and submit inventory documents prepared by sectoral agencies to Greenhouse Gas
Inventory Research Center of Korea (GIR). In the verification process, GIR reviews
inventories from each sector and requests additional data and revisions if
necessary before producing a verification report and the draft national inventory.
After technical assessments and deliberations by the Technical Group and the
Working Group, the Management Committee reviews and approves the final draft

of the national GHG inventory.

Total GHG emissions in Korea in 2012 were 688.3 million tons of CO.eq.
(excluding LULUCF). This represented a 132.9% increase from 295.5 million tons
of COzeq. in 1990 and a 0.4% increase from 685.7 million tons of CO.eq. in 2011.
GHG Emission trends from 1990 to 1997 showed an annual increase of over 5%
per year. Emissions in 1998 declined significantly due to the East Asian economic
crisis but grew again thereafter as the regional economy stabilized and
experienced renewed growth. The share of each sector in the total GHG emissions
in 2012 is 87.2% for the energy sector, 7.4% for the industrial processes sector,

3.2% for the agriculture sector, and 2.2% for the waste sector, respectively.



Mitigation Actions and Effects

Korea announced its mid-term national GHG reduction target—30% below its BAU
level by 2020—in November 2009. Since then, the government has determined
reduction targets for each sector and year though a joint task force led by the GIR
and relevant ministries in July 2011. Looking into the emissions pathway by year,
GHG emissions in Korea was expected to reach their peak in 2014 and begin to
decline in 2015. In addition, Korea developed a Roadmap to accomplish national
Greenhouse gas reduction targets in January 2014. This plan offers a realistic and
effective strategy for each sector to enable Korea to reach its national target for
emission reductions. Relevant authorities periodically assess the progress of each
sector in reaching its required goals set by the action plan to ensure Korea's

successful implementation of the Roadmap.

Since 2010, Korea has operated the Greenhouse Gas and Energy Target
Management System (TMS) to manage business entities that are both large GHG
emitters and large energy consumers. As of 2014, Korea designated the
companies that generate GHG emissions of more than 50 thousand tons of
COzeq. and consume over 200 TJ of energy annually—or own the facilities
generating more than 15 thousand tons of CO.eq. and consuming over 80 TJ of
energy annually—as controlled entities. The outcome of the TMS regulation in
2012 led to the emissions reduction of 21.3 million tons of CO.eq. which
accounted for 3.78% of the 2012 total emission projections (563.6 million tons of
COzeq.). This reduction—achieved by 392 of 434 controlled entities (90.3 percent
of the companies)—was 2.7 times the 2012 national reduction target of 7.95
million tons (1.41% of 2012 emission projections). The industries that contributed
most significantly to these emission decreases included petrochemical (6.9 million
tons of COeq. reductions), steel (5.73 million tons of CO.eq. reductions), and
semiconductor/display/electrical & electronic industries (5.3 million tons of COyeq.

reductions).

Furthermore, Korea has actively prepared for the introduction of the Emissions
Trading Scheme as part of its efforts to transition to a low-carbon, highly-efficient
industrial structure while achieving national reduction targets in an economically

feasible manner. In this regard, the Act on Allocation and Trading of Greenhouse



Gas Emissions Allowances and the Enforcement Decree Act were established and
implemented in 2012. These laws created a legal foundation for the
implementation of the Emissions Trading Scheme. In 2014, as related subsidiary
plans were created—such as the Master Plan for the Emissions Trading Scheme
and the PhaseI National Allowances Allocation Plan—the government began
necessary procedures to commence the ETS on January 1, 2015. Amongst business
entities currently under the TMS, those who generate over 125,000 tons of COzeq.
—or own facilities producing over 25,000 tons of CO.eq. on an annual average rate

of 3 years—are subject to the ETS.

Details of the emissions reduction measures in each sector are as follows. In the
energy transformation sector, policies that suppress GHG emissions and treat GHG
already emitted into the atmosphere have been pushed ahead simultaneously. The
former includes the expansion of new & renewable energy resources, while the latter
includes the development of a CO, capture and storage system. In the industry
sector, Korea is managing the entire phase of energy supply and demand planning
including the planning, energy distribution and usage on a national basis—to
regulate its needs in a more effective manner. Additionally, in the building sector,
Korea exerts every effort to improve energy efficiency from the design phase of
buildings to their daily operation. The expansion of public transport infrastructure and
increases in the number of vehicles subject to a fuel economy management system
are key tools for reducing emissions in the transport sector. For the agriculture,
forestry, and fishery sector, mitigation measures—including the development of new
technologies for water management in rice farmlands and the expansion of livestock
manure-to-energy systems—are widely utilized to reduce CHs; emissions. Finally,
Korea endeavors to reduce CO, and CHs emissions in the waste sector by minimizing
municipal and industrial waste by converting them to energy or by reusing landfill

gases.
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Chapter 1. NATIONAL CIRCUMSTANCES

1.1. Government structure

The Republic of Korea is a democratic country with a presidential system of government.
The executive branch led by the president comprises the President’s Office, the
Prime Minister's Office, several independent agencies, and 17 cabinet-level ministries.
The executive branch also includes 16 affiliated agencies under their relevant ministries,
headed by a vice-minister level commissioner. In February 2009, the government
established the Committee on Green Growth to maximize the synergy between
environment and economic growth and achieve a creative economy.

1.2. Population profile

In 2012, the total population of Korea was estimated at approximately 50,004 thousand.
Its population accounted for about 0.7% of the world’s total population of 7,021
million, ranking as the 25th most populous country in the world. The percentage
of working age population (aged between 15 and 64) of the total population will
decrease by 16.3%p from 72.8% (35,983 thousand) in 20101 to 56.5% (28,873 thousand)
in 2040. This will exacerbate the burden of supporting seniors in an aging society
(Table 1.1.).

Table 1.1. Estimates of Korea's Economically Active Population (2010~2040)

(Unit: thousand persons)

2010 2020 2030 2040

Total population 49,410 51,435 52,160 51,091
Population aged 35,983 36,563 32,893 28,873
15 to 64 (72.8%) (71.1%) (63.1%) (56.5%)

Source: Population Forecast by Province: 2010-2040, Statistics Korea, 2012

1) The regular interval of Population and Housing Census changed from 10 years to 5 years.
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1.3. Economic profile

While Korea's average annual growth rate was 4.9% from 1990 to 2012, the country’s
annual economic growth rate (real GDP growth rate) declined by 7%p from 9.3%
in 1990 to 2.3% in 2012. The country’s nominal gross domestic product (GDP) increased
by approximately sevenfold from 191,383 billion KRW in 1990 to 1,377,457 billion
KRW in 2012. During this period, the per capita GDP rose by approximately sixfold
from 4,460 thousand to 27,550 thousand won (Table 1.2.).

Table 1.2. Nominal GDP and Per Capita GDP

GDP Per Capita GDP
(billion Korean Won, nominal) (10 thousand Korean Won per person)
1990 191,383 446
1995 409,654 908
2000 635,185 1,351
2005 919,797 1,911
2010 1,265,308 2,561
2011 1,332,681 2,677
2012 1,377,457 2,755

Source: Bank of Korea’s Economic Statistics System

1.4. Energy

From 1990 to 2012, Korea’'s primary energy consumption increased at an average
annual rate of 5.1%, and the final energy consumption grew at an average annual
rate of 4.7%. In addition, per capita energy consumption rose from 2.17 TOE in
1990 to 5.57 TOE in 2012, and the rate of dependency on imports increased by
8.1%p from 87.9% to 96.0% during the same time period (Table 1.3.).
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Table 1.3. Change in Energy Related Indices
Unit 1990 1995 2000 2005 2010 2011 2012

Primary Energy tho;‘gg”d 93,192 150,437 192,887 228,622 263,805 276,636 278,698
Final Energy tho;‘gg”d 75107 121,962 149852 170,854 195587 205863 208.120
Energy

Consumption TOE 217 3.34 410 4,75 5.34 5.56 5.57
per Capita
Energy

Consumption To'zg}gﬂ?”d 0259 0286 0284 0271 0259 0262 0258
per GDP
Rate of

Dependency on % 87.9 96.8 97.2 96.6 96.5 96.5 96.0
Imports

Source: 2013 Energy Statistics Yearbook, Ministry of Trade, Industry and Energy and Korea Energy Economics Institute, 2013

In terms of energy consumption by source, oil represented the largest share of the
total energy consumed in 2012 at 38.1%, followed by coal at 29.1%, LNG at 18.0%,
and nuclear at 11.4%. The share of oil in overall energy consumption declined
dramatically from 53.8% in 1990 to 38.1% in 2012. At the same time, the share
of LNG rose from 3.2% in 1990 to 18.0% in 2012 (Table 1.4.). This shift in energy
consumption was caused by the enforcement of policies encouraging clean energy,
as well as the implementation of environmental regulations and a decrease in oll
dependency due to high oil prices.

Table 1.4. Primary Energy Consumption by Source
(Unit: thousand TOE)

Fuel

Year Coal Qil LNG Hydro Nuclear Other Total
1990 24,385 50,175 3,023 1,590 13,222 797 93,192
(26.2%) (53.8%) (3.2%) (1.7%) (14.2%) (0.9%) (100%)
1995 28,091 93,955 9,213 1,359 16,757 1,051 150,437
(18.7%) (62.5%) (6.1%) (0.9%) (11.1%) (0.7%) (100%)
2000 42,911 100,279 18,924 1,402 27,241 2,130 192,887
(22.2%) (52.0%) (9.8%) (0.7%) (14.1%) (1.1%) (100%)
2005 54,788 101,526 30,355 1,297 36,695 3,961 228,622
(24.0%) (44.4%) (13.3%) (0.6%) (16.1%) (1.7%) (100%)
2010 77,092 104,301 43,008 1,391 31,948 6,064 263,805
(29.2%) (39.5%) (16.3%) (0.5%) (12.1%) (2.3%) (100%)
2011 83,640 105,146 46,284 1,684 33,265 6,618 276,636
(30.2%) (38.0%) (16.7%) (0.6%) (12.0%) (2.4%) (100%)
2012 80,978 106,165 50,185 1,615 31,719 8,036 278,698

(29.1%) (38.1%) (18.0%) (0.6%) (11.4%) (2.9%) (100%)
Source: 2013 Energy Statistics Yearbook, Ministry of Trade, Industry and Energy and Korea Energy Economics Institute, 2013
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1.5. Transport

According to transport statistics in 2012, travel by road? represented the biggest
share of domestic passenger transport at 88.2%, followed by subway at 8.1%, rail
at 3.9%, aviation at 0.1%, and marine at 0.1% (Table 1.5.). The share of road travel
has gradually declined due to the expansion of urban railway networks and the
five-day workweek. The share of rail and subway travel increased at the same time
because of growing oil prices and the expansion of subway systems.

Table 1.5. Passenger Transport by Mode

(Unit: million passengers, %)

e Year 4990 1995 2000 2005 2010 2011 2012
 Passenger 644814 790381 837,267 950,995 1,060,926 1,118621 1,152,998
ral Share 4.5 57 6.2 8.1 8.2 3.8 3.9
Passenger 1101677 1,693,003 2235221 2020360 2273086 2.358.758 2,410,931
N e 76 122 165 171 175 8 8.1
1y | PESSCTOEr 12721877 11289507 10410.577 8801839 9646404 25,943,079 10541921
Share | 8738 81.8 77 746 741 8.1 88.2
 Passenger 8260 | 8702 | 9702 11099 14308 = 14266 14538
Veme here 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Passenger 11064 | 21009 | 22514 | 17156 20216 = 20981 | 21601
Aviation
Shae 0.1 0.2 0.2 0.1 0.2 0.1 0.1

Source: Statistical Yearbook of MOLIT, Ministry of Land, Infrastructure and Transport, 2013

There was a fivefold increase in vehicle registration from 3,390 thousand in 1990
to 18,870 thousand in 2012, and a sevenfold increase in the number of passenger
cars from 2,070 thousand in 1990 to 14,580 thousand in 2012 (Table 1.6.). The number
of vehicles increased as the economy and incomes grew.

2) Travel by road refers to buses (highway, urban, suburban, charter) and taxis combined. In 2011, passenger
cars were included; but they are not yet included for 2012, because the data is still being collected.
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Table 1.6. Vehicle Registration

Year

Vehicle 1990
Nun_1ber_of 3.390
Registration

Passenger Car 2,070
Van 380
Frieght Truck 920
Special
Vehicle 12

1995

8,470

6,010
610
1,820

33

12,060

2000

8,080

1,430

2,510

37

2005

15,400

11,120
1,120
3,100

48

(Unit: thousand vehicles)

2010

17,940

13,630
1,050
3,200

56

Source: Vehicle Registration, Ministry of Land, Infrastructure and Transport, 2013

2011

18,440

14,140
1,020
3,230

59

2012

18,870

14,580
990
3,240

63

According to vehicle registration statistics, between 2000 and 2012, the number
of gasoline, diesel, and LPG vehicles increased from 1,831 thousand to 3,637 thousand,
from 3,594 thousand to 7,002 thousand, and from 1,214 thousand to 2,415 thousand,

respectively (Table 1.7.).

Table 1.7. Vehicle Registration by Fuel

Year 2000
Fuel

12,059

Total (100%)

. 1,831
Gasoline (15.2%)
. 3,594
Diesel (29.8%)
1,214
LPG (10.1%)
Kerosen 0.12
erosene (0.0%)
. 0.006
Electricity (0.0%)
0.012

Alcohol (0.0%)
Leaded 0.147
Gasoline (0.0%)
Unleaded 5,383
Gasoline (44.7%)

37

Other (0.3%)

2005

15,395
(100%)
1,576
(10.2%)
5,650
(36.7%)
1,890
(12.3%)
0.044
(0.0%)
0.005
(0.0%)
0.025
(0.0%)
0.382
(0.0%)
6,223
(40.4%)
56
(0.4%)

2010

17,941
(100%)
3,354
(18.7%)
6.483
(36.1%)
2,444
(13.6%)
0.01
(0.0%)
0.066
(0.0%)
0.001
(0.0%)
0.34
(0.0%)
5,553
(31.0%)
107
(0.6%)

(Unit: thousand vehicles)

2011

18,437
(100%)

3,556
(19.3%)
6,705
(36.4%)
2,429
(13.2%)
0.006
(0.0%)
0.344
(0.0%)
0.001
(0.0%)
0.332
(0.0%)
5,614
(30.4%)
132
(0.7%)

Source: Vehicle Registration, Ministry of Land, Infrastructure and Transport, 2013

2012

18,870
(100%)
3,637
(19.3%)
7,002
(37.1%)
2.415
(12.8%)
0.004
(0.0%)
0.86
(0.0%)
0.001
(0.0%)
0.3
(0.0%)
5,639
(29.9%)
176
(0.9%)
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1.6. Building and urban structure

Korea’'s national economic development plan—first implemented in the early 1960s—
led to rapid urbanization with limited capital and resources focused on urban areas.
In 2010, the total number of residential houses was estimated at 14,670 thousand
across the country, including 8,580 thousand apartments (58.4%), 4,090 thousand
detached houses (27.9%), 1,310 thousand multi-family units (9.0%), and 540 thousand
row houses (3.7%) (Figure 1.1.).

Houses in non-residential buildings
Row houses — 1%
3.7% T
Multi-family Units —
9.0%

Apartments
584%

]

Detached houses
27.9%

Figure 1.1. Residential house by type

Source: 2010 Population and Housing Census - Complete Survey Results, Statistics Korea, 2010

1.7. Agriculture and forestry

Agricultural land (17,300km?) in Korea amounted to 17.3% of the total land area
(100,266km?) as of 2012. From 1990 to 2012, urbanization led to changes in land
use, and agricultural land gradually decreased. The total for all agricultural land
was 1,730 thousand hectares (ha). Rice cropland represented 966 thousand ha (55.8%)
while various crops represented 764 thousand ha (44.2%) (Table 1.8.).
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Table 1.8. Use of Agricultural Land
(Unit: thousand ha)

rgricultua LandYea' 1990 1995 2000 2005 2010 2011 2012
Total Agricultural Land 2,108 1985 1889 1824 1715 | 1698 1730
Rice Cropland | 1345 = 1205 = 1149 1105 984 966
Crop-vield 740 719 731 764

Source: Agricultural Infrastructure Improvement Statistics Survey, Korea Rural Community Corporation, 2012

Forests in Korea comprised 6,369 thousand ha as of 20103), accounting for about
63.5% of the total land area. Of the total forest land, 4,338 thousand ha (68.1%)
were privately owned; 488 thousand ha (7.7%) were publicly owned; and 1,543 thousand

ha (24.2%) were government owned (Table 1.9.).

Table 1.9. Forest land and Growing Stock

Total

Government

owned
Forest

Publicly
owned
forest

Privately
owned
forest

Growing
stock

Forest land

Growing
stock

Forest land

Growing
stock

Forest land

Growing
stock

Forest land

1990

24.8
6,476
8.5
1,346
1.8
489
14,5

4,625

1995

30.9
6,452
10.1
1,393
2.2
492
18.5

4,567

Source: Basic Forest Statistics, Korea Forest Service, 2010

2000

40.8
6,422
12.6
1,433
3.1
493
25

4,496

2005

50.6
6,394
15.3
1,484
4
489
31.3

4,420

(Unit: ten million m3, thousand ha)

2010

80.0
6,369
22.9
1,643
6
488
51.1

4,338

3) In accordance with changes in the data collection method for growing stock, the regular interval changed
into 5 years—the same as the National Forest Inventory since 2010 (the latest data will be available in

June 2016).
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1.8. Waste

Industrialization and urbanization led to mass production and consumption, resulting
in wide spread material prosperity. At the same time, however, these changes created
environmental problems. From an environmental perspective, the amount of waste
generated has rapidly increased and made waste treatment more difficult. In order
to resolve waste problems more efficiently, Korea has sought to implement
socio-economic changes and build a sustainable resource-recycling society.

According to waste generation statistics, households in Korea produced 48 thousand
tons per day in 1995. By 2012, this number had remained largely the same with
households producing 49 thousand tons per day. Commercial and industrial waste,
however, increased by 1.5 fold in these years from 96 thousand tons per day in
1995 to 146 thousand tons per day in 2012 (Table 1.10.).

Table 1.10. National Waste Generation
(Unit: thousand tons/day)

W Year 4990 1995 2000 2005 2010 2011 2012
aste
Total 84 144 227 296 365 373 382
(100%) (100%) (100%) (100%) (100%) (100%) (100%)
Household waste 48 47 49 49 49 49
(33.3%) (20.7%) (16.5%) (13.4%) (13.1%) (12.8%)
Commercial & _ 96 101 112 138 138 146
Industrial waste (66.6%) (44.5%) (37.8%) (37.8%) (37.0%) (38.2%)
Construction _ _ 79 135 178 186 187
waste (34.8%) (45.6%) (48.8%) (49.9%) (49.0%)

Source: Ministry of Environment and Korea Environment Corporation, 2013

However, The amount of per capita household waste gradually decreased from 1.07kg
per day per capita in 1995 to 0.95kg per day per capita in 2012 due to the enforcement
of the volume-based waste fee system (implemented in January 1995) (Table 1.11.).

Table 1.11. Per Capita Household Waste Generation
(Unit: kg/day/capita)
1995 2000 2005 2010 2011 2012

Per capita household

1.07 0.98 0.99 0.96 0.95 0.95
waste

Source: National Waste Generation and Disposal, Ministry of Environment, 2013
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Chapter 2. NATIONAL GREENHOUSE GAS INVENTORY

2.1. National Greenhouse Gas Inventory System

2.1.1. National Implementing Entities

The Greenhouse Gas Inventory & Research Center of Korea (GIR) has been tasked
with managing the preparation of the national greenhouse gas (GHG) inventory

under the Framework Act on Low Carbon and Green Growth enacted in 2010.

The key functions of GIR for national GHG inventory are to establish and publish
a National GHG Inventory Management Plan, to provide the Guideline for
Measurement, Reporting and Verification of national GHG inventory (MRV4) Guideline);
to verify and decide country-specific emission factors and removal factors; and to
manage and operate a National GHG Management System. The National GHG
Management System consists of the National GHG Inventory Management Committee
(Management Committee), the National GHG Working Group (Working Group), and
National GHG Technical Group (Technical Group).

The Management Committee, chaired by the Vice-Minister of Environment, is
composed of approximately 15 external experts and government officials (above
director-general level) from relevant ministries. Together, they play a critical role
in making decisions for the national GHG inventory (see Figure 2.1.). The Working
Group, chaired by the president of the GIR, is composed of director-level government
authorities from relevant ministries. These officials review final drafts of national
GHG inventory and country-specific emission factors and removal factors. The
Technical Group is made up of external experts who conduct technical reviews of
the national GHG inventory and country-specific emission factors and removal factors.
To enhance transparency and the accuracy of the national GHG inventory, Korea
separates measurement and verification for the national GHG inventory and operates

a step-by-step verification system.

4) MRV : Measurement, Reporting, and Verification

13
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National GHG Inventory Management Committee

Overall Inventory Management

[Minstry of Environment]

Deliberation

Korea Statistics

GIR
Technical Group Working Group
| | | | |
Energy Industrial Processes Agriculture LULUCF

[Ministry of Trade, Industry
and Energy (MOTIE)]

Korea Energy
Economics Institute

[Ministry of Trade, Industry
and Energy (MOTIE)]

Korea Energy
Management Corporation

[Ministry of Agriculture,
Food, and Rural Affairs
(MAFRA)]

National Institute

IMIficeor Land of Animal Science
inistry of Land,

Infrastructure
and Transport (MOLIT)]

National Academy
of Agricultural Science

Korea Transportation

Waste

[Ministry of Agriculture, [Ministry of Environment

Food, and Rural Affairs (MOE)]
L Korea Environment
National Forest Corporation

Research Institute

National Academy
of Agricultural Science

National Institute

Safety Authority of Animal Science

Figure 2.1. National GHG Inventory Arrangement

2.1.1. Process of National Greenhouse Gas Inventory Preparation

{Measurement and Reporting)

As a first step for preparing the national GHG inventory, GIR provides relevant ministries>)
with the MRV Guideline for the National Inventory Report (NIR) and Common Reporting
Format (CRF). Every year, GIR revises and improves the previous year's MRV Guideline
by analyzing verification results derived from the preparation of NIR and CRF for
each sector in the previous year. Thereafter, the Management Committee reviews
and approves the amended MRV Guideline, which is then distributed to the relevant
ministries responsible for GHG inventory management in each sector by the end

of February. The relevant ministries designate an agency®) in each sector to prepare

5) Relevant ministries: Ministry of Industry, Trade and Energy, Ministry of Land, Infrastructure and Transport,
Ministry of Agriculture, Food and Rural Affairs, Ministry of Environment

6) Agencies in each sector: Korea Energy Economics Institute, Korea Transportation Safety Authority, Korea
Energy Management Corporation, National Academy of Agricultural Science, National Institute of Animal
Science, National Forestry Research Institute, Korea Environmental Corporation

14
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drafts of sectoral NIR and CRF for their part of the GHG inventory in accordance
with the approved MRV Guideline. After each relevant ministry reviews sectoral NIR
and CRF drafts, the relevant ministries submit the inventory documents prepared
by the agencies to GIR each year by June 30. The inventory documents include
activity data and expert judgment used in the preparation of the draft, explanatory
statements on recalculations data and not-estimated categories on a year-by-year

basis, and Quality Assurance/Quality Control reports.

{Verification)

From July to the end of August, GIR conducts an internal review to verify the drafts
of sectoral NIR and CRF submitted by relevant ministries. If necessary, the GIR may
require an external review with third-party experts. In such a case, additional data
are needed for an intensive internal or external review. The GIR, as a result, may
ask each relevant ministry for additional data needed to complete the verification
process. After completing this process, the GIR prepares a verification report based

on the verification results.

{Deliberation and Approval)

By early September each year, relevant ministries in each sector submit the final
version of their NIR and CRF to the GIR after revising and improving their documents
in cooperation with the agencies. GIR collects the final versions of sectoral NIR
and CRF and prepares a final draft of the national GHG inventory, which is reviewed
by a Technical Group and Working Group. The Management Committee then reviews
and approves the final draft of the national GHG inventory by the end of October.
Finally, the GIR publishes the approved version of the national GHG inventory and

the annual National Inventory Report.

15
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Table 2.1. National GHG Inventory Measurement, Reporting, and Verification (MRV) Process

Responsible

Pliase Entities

Description Date

Revision of

MRV Guidelines GIR * Preparing a revised version of MRV Guidelines' January

GIR
Discussion and  (Working . . . -
* Discussing and approving the revisions made
approval Group, . o February
. in the MRV Guidelines
of the revisions Management
Committee)

Measurement

Reporting ' Announcement GIR —
of the annual Relevant |+ Distributing the MRV Guidelines February
MRV Guidelines| ministries

Agencies in
Sectoral each sector— + Submission of sectoral NIR and CRF March—
measurement Relevant  * Conducting QA/QC activities and submitting the June
and reporting | ministries — | result report
GIR
Verification Internal/external GR * Verification of the drafts of sectoral NIR, CRF  July—
verification * Preparing the final draft of the NIR and CRF August
Technical * Conducting technical reviews of data used for
) GIR : . .
review . calculation of national GHG inventory
. (Technical . P . . September
of Technical * Documenting verification and review results in
Group) e
Group a verification report
Deliberation Working Group GIR . Re_wewm_g the final draft of national GHQ inventory
: (Working |* Discussing agendas related to quality
. Review . . . .
Group) improvements in the national GHG inventory
Approval
. October
Publication GR
Final review * Approving the official version of the annual national
and approval (Management GHG inventor
PP Committee) y
Publication GR * Publishing and distributing the national GHG November

inventory to the public

16
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2.2. Overview of the National Greenhouse Gas Inventory

2.2.1. Greenhouse Gases Covered

The National GHG Inventory is prepared by estimating the emission and removal
of six direct GHGs?”) designated by the Kyoto Protocol.8) These include carbon dioxide
(CO,), methane (CH4), nitrous oxide (N;O), hydrochlorofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulfur hexafluoride (SFe). In this report, GHG emissions
are estimated in units of tonne carbon dioxide equivalent (CO.eq.) using Global

Warming Potentials (GWPs)9) values.

2.2.2. Sectors and Years Covered

The National GHG Inventory details national GHG emissions in energy, industrial
processes, agriculture, LULUCF (land use, land-use change and forestry), and waste
sectors in accordance with the Intergovernmental Panel on Climate Change's
Guidelines (IPCC GL)109 from 1990 to 2012.

2.2.3. National Greenhouse Gas Emission Trends

Total GHG emissions in Korea in 201211) were 688.3 million tons of CO.eq. (excluding
LULUCF). This represented a 132.9% increase from the 1990 level of 295.5 million
tons of CO.eq. and a 0.4% increase from the 2011 level of 685.7 million tons of

CO2eq. Net GHG emissions1?) in 2012 were 637.4 million tons of COzeq. (including

7) While direct greenhouse gases lead directly to greenhouse effects, indirect greenhouse gases are combined
with other substances and converted into GHG. Indirect GHG emissions are not taken into account in
the national GHG inventory of Korea.

8) The Kyoto Protocol—the revised version of the UN Framework for the Convention on Climate Change
adopted in Kyoto, Japan in 1997—prescribed reduction targets for Annex I Parties. The Government of
Korea ratified this protocol in December 2012.

9) Global-warming potential is a relative measure of how much heat GHG traps in the atmosphere. It compares
the amount of heat trapped by a certain mass of the gas in question to the amount of heat trapped by
a similar mass of carbon dioxide. 100-year GWPs used in the IPCC’s Second Assessment Report was
applied in the inventory.

10) The Use of Solvents and Other Products (CRF Sector 3) in the 1996 IPCC GL is excluded in this national

GHG inventory due to the lack of activity data.
11) Gross GHG emissions mean the amount of GHG emissions from all other sectors than LULUCEF.

17
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LULUCEF). This represented a 144.1% increase from the 1990 level of 261.1 million
tons of CO.eq. and a 0.5% increase from the 2011 level of 634.5 million tons of
COzeq. GHG Emission trends from 1990 to 1997 show an annual increase of over
5% per year. Emissions in 1998 declined significantly due to the East Asian economic
crisis but grew exponentially thereafter as the regional economy stabilized and

experienced renewed growth (Figure 2.2, Table 2.2)).

GHG emissions in 2012 from the energy sector were 600.3 million tons of COeq.,
accounting for 87.2% of total emissions. This represented a 148.6% increase from
the 1990 level and a 0.4% increase from the 2011 level. Emissions from the industrial
processes sector were 51.3 million tons of COeq., accounting for 7.4% of total
emissions in 2012. This represented a 151.7% increase from the 1990 level and
a 0.8% decrease from the 2011 level. The emissions from the agriculture sector
were 22.0 million tons of COeq., accounting for 3.2% of total emissions in 2012.
This represented a 7.4% decrease from the 1990 level and a 0.6% increase from
the 2011 level. Lastly, emissions from the waste sector were 14.8 million tons of
COzeq., accounting for 2.2% of total emissions in 2012. This represented a 49.4%

increase from the 1990 level and a 1.6% increase from the 2011 level.

700 | M Energy M Industrial Processes M Agriculture M LULUCF M Waste
600
500 -
400
300
200 -
100 -

0

‘ ‘ 994‘ ‘1996‘ ‘1998; ;2000‘ ‘ 2004‘ 12006‘ | ZOOé

GHG Emissions (unit: million tons COzeq.)

-100 \ : \
2010 2012

(Year)

1990 1992 1 2002

Figure 2.2. National Greenhouse Gas Emissions Trends from 1990 to 2012

12) Net emissions mean the amount of GHG emissions including removals of LULUCF.
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Table 2.2. Greenhouse Gas Emissions by Sector from 1990 to 2012

(Unit: Million Tons of COeq.)

. Energy 2415 4119 5686 5976  600.3 148.6% 0.4%
2. Industrial 204 496 524 517 513 151.7% ~0.8%
Processes

3. Agriculture 238 237 220 219 220 ~7.4% 0.6%

4. LULUCF 344 589 549 513  -50.9 48.0% ~0.7%

5. Waste 90 178 141 146 148 49.4% 1.6%

Total GHG 2055 5031 6571 6857 6883 132.9% 0.4%
Emissions

Net GHG 2611 4441 6023 6345 6374 144.1% 0.5%
Emissions

19
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Chapter 3. MITIGATION ACTIONS AND EFFECTS

3.1. National Reduction Targets and Roadmap

After the declaration of the Low Carbon, Green Growth vision in 2008, Korea—
based on scientific and objective analysis in November 2009—officially announced
a mid-term national GHG reduction target 30% lower than BAU level by 2020. Since
then, the government has determined reduction targets by sector and year through
a joint task force led by GIR and relevant ministries in July 2011. According to reduction
targets set for 2020, the sector with the highest reduction rate will be transport
(34.3%), followed by building (26.9%), energy transformation (26.7%), and industry
(18.2%) (Figure 3.1.). According to the emissions pathway by year, GHG emissions
in Korea will reach their peak in 2014 and begin to decline by 2015, resulting in

the decoupling of GHG emissions from economic growth (Figure 3.2.).

Reduction Rates by Sector in 2020
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GHG Reduction Rates by Sector in 2020
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Figure 3.2. GHG Reduction Pathways by Year

The emission reduction targets by sector and year set in 2011 are significant in
terms of suggesting specific goals based on detailed data and modeling analyses.
Still, there is not sufficient information on emission reduction action plans for each
sector. In order to implement the pledge to reduce GHG emissions, Korea developed
a Roadmap to accomplish the National Greenhouse Gas Reduction Targets in January
2014.

The Roadmap presents detailed emission reduction policies and measures for each
sector—including industry, building, and transport—to achieve planned reduction
targets (Figure 3.3). Particularly, the Roadmap offers more than 80 mitigation measures
with their target and mitigation potentials for 2017 and 2020. If these mitigation
measures for each sector are successfully implemented, 119 million tons of CO.eq.
and 233 million tons of CO.eq. will be reduced across the country by 2017 and
2020, respectively. This amount accounts for 16.2% and 30.0% of BAU presented
in the Roadmap in 2014.
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Figure 3.3. Emission Reduction Action Plans by Sector(2014-2020)
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The Roadmap also includes strategies such as (1) a market-friendly emission reduction
system; (2) the application of new technologies; (3) the creation of jobs and new
markets; and (4) low-carbon lifestyles and social practices. The followings are the
details of these strategies. First, market-friendly GHG reduction will be implemented
through the Emissions Trading Scheme; the management of energy demands; capacity
building; and supporting plans for small & medium businesses to reduce emissions.
Second, long-term R&D strategies will be developed, alongside core technologies,
for reducing emissions and strenghthening the capacity of the domestic science
and technology fields to tackle climate change. Third, new jobs will be created in
the GHG mitigation sector. At the same time, employment will be increased and
new businesses will be developed through projects for fostering a specialized
workforce. Lastly, GHG mitigation actions in everyday life will be actively carried
out through various campaigns and movements.

The Roadmap also provides an evaluation plan for emission reductions that regularly
monitors the progress of the reduction measures described above and uses evaluation
outcomes to improve the action plans. According to the evaluation plan, relevant
ministries should set up detailed implementation plans for each sector annually.
Additionally, a supervising institution —such as the Office for Government Policy
Coordination—should evaluate the performances of the relevant ministries in revising
and implementing their plans.

3.2. Operation of the Greenhouse Gas & Energy Target Management System

Since 2010, Korea has operated the Greenhouse Gas and Energy Target Management
System (TMS) to manage businesses that are both large GHG emitters and large
energy consumers. The TMS is designed for the systematic management of GHG
emissions. Specifically, it imposes GHG reduction and energy conservation targets
on large businesses not covered by the GHG Emissions Trading Scheme (ETS), which
emit GHGs and consume significant amounts of energy. As of 2014, Korea designated
business entities that generate GHG emissions more than 50 thousand tons CO.eq.
and consume over 200 TJ of energy annually—or own facilities generating more
than 15 thousand tons COeq. and consuming over 80 TJ of energy annually—as
controlled entities. Following the announcement of this policy in June 2014, 840
controlled entities are subject to the TMS, of which 315 businesses not covered
by the ETS and will be regulated under this system from 2015 onward.
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Four government ministries (including the Ministry of Agriculture, Food, and Rural
Affairs; the Ministry of Trade, Industry, and Energy; the Ministry of Land, Infrastructure,
and Transport; and the Ministry of Environment) will provide oversight for the busi-
nesses regulated under the TMS. The Ministry of Agriculture, Food, and Rural Affairs
is responsible for the agriculture, forestry, and food sectors; the Ministry of Industry,
Trade, and Energy is responsible for the industrial and public electricity generation
sectors; the Ministry of Land, Infrastructure, and Transport is responsible for the
building and transport sectors; and the Ministry of Environment is responsible for
the waste sector. The TMS is operated under the supervision of the Ministry of
Environment, which is in charge of overall guidelines and standards for the TMS
regulation, the supervision of other relevant ministries, and the appointment of ver-
ification agencies.

Table 3.1. Relevant Ministries by Sector under TMS

Sector Relevant Ministry
Agriculture, Forestry and Food Ministry of Agriculture, Food and Rural Affairs
Industry and Power Ministry of Industry, Trade and Energy
Building and Transport Ministry of Land, Infrastructure and Transport
Waste Ministry of Environment

The outcome of the TMS regulation in 2012 led to 21.3 million tons CO.eq. of
emission reductions, which accounted for 3.78% of the 2012 total emission projections
(563.6 million tons COeq.). This reduction—achieved by 392 of 434 regulated busi-
nesses (90.3 percent of the regulated)— was 2.7 times the 2012 national reduction
target of 7.95 million tons (1.41% of the 2012 emission projections). The industries
that contributed most significantly to this reduction include petrochemical (6.9 million
tons COzeq.), steel (5.73 million tons COzeq.), and semiconductor/display/electrical
and electronic industries (5.3 million tons CO.eq.). Among those, 372 controlled
entities surpassed their reduction targets, amounting to 30.05 million tons CO.eq.
These excess of the reduction target can be used as early reduction credits under
the ETS that will come into effect in 2015. These credits should comprise less than
3% of total allocated allowances.

Monitoring and reporting of the facility-level GHG emissions is the basis of implement-
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ing the TMS regulation. Guidelines for the Operation of the Greenhouse Gas and
Energy Target Management System (Ministry of Environment Notification) are estab-
lished and continuously revised by the Ministry of Environment. The Ministry uses
the best available and adequate estimation methodologies, as well as standards
for management of emission factors and activity data, in order to establish a world-class
GHG measurement, reporting, and verification system. Moreover, the Ministry of
Environment has appointed 24 expert agencies with qualified verifiers—who have
passed strict certificate examinations—as verification agencies for the third party
verification of the GHG emissions and Energy Consumption Statement.

3.3. Adoption of the Emissions Trading Scheme

Korea has taken steps to implement the GHG Emissions Trading Scheme (ETS) as
part of its effort to a transition towards a low-carbon, highly efficient industrial
structure while achieving the 2020 national reduction targets in an economically
feasible manner.

The government has created a legal foundation for the implementation of the system
by creating and enforcing the Act on Allocation and Trading of Greenhouse Gas
Emissions Allowances and the Enforcement Decree of the Act in 2012. In 2014, as
related subsidiary plans were created—such as the Master Plan for the Emissions
Trading Scheme and the Phase I National Allowances Allocation Plan—the necessary
procedures were implemented to begin the ETS on January 1, 2015.

The ETS is operated under five-year plans, but phase I (2015~2017) and Phase II
(2018~2020) will run for three years respectively, considering the early stage of
implementation. Among the business entities subject to the TMS, the ETS will be
applied to those who generate over 125,000 tons of COeq. or own facilities generating
over 25,000 tons of CO.eq. on the annual average rate of 3 years. In addition,
it will be applied to the six GHGs: carbon dioxide (CO;), methane (CH4), nitrous
oxide (N20), hydrochlorofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur
hexafluoride (SFe). Aside from direct GHGs, indirect GHG emissions13) resulting from
the use of electricity and heat are also managed through the trading scheme by
taking account of the nation's regulating system for electricity prices and the country's

13) Emitting greenhouse gases using electricity or heat supplied by others (10 of Article 2 of the Framework
Act on Low Carbon and Green Growth)
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need for electricity demand management!4).

The Phase I National Allowances Allocation Plan established in September 2014
includes a detailed action plan for the allocation of allowances during Phase I period,
such as the total emission cap and allocation criteria. During the Phase I period,
the ETS will be applied to all sectors subject to the TMS except for road and railway
industries. Consequently, approximately 525 companies are expected to participate,
accounting for 68% of national GHG emissions. The total number of allowances
during Phase I will be 1,686.5 million KAU15 (Korean Allowance Unit). Approximately
95% (1,597.7 million KAU) will be allocated before the phase begins (allowances
for pre-allocation) while the remaining 5% (88.8 million KAU) will be allocated during
the phase (reserves). Allowances for pre-allocation will be 543.2 million KAU for
2015, 532.6 million KAU for 2016, and 521.9 million KAU for 2017, respectively.
The reserves will be used for the purpose of market stabilisation and compensation
for early emission reductions. The reserves not used during the phase will be discarded
and will not be carried over to the next plan period.

Table 3.2. Total Number of Allowances during the Phase I Plan Period of the Korea

Emissions Trading Scheme
(Unit : Million Ton KAU)

Total Allowances 1,686.5
Pre—allocation 1,597.7 543.2 in 2013, 532.6 in 2016, 521.9 in 2017
Reserves 88.8 14,3 for Market Stability, 41.4 for Early Emission Reductions,

33.1 for Others

100% free allocation will be allowed during Phase I to stabilize the scheme, but
the ratio of non-free allocation will increase gradually from Phase II to ensure the
effectiveness of the system. Most allowances will be allocated based on their past
emissions (grandfathering). A part of emitting facilities in some sectors (oil refinery,
cement, and aircraft) will be allocated considering their historical activity data and

efficiency of facilities (benchmarking).

14) 2 of Article 2 of the Act on Allocation and Trading of Greenhouse Gas Emissions Allowances and 10
of Article 2 of the Framework Act on Low Carbon and Green Growth

15) English shorthand for allowances for allowance history management, trade statistics management, and
efficient operation of allowances registers, and international connections in the trading market. 1IKAU=1
ton of CO»eq.
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In addition, several flexibility mechanisms—including banking, borrowing, and off-
setting—will be allowed to reduce mitigation costs and to secure liquidity in the
allowances market. While unlimited carryover of the remaining allowances to the
next year will be allowed to provide incentives for mitigation efforts, there will be
a quantitative limitl®) on the borrowing of allowances and the use of offsets to
ensure the effectiveness of the system. For example, the use of offset can be utilized
only for reductions that meet global standards, such as the certification of Certified
Emission Reductions (CER) from Clean Development Mechanism (CDM) projects in
securing environmental integrityl”). Accordingly, this has been specified in the
Guidelines for Validity Assessment of Reduction Projects and Certification of Emission
Reductions.

The data used for allocation was based on accumulated greenhouse gas emission
reports submitted by controlled entities over the years under TMS. This installation
and facility level data has been collected from 2007 until the present. The data
is extremely reliable as it has been checked through a third-party verification system
and a double-review system in the supervising agency and authority.

3.4. Mitigation Actions by Sector

In November 2009, Korea fixed the national mid-term GHG reduction targets 30%
lower than BAU level by 2020. In turn, it also set up specified reduction targets
by sector and industry, as well as emission reduction rates for each year.

First, in all sectors, the TMS has been implemented since 2010 to achieve national
mid and long-term GHG reduction targets and to reduce energy consumption— especially
with large GHG emitters and large energy consumers. In addition, the ETS will be
implemented from 2015 onward to set the total GHG emission rates for business
entities and to achieve GHG reduction targets through the ETS.

16) Borrowing is only allowed in the next year of the plan period, and the quantitative limit for borrowing
is 10% of allowances to be submitted to authorities. The quantitative limit for offsetting is same as that
for borrowing.

17) Articles 29 and 30 of the Act on Allocation and Trading of Greenhouse Gas Emissions Allowances
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In the energy transformation sector, Korea is preventing GHG emissions by Renewable
Portfolio Standard (RPS) mandate and offering subsidies for new and renewable
energy power plants. Moreover, it is treating emitted GHGs by encouraging the
development of technologies for the capture and storage of CO..

In the industry sector, Korea is proposing emission reduction measures for each
step of the national energy system, from the establishment of the energy supply
and demand plan to energy distribution and usage. In this regard, the Consultation
on Energy Use Plan aims to ensure efficient energy consumption by analyzing the
impact of businesses on GHG emission during the establishment stage of the plan.
In addition, heat and electricity generated from district heating and cooling systems
and integrated energy systems of industrial complexes are distributed to a variety
of consumers. Since 2011, the Energy-Efficiency Standard & Labelling program has
been implemented for this objective.

In the building sector, Green Building Standards Code, Building Energy Efficiency
Grade Certification System, and Green Home Performance Evaluation System have
been implemented to pursuit comprehensive energy efficiency with buildings’ design
and operation.

In the transport sector, the Intelligent Transport Systems (ITS) has been established
to expand public transport infrastructure and Voluntary Logistics Energy Target
Management System has encouraged 140 companies to participate as of 2014.
Moreover, the target of automobile fuel economy management has been expanded
to reduce GHG emissions by cars.

In the agriculture, forestry, and fishery sectors, Korea has taken actions to reduce
GHG emissions from rice farmlands with the water management for rice crops since
2010 and has expanded the Livestock Manure-To-Energy system since 2007.

Finally, in the waste sector, Korea has sought to minimize the generation of municipal
and industrial waste since 2008. And it has reduced carbon dioxide and methane
emissions by processing combustible and organic waste into energy and by recovering
and reusing landfill gases.
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Chapter 4. NEED OF FINANCE, TECHNOLOGY, AND CAPACITY
BUILDING AND ASSISTANCE STATUS

4.1. Need of Finance and Assistance Status

4.1.1. Financial Assistance through Multilateral Institutions

The Official Development Aid (ODA) of the international community is divided into
bilateral cooperation and multilateral cooperation by channel: multilateral cooperation
refers to indirect support for recipient countries through subscribed capital and
contributions to international development agencies. For example, Korea—in pursuit
of active support for climate change response efforts in developing countries—pro-
vides international organizations and associations related to climate change, such
as Climate Investment Funds (CIF), United Nations Framework Convention on Climate
Change (UNFCCC), and Asia-Pacific Network for Global Change Research (APN),
with funds, technology, manpower, etc. Donations and grants are the financial assis-
tance mostly frequently provided. The total sum of donations has increased by 80.8%
from 13,353 million KRW in 2010 to 24,145 million KRW in 2013 (Table 4.1.).

4.1.2. Financial Assistance through Bilateral, Regional, and Other Channels

Bilateral aid means that donor countries give direct support to recipient countries
through providing funds and various resources. As shown in Table 4-2, Korea became
involved in bilateral aid projects in 2010. Since then, the Korean government has
provided financial assistance through concessional loans and donations for developing
countries such as Cambodia, Indonesia, Vietnam, etc. This assistance has sought
to aid those countries’ power industries and agriculture and livestock sectors and
support their ability to consider and adopt climate change mitigation practices. This
total financial assistance has increased 39.0% from 146,652 million KRW in 2010
to 203,869 million KRW in 2013 (Table 4.2)).
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4.2. Need of Technology and Assistance Status

Korea has carried out a wide range of energy technology cooperation projects with
countries in Central and South America and Asia. In the power and industry sectors
of developing countries in Central and South America in particular, it has provided
energy diagnosis technologies for SMEs and has offered educational resources for
device-specific diagnostic techniques, as well as site visits, etc, since 2012.

In the agriculture-livestock sector, Korea has offered wide-ranging assistance programs
in Asian countries such as Thailand and the Philippines. Specifically, the Korean
government has carried out projects for the development and dissemination of climate
change response technologies. These projects have included the “Weather Information
Production and Service for Climate Change Response in Agriculture” and "Rice
Production Technology Development for the Increase of Staple Grains.”

In the forestry sector, Korea has completed evaluations of forest carbon stocks in
the West Rinjani Protected Forest Management Unit in Lombok, Indonesia and has
provided a GIS-based forest information management program.

4.3. Need of Capacity Building and Assistance Status

Korea has offered the International Greenhouse Gas Professional Training Course
as an annual education program since 2011. The training course is an intensive
4-week training program for selected officials, researchers, and graduate students
from developing countries. The number of participant countries benefitting from
this program has gradually increased each year: 44 people (from 21 countries) took
part in the first program in 2011; 42 people (from 22 countries) took part in the
second program in 2012; and 38 people (from 28 countries) took part in the third
education program in 2013. Also, in order for developing countries to improve their
adaptation capacity for climate change, Korea provided the support for policy estab-
lishment and technology transfer for the relevant sectors such as energy, water

resources, forest, waste and disaster prevention in the KOICA projects.
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APPENDIX : ANNEX

Table 5.1. Emission trends : summary

CO2 emissions
including net
CO; from
LULUCF

218,419.35 242,098.64/ 267,865.67| 301,073.17 325,132.48  350,703.83) 379,298.11 396,418.93 322,472.23 351,631.51 383,361.68 400,948.59 420,098.56 427,132.83 435,327.10 438,147.36 443,924.84 466,131.11 479,532.56 486,081.42 539,088.87 572,166.57 574,811.46

163.17

CO2 emissions
excluding net
CO2 from
LULUCF

252,824.79 275,734.10 299,582,301 334,880.67 357,248.93 386,138.93 418,697.73 444,388.82 378,150.38 410,401.09 442,311.36 457,695.39 476,113.15 484,358.00 490,500.91/ 494,782.91/ 501,203.89 524,216.83 537,070.95 540,791.98 593,962.56 623,438,17 625,748.37

147.50

CH4 emissions
including CHs| 31,954.28 31,538.25 30,701.35 29,955.05 2983191 29557.45 29,908.17 30,350.79 29,110.01 29,284.14 29,274.42 29,481.36 2955488 2946307 28747.69 2870405 28717.11 28514.25 28,463.18 28,199.79 29,278.09 29,60558 29,776.70
from LULUCF

-6.81

CHs emissions
excluding CHs 31,954.28 3153825 30,701.35 29,955.05 29,831.91 29,557.45 29,908.17 30,350.79 29,110.01 2928414 2927442 29,481.36 2955488 2946307 28747.69 2870405 2871711 2851425 2846318 28199.79 29278.09 2960558 29,776.70
from LULUCF

-6.81

N20 emissions
including N2O'  9,562.05  9,752.76 12,120.30 12,503.04 13,364.74 14,366.88 1522750 16,271.39 16,857.71 17,727.99 18,332.43 18,336.05 17,922.40 21,141.30 23,694.66 22,079.38 21,186.07 12,408.95 12,785.26 12,735.46 13,293.66 13,880.53 14,237.14
from LULUCF

48.89

N20 emissions
excluding N.O|  9,562.05 9,752.76 12,120.30 12,503.04 13,364.74 14,366.88 15,227.50 16,271.39 16,857.71 17,727.99 18,332.43 18,336.05 17,922.40 21,141.30 23,694.66 22,079.38 21,186.07 1240895 1278526 1273546 13,293.66 13,880.53 14,237.14
from LULUCF

48.89

HFCs 982.80 79888 187721 211721 383790 508487 5779.02 7,160.07 491110 806149 844331 585164 865261 644292 659097 6,651.18 6,097.96 736299 6881.07 5846.15 808759 7,906.95 8,694.42

784.66

PFCs NO NO NO NO NO NO NO 168259 164915 187866 223878 198430 196737 226690 277407 279676 292512 297749 279221 204608 226082 207022 27263.71

0.00

SFe 175.90 335.11 346.72 387.08 54237 144932 1,18895 1563172 100110 297476 247786 231184 236187 336234 389878 491755 517431 727953 769357 820599 1025828 882886 7,621.22

4,232.77

Total
(including | 261,094.38 284,523.63 312,911.25 346,035.55 372,709.40 401,162.36 431,401,76 453,415.49 376,001.30 411,558.56 444,128.47 458,913.78 480,557.69 489,809.37 501,033.27 503,296.27 508,025.42 524,674.31 538,147.85 543,114.90 602,267.32 634,458.72 637,404.66
LULUCF)

14413

Total
(excluding | 295,499.82 318,159.09 344,627.88 379,843.05 404,825.86 436,597.46 470,801.37 501,385.38 431,679.44 470,328.13 503,078.16 515,660.58 536,572.29 547,034.53 556,207.08 559,931.83 565,304.47 582,760.03 595,686.24 597,825.46 657,141.01 685,730.31 688,341.56
LULUCF)

132.94

NO : Not Occurring
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\dd=\DV G  ANNEX

1. Energy 24145047/ 25943795 27936386 30953906 32879280 354,684.12 386,721.66 41125182 35137359 38243344 411937.13 426,109.15 44503901 45271458 460,75459 46884811 475256.02 49429012 508599.24 514907.13 568,636.15 597,603.22 600,255.01 148.60
2 mﬂizs 2037802 2412273 2965740 33823.78 3837013 4262931 4374503 4891388 4027268 4755797 4960349 4805753 5170646 5487268 5724552 53889.79 5263193 5230787 5107243 4660699 5241811 5168295 51,282.85 151.66
3. Solvent
and Other NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE
Product Use
4. Agriculture 2375707 2359220 23599.39 23741.08 2421257 2450049 2474906 2493560 25010.16 2451021 2374273 2282599 2222247 2174632 2160337 2151213 2138508 2147017 2152789 2184658 2196287 2186391 21,992.85 743
5. Land Use,
ar;i;gsean q -34,405.44 -33635.46 -31,716.63 —33807.50 -32,116.45 -3543510 -39,399.62 -47,96989 -55678.14 -5876958 -5894968 -56,746.80 -56,01459 -57,225.17 -55173.81 -56,635.56 —57,279.05 -58085.72 -57,53839 -54,71056 -54,87369 -51,271.60 -50,936.90 4805
Forestryb
6. Waste 991426 1100621 1200723 1273913 1345036 1478354 1558563 1628409 1502301 1582650 17,79481 1866791 1760435 1770095 1660361 1568180 1603144 1469187 1448668 1446476 1412389 1458023 14810.85 4939
7. Other NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Total
(including 261,094.38 28452363 31291125 34603555 37270940 401,162.36 431,401.76 45341549 376,001.30 41155856 44412847 45891378 480,557.69 48980937 50103327 50329627 50802542 52467431 53814785 54311490 602267.32 634,458.72 637,404.66 14413
LULUCF)

NA : Not Applicable
NO : Not Occurring
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Table 5.2. Emission trends(CO,)

GREENHOUSE GAS 1990 1991 1992 1993 1994 1995 1996 1997 1998
SOURCE AND SINK
CATEGORIES kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt CO2eq
1. Energy 232,486.14 25141382 272,43880 303,380.73 323,157.30 349,34454 381,142.08 405,345.83 345,897.20
A. Fuel Combustion 23048614 25141382 27243880 30338073 32315730 34934454 38114208 40534583 34589720
(Sectoral Approach)
1. Energy Industries 4751127 5394778 6140564 6845697 8227390 91,304.44 10724374 120,791.76 104,776.79
2. Manufecturing Indusifes 76 10009 8890113 9733020 10743812 11241740 11609276 12370407 12744598 11855179
and Construction
3. Transport 3524016 3831968 4364512 5517156 57,153.19 6426238 6830179 73659.27 57,099.87
4, Other Sectors 7363172 7092524 7005774 7231409 7131280 7768496 8189248 8344882 6546874
5. Other NE NE NE NE NE NE NE NE NE
B. Fugitive Emissions from NO NO NO NO NO NO NO NO NO
Fuels
1. Solid Fuels NO NO NO NO NO NO NO NO NO
2. Oil and Natural Gas NO NO NO NO NO NO NO NO NO
2. Industrial Processes 1894528 2244814 2482099 2867033 31,100.71 3271550 3294122 3392882 27,470.69
A. Mineral Products 1809500 2162247 2392379 2785533 2992834 3145017 3170457 3283199 2642500
B. Chemical Industry 754.84 74777 812.35 707.48 1,051.46 1,127.53 1,090.93 930.20 908.56
C. Metal Production 95.43 7790 84.84 107.53 120.91 137.80 145,72 166.63 137.13
D. Other Production NA NA NA NA NA NA NA NA NA
E. Production of
Halocarbons and SFg
F. Consumption of
Halocarbons and SFg
G. Other NO NO NO NO NO NO NO NO NO
3. 8<;Igent and Other Product NE NE NE NE NE NE NE NE NE
4. Agriculture

A. Enteric Fermentation
B. Manure Management
C. Rice Cultivation

D. Agricultural Soils

E. Prescribed Burning of
Savannas

NA : Not Applicable
NO : Not Occurring
NE : Not Estimated

1999

kt CO2eq
376,407.89
376,407.89
114,483.55
124,166.29
62,093.11
75,604.94
NE
NO
NO
NO
28,414.32
27,386.27
886.49
141.56

NA

NO

NE

2000

kt CO2eq
405,474.13
405,474.13
134,532.46
128,805.11
69,381.54
72,755.03
NE
NO
NO
NO
29,392.10
28,540.89
703.51
147.70

NA

NO

NE

2001

kt CO2eq
419,366.52
419,366.52
145,633.87
129,192.24
72,505.32
72,035.08
NE
NO
NO
NO
30,462.20
29,584.65
73393
143,61

NA

NO

NE

2002 2003

kt CO2eq kt CO2eq
437,903.18  445,346.25
43790318 445346.25
154,059.27 | 158,120.65
134,732.01 136,951.62
7744898  80,235.11
7166292  70,03887
NE NE
NO NO
NO NO
NO NO
31,482.67 32,23305
30,989.15  31,834.86
340.14 241.03
153.39 157.16

NA NA

NO NO

NE NE

2004
kt CO2eq
452,706.68
452,706.68
171,571.15
134,345,18
80,388.67

66,401.69

31,028.16

30,554.82

2005 2006 2007

kt COeq kt COzeq kt CO2eq

460,525.69 466,603.59 485,083.23

460,525,69 | 466,603.59 485,083.23

176,740.83 | 185,781.49 197,244.60

133,70804| 13509097 141,471.89

81,196.10 81,977.10| 84,247.13

68880.72| 63,754.02) 62,119.61

NE NE NE NE

NO NO NO NO

NO NO NO NO

NO NO NO NO

2844009 28,14599  33,396.91

27957195 2784852 33,069.74

30397 287.96 154.42 156.98

169.37 194.18 143.06 180.18

NA NA NA NA

NO NO NO NO

NE NE NE NE

2008

kt CO2eq
498,433.94
49843394
210,490.30
146,029.15
82,079.32
59,835.16
NE
NO
NO
NO
32,963.33
32,584.38
159.96
218.99

NA

NO

NE

2009

kt CO2eq
505,488.91
505,488.91
229,471.23
135,673.24
82917.13
57,427.31
NE
NO
NO
NO
29,769.66
29,463.94
150.46
155.26

NA

NO

NE

2010

kt CO2eq
557,464.89
557,464.89
254,815.11
159,739.89
84,619.88
58,290.02
NE
NO
NO
NO
31,080.42
30,756.02
146.63
17777

NA

NO

NE

2011

kt CO2eq
585,432.29
585,432.29
262,574.97
180,983.88
84,248.28
57,625.16
NE
NO
NO
NO
32,055.76
31,823.67
53.61
178.47

NA

NO

NE

2012

kt CO2eq
587,222.03
587,222.03
265,905.94
178,335.68
85,658.86
57,321.55
NE
NO
NO
NO
31,977.17
31,793.99
1.81
181.37

NA

NO

NE

01
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AN ANNEX

GREENHOUSE GAS 1990
SOURCE AND SINK
CATEGORIES

F. Field Burning of
Agricultural Residues

G. Other

5. Land Use, Land—Use
Change and Forestry

A, Forest Land

B. Cropland 546.98
C. Grassland -535.71
D. Wetlands 186.67
E. Settlements NE
F. Other Land NE
G. Other NE
6. Waste 1,393.37
A gshﬁa \;V:Ste Disposal NA NO

B. Waste—water Handling
C. Waste Incineration 1,393.37

D. Other NA
7. Other (as specified in the

summary table in CRF) i
Total CO2 emissions including
net CO, from LULUCF 21841935
Total CO emissions excluding
net CO, from LULUCF 25282479
Memo ltems:
International Bunkers 11,549.66
Aviation 387359
Marine 7676.07
Multilateral Operations NE

CO, Emissions from Biomass 3,656.50

NA : Not Applicable
NO : Not Occurring
NE : Not Estimated

1991

781.15
-567.90
186.44
NE

NE

NE
1,872.14

NA, NO

187214
NA

NA

242,098.64

275,734.10

16,680.79
422026
12,460.53
NE

2,781.63

1992

1,083.59
-54887
187.95
NE

NE

NE
2,322.51

NA, NO

2,322.51
NA

NA

267,865.67

299,582.30

20,706.45
5,049.68
15,656.77
NE

3,257.90

1993

-34,603.37| —34,035,16| —-32,439.29| —34,810.25

1,348.12
-543.35
197.98
NE

NE

NE
2,829.60

NANO

2,829.60
NA

NA

301,073.17

334,880.67

21,942.13
5,682.38
16,359.75
NE

3,337.25

1994

-33,484.00
1,7112.61
-542.16

197.10
NE

NE

NE
2,990.92

NA, NO

2,990.92
NA

NA

325,132.48

357,248.93

25,291.90
6,269.03
19,022.87
NE

4076.49

1995

-37,523.56
2,405.46
-555.91

23891
NE

NE

NE
4,078.89

NA, NO

407889
NA

NA

350,703.83

386,138.93

29,140.12
7,088.31
22,051.80
NE

471891

1996

—42,536.86
2,907.84
-568.28

22940
NE

NE

NE
4,614.43

NA, NO

461443
NA

NA

379,298.11

418,697.73

34,727.82
7,746.31
26,981.51
NE

5,177.39

1997

1998

1999

2000

-51,347.36| -59,161.29 —62,220.80| —61,800.16

3,160.24
=580.01
21722
NE

NE

NE
5,114.17

NA, NO

511417
NA

NA

396,418.93

444,388.82

38,113.20
8,435.32
29,677.88
NE

5,956.06

327010
-581.84
21304
NE

NE

NE
4,782.49

NA, NO

4,782.49
NA

NA

322,472.23

378,150.38

37,704,09
6,990.95
30,713.13
NE

6,796.43

324877
-581.23
211.45
NE

NE

NE
5,578.87

NA, NO

557887

NA

NA

351,631.51

3,234,056
-587.40
20383
NE

NE

NE
744513

NA, NO

744513

NA

NA

383,361.68

2001

-50,693.90
331348
-508.68
202.30

NE

NE

NE
7,866.68

NA, NO

7,866.68

NA

NA

400,948.59

410,401.09 442,311.36 457,695.39

40,789,00
7,216.82
33572.18
NE

8,090.77

38,665.72
761757
31,048.15
NE

9,669.82

37,786.96
7,982.65
20,804.31
NE

11,093.64

2002

-59,110.52
3,431.31
-532.49

197.11
NE

NE

NE
6,727.30

NA, NO

6,727.30
NA

NA

420,098.56

476,113.15

37,867.17
9,016.58
28,850.58
NE

13,262.11

2003

—34,405.44| -33,635.46 —31,716.63 —33,807.50 -32,116.45 -35435.10 —39,399.62 -47,969.89 -55678.14 -58,769.58 -58949.68 —-56,746.80 -56,014.59 -57,225.17

-60,410.61
3516.58
-519.41

188.27
NE

NE

NE
6,778.70

NA, NO

6,778.70
NA

NA

427,132.83

484,358,00

40,494.92
9,476.28
31,01863
NE

14,680.83

2004

2005

2006

2007

2008

2009

2010

2011

2012

kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt CO2eq kt CO2eq kt CO2eq kt COeq kt COeq kt COeq kt COeq kt COzeq kt COzeq kt CO2eq

—55,173.81 —56,635.56 -57,279.05 -58,085.72 -57,538.39 -54,710.56 -54,873.69 -51,271.60 -50,936.90

-58,402.29
3,540.53
-484.80

172,74
NE

NE

NE
6,766.07

NA, NO

6,766.07
NA

NA

435,327.10

490,500.91

42,272.37
10,099.02
32,173.35

NE

18,006.74

-60,000.81
3,656.23
-415.29

124.32
NE

NE

NE
5817.13

NA, NO

5817.13
NA

NA

-61,021.89| —62,222.04 —61,988.73

392473
-282.50
100.61
NE

NE

NE
6,454.32

NA, NO

6,454.32
NA

NA

4,246.91
-217.12
106.53
NE

NE

NE
5,736.69

NA, NO

5,736.69
NA

NA

438,147.36| 443,924.84 466,131.11

494,782.91

42,722.32
10,510.13
32,212.20

NE

17,818.76

501,203.89

40,805.27
8,522.48
32,282.78
NE

1941583

524,216.83

41,382.80
12,006.38
20,376.42

NE

21,360.94

450003
-184.08
125,39
NE

NE

NE
5,673.68

NA, NO

567368
NA

NA

479,532.56

537,070.95

38,983.27
10,953.97
28,029.30

NE

22,623.56

-59,41438| —59,674.94 -56,218.22

473062
-169.20
133.40
NE

NE

NE
5,533.41

NA, NO

5,533.41
NA

NA

486,081.42

540,791.98

35,772.06
10,43367
25,338.40

NE

2314883

482828
-155.57
12853
NE

NE

NE
5,417.26

NA, NO

5417.26
NA

NA

539,088.87

593,962.56

38,237.47
11,615.78
26,621.68

NE

25,168.85

4,939.25
-117.70
125,06
NE

NE

NE
5,950,12

NA, NO

5,950,12
NA

NA

572,166.57

623,438.17

37,962.05
11,715.08
26,246.97

NE

27,352.86

-55,306.76
4,378,66
-127.35

118,55
NE

NE

NE
6,549.18

NA, NO

6,549.18
NA

NA

574,811.46

625,748.37

37,098.81
11,781.54
25,317.27

NE

33,028.53
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Table 5.3. Emission

GREENHOUSE GAS
SOURCE AND SINK
CATEGORIES

1. Energy

A. Fuel Combustion
(Sectoral Approach)

1. Energy Industries

2. Manufacturing Industries
and Construction

3. Transport
4. Other Sectors

5. Other

B. Fugitive Emissions
from Fuels

1. Solid Fuels
2. Ol and Natural Gas
2. Industrial Processes
A. Mineral Products
B. Chemical Industry
C. Metal Production

D. Other Production

E. Production of
Halocarbons and SFg

F. Consumption of
Halocarbons and SFe

G. Other
3, Salvent and Other Product Use
4. Agriculture
A. Enteric Fermentation
B. Manure Management
C. Rice Culttivation
D. Agricultural Soils

E. Prescribed Burning of
Savannas

NO : Not Occurring
NE : Not Estimated
IE : Included Elsewhere
NA : Not Applicable

trends(CHy,)

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt CO2eq kt CO2eq kt CO2eq

389.77

134.21

064

589

6.84
120.84

NE

255,56

230.13
2543
531

NO

5.31
IENENO

NA

NO

NE
768.43
142.05
38.71

586.13

343.59

112,79

0.72

6.91

7.52
97.65

NE

230.79

201.27
2952
7.40

NO

740
IENENO

NA

NO

NE
761.07
144,08
39.55

576.08

288.05

8092

0.98

8.44

8.66
7184

NE

198.13

160,00
38.14
10.51

NO
10,51
IENENO

NA

NO

NE
749,09
150.49
40.28

557.01

247.70

75.21

1.27

9.59

10.24
54.11

NE

172.49

126.22
46.27
11.72

NO
1.72
IENENO

NA

NO

NE
742,09
162.92
42.42

535.45

221.09

61.65

1.67

10.06

1.42
3851

NE

150.44

99.42
60.02
12.53
NO
1253
IENE,NO

NA

NO

NE
736.37
176.20
44.45

514.42

203.97

56.25

187

10.64

12,76
30.98

NE

12.87
IENENO

NA

NO

NE
730.60
188.05
46.40

49470

212.16

52.76

212

11.62

13.93
25,08

NE

159.40

66.18
93.22
14,59
NO
1459
IENENO

NA

NO

NE
725.79
198.85
48,04

477.25

224,66

51.31

245

12.46

14.82
21.58

NE

1782
IENENO

NA

NO

NE
72302
206.51
49.39

46530

209.29

46.29

2.21

12.54

13.06
18.48

NE

163.00

58.29
104.71
18.60
NO
18,60
[ENNENO

NA

NO

NE
722,76
200.09
50.83

461.09

231.89

49.56

246

1327

14.80
19.04

NE

182.33

56.10
126.23
19.77
NO
19.77
[ENENO

NA

NO

NE
709.18
197.67
51.70

45797

248,72

52,95

2.58

14.47

17.09
1881

NE

19578

5547
140.30
20.66
NO
20.66
IENENO

NA

NO

NE
689.52
180.47
52.99

45415

259,64

55.18

2.80

15.24

18.39
1876

NE

204.46

51.02
1563.44
19.80
NO
19.80
IENENO

NA

NO

NE
668.28
162.22
54,08

44990

274.21

60.60

3.15

16.00

19,55
21.90

NE

21361

44.35
169.26
2154
NO
21.54
IENENO

NA

NO

NE
653.21
152.59
55.69

442,93

283.53

63.06

322

16.63

20.07
23.14

NE

22047

44,08
176.39
21.42
NO
2142
IENENO

NA

NO

NE
637.98
148.14
56.63

431.30

313.60

62.88

4.01

17.60

20.41
20.86

NE

250.72

42,65
208,07

21.98

21.98
IENENO

NA

NO

NE
624.78
149.37
56.66

416.87

326.19

67.44

415

258,76

37.85
220.90
2242
NO
2242
[ENE,NO

NA

NO

NE
613.73
152,59
56.44

402,79

340.88

69.01

463

271.87

37.75
23412
2334
NO
2334
IENENO

NA

NO

NE
608.07
158.43
56.48

391.23

363.91

71.48

5.10

10.45

2281
24,11

NE

202.44

3858
25386
2448
NO
24.48
IENENO

NA

NO

NE
605.84
164.90
57.27

381.75

370.92

7313

548

20.34

2303
24.28

NE

297.79

37.07
260.72
23.73
NO
2373
IENENO

NA

NO

NE
604.88
172,85
57.37

372,78

352.18

72.25

5.17

1042

2394
2373

NE

279.93

3367
246,26
23.95
NO
2395
IENENO

NA

419.44

71.54

6.34

22.65

2447
24.09

NE

341.90

27.86
314.04
2489
NO
2489
[ENNENO

NA

NO

NE
606.51
191.40
58.87

354,52

448.54

81.79

6.70

2547

24.02
2559

NE

366.75

27.86
33889
2434
NO
24.34
[ENENO

NA

NO

NE
599.23
197.96
57.74

341.99

478.72
82.47
6.70

26.42

2387
2548

NE
396.25

27.99
368.26
2583
NO
2583
IENE,NO

NA

NO

NE
595,06
204.31
5800

331.29

03
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AN ANNEX

GREENHOUSE GAS 1990
SOURCE AND SINK
CATEGORIES

F. Field Burning of

Agricultural Residues 144
G. Other
" e )10
A, Forest Land NE, NO
B. Cropland NE, NO
C. Grassland NE, NO
D. Wetlands NE, NO
E. Settlements NE, NO
F. Other Land NE, NO
G. Other NE, NO
6. Waste 358.21
A isliﬁa \r/1V§ste Disposal 2830
B. Waste—water Handling 29.91
C. Waste Incineration NE
D. Other NO
7. Other (as specified in the NA
summary table in CRF)
Eﬂflfi? LeLIJTElst(;cI):ns including 1521.63
glalf r(()):4 ELTLSJS(;)ZHS excluding 1521.63
Memo Items:
International Bunkers 0.53
Aviation 0.03
Marine 0.51
Multilateral Operations NE

CO, Emissions from Biomass

NE : Not Estimated
NO : Not Occurring
NA : Not Applicable

1991

1.28

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
389.85
358.94
30.91
NE

NO

NA

1,501.82

1,501.82

0.85
003
082

NE

1992

1.24

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
41439
381.87
32.52
NE

NO

NA

1,461.97

1,461.97

1.06
0.04
1.03

NE

1993

1.24

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
42499
399,08
2590
NE

NO

NA

1,426.43

1,426.43

1.1
0.04
1.07

NE

1994

1.24

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
450,63
415,54
34.73
NE
0.36

NA

1,420.57

1,420.57

1.29
004
1.25

NE

1995

1.40

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
460,11
425,55
34.51
NE
0.04

NA

1,407.50

1,407.50

1.50
0.05
145

NE

1996

1.59

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
471.66
438,05
33.47
NE
0.13

NA

1,424.20

1,424.20

1.83
0.05
1.78

NE

1997

1.76

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
479.83
452,02
27.41
NE
040

NA

1,445.28

1,445.28

201
0.06
1.95

NE

1998

1.70

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
43558
408,51
26.71
NE
0.36

NA

1,386.19

1,386.19

207
0.05
2,02

NE

1999

1.80

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
43368
406.34
26.019

NE

NA

1,394.48

1,394.48

2.26
0.05
2.21

NE

2000

187

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
435.15
406.70
25.79
NE
2.66

NA

1,394.02

1,394.02

2,09
0.05
2.04

NE

2001

204

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
456.19
426.86
26.69
NE

264

1,403.87

1,403.87

2,01
0.06
1.96

NE

2002

1.96

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
458.46
42577
2867
NE

402

1,407.38

1,407.38

1.96
0.06
1.89

NE

2003

187

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
460.12
42942
26.57
NE
412

NA

1,403.00

1,403.00

2.10
0.07
204

NE

2004

1.85

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
408,61
378.81
25,50
NE
430

NA

1,368.94

1,368.94

2.18
0.07
2.11

NE

2005

1.88

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
404.55
372.72
25,26
NE
6.57

NA

1,366.86

1,366.86

2.19
0.07
2.11

NE

2006

1.90

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
395.22
361.00
26.48
NE
1.74

NA

1,367.48

1,367.48

2.18
0.06
212

NE

2007

1.88

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
363.63
33043
2467
NE
853

NA

1,357.82

1,357.82

204
0.08
1.95

NE

2008

1.85

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
355.90
324.92
22.34
NE
863

NA

1,355.39

1,355.39

1.94
0.08
1.86

NE

2009

1.85

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
360.28
328.46
22.30
NE
952

NA

1,342.85

1,342.85

1.76
007
1.68

NE

2010

1.7

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
343.37
319.31
21.33
NE
2.74

NA

1,394.19

1,394.19

1.85
0.08
1.77

NE

2011

1.55

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
337.68
31348
21,62
NE
2.57

NA

1,400.79

1,400.79

1.83
0.08
1.74

NE

2012

kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt CO2eq kt CO2eq

1.46

NE, NO

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
318.33
296.53

20.50

NE

NA

1,417.94

1,417.94

1.78
008
1.70

NE
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Table 5.4. Emission trends(N.O)
GREENHOUSE GAS 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
SOURCE AND SINK
CATEGORIES kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt CO2eq kt CO2eq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt CO2eq kt CO2eq kt CO2eq kt CO2eq

1. Energy 2,51 2,61 283 3.09 3.20 3.4 3.63 383 3.49 3.73 4,00 416 4.44 456 4.72 475 482 505 7.66 6.52 762 8.88 9.61

A. Fuel Combustion

251 2.61 2.83 3.09 3.20 3.41 3.63 3.83 3.49 3.73 4.00 416 444 456 472 475 482 5.05 7.66 6.52 762 888 961
(Sectoral Approach)
1. Energy Industries 0.31 0.34 0.38 0.41 0.46 0.50 0.55 0.60 057 0.61 0.72 0.80 0.89 0.90 0.99 1.01 1.07 1.10 367 2.65 3.34 423 483
2. Menfactuing ind.sties 098 14 139 157 166 173 187 199 196 207 222 230 241 250 262 261 267 287 295 282 321 356 369
and Construction
3. Transport 0.30 0.33 037 0.47 0.49 0.55 0.58 063 0.49 052 057 0.59 0.63 0.65 0.64 0.64 0.64 0.65 0.63 064 0.65 0.65 0.66
4. Other Sectors 0.92 081 068 0.64 0.60 0.62 0.62 0.61 047 053 0.48 0.48 0.51 0.52 0.47 0.49 044 0.43 0.41 0.41 0.42 043 0.43
5. Other NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE
B. figﬁi‘i‘éi;smmns NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
1. Solid Fuels NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2. Oil and Natural Gas NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
2. Industrial Processes 0.52 1.24 7.72 7.75 847 10.03 11.39 13.67 15.64 18.75 21.35 22.68 21.90 32.64 40.30 34.24 31.61 251 0.79 0.76 0.67 1.00 0.59
A. Mineral Products NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO
B. Chemical Industry 0.52 1,24 7.72 7.75 847 10,03 11.39 13.67 15.64 18.75 21.35 22.68 21.90 32.64 40.30 34.24 31.61 251 0.79 0.76 067 1.00 0.59
C. Metal Production
D. Other Production
E. Production of
Halocarbons and SFg
F. Consumption of
Halocarbons and SFs
G. Other
3. Solvent and Other Product
Use
4, Agriculture 24.59 24.55 25.39 26.32 28.23 29.55 30.67 31.46 31.72 31.03 29.83 28.36 27.44 26.93 271.37 27.82 21.79 28.22 28.47 29.39 29.76 29.94 30.63
A, Enteric Fermentation
B. Manure Management 7.44 767 8.19 898 9.72 10.39 11.05 11.55 11.74 11.34 10.73 10.10 984 9.76 9.90 10,18 10.58 11.02 11.35 11.78 12.34 12.67 13.03
C. Rice Cultivation
D. Agricultural Soils 17.12 16.85 1717 17.31 18.48 19,12 19.58 19.87 19,94 19.64 19.11 18.21 17.56 17.13 17.42 1760 1717 17.16 17.08 1757 17.38 17.23 1757

E. Prescribed Burning of
Savannas

NO : Not Occurring
NE : Not Estimated



AN ANNEX

GREENHOUSE GAS
SOURCE AND SINK
CATEGORIES

F. Field Burning of
Agricultural Residues

G. Other

5. Land Use, Land-Use
Change and Forestry(2)

A, Forest Land
B. Cropland
C. Grassland
D. Wetlands

E. Settlements
F. Other Land
G. Other

6. Waste

A, Solid Waste Disposal
on Land

B. Waste—water Handling
C. Waste Incineration

D. Other

7. Other (as specified in the
summary table in CRF)

Total N2O emissions
including N>O from LULUCF
Total N2O emissions
excluding N-O from LULUCF

Memo Items:
International Bunkers
Aviation
Marine
Multilateral Operations
CO2 Emissions from Biomass
NE : Not Estimated

NO : Not Occurring
NA : Not Applicable

00

1990

0.03

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

322

310
0.12
NO

NA

30.85

30.85

2.51
1.62
089

NE

1991

003

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.06

290
0.16
NO

NA

31.46

31.46

3.21
1.76
1.45

NE

1992

0.03

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.17

2.98

NO

NA

39.10

39.10

393
2.11
1.82

NE

1993

003

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.18

2.94
0.23
NO

NA

4033

4033

423
2.33
1.90

NE

1994

003

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.21

2.95
0.24

003

431

483
2,61
2.21

NE

1995

003

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.36

303
033
0.00

NA

46.34

46.34

5.52
2.96
257

NE

1996

0.04

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.44

306
037
0.01

NA

4912

4912

6.37
323
3.14

NE

1997

004

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.53

3.09
041
003

NA

52.49

52.49

6.97
3.52
345

NE

1998

0.04

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.53

0.39
0.03

NA

54.38

54.38

6.49
292
358

NE

1999

004

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

3.68

310
048
0.10

NA

57.19

57.19

6.92
301
391

NE

2000

0.05

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

391

3.09
062
0.20

NA

59.14

59.14

0.46
0.22
0.24

NE

2001

005

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

394

308
0.66
0.20

NA

50.15

59.15

0.46
0.23
0.23

NE

2002

0.05

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

403

3.06
067
0.30

57.81

57.81

0.48
0.25
0.23

NE

2003

0.05

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

406

304
0.71
0.31

NA

68.20

68.20

0.51
0.27
0.24

NE

2004

0.04

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

4,05

302
0
0.32

NA

76.43

76.43

0.54
0.29
0.25

NE

2005

0.05

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

442

3.31
061
049

NA

0.55
0.30
0.25

NE

2006

0.05

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

412

2.97
057
0.58

NA

68.34

68.34

0.49
0.24
0.25

NE

2007

0.05

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

4.25

294
067
0.64

NA

4003

40.03

0.57
034
023

NE

2008

0.05

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

432

300
0.68
0.65

NA

0.53
0.31
0.22

NE

2009

0.04

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

4.40

305
064
0.71

NA

0.50
0.29
0.20

NE

2010

0.04

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

483

3.38
0.80

0.64

4288

42.88

054
0.33
0.21

NE

2011

004

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

4.9

338
081
0.78

NA

4478

44.78

0.54
033
0.21

NE

2012

kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt CO2eq kt CO2eq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt COeq kt CO2eq kt COeq kt COeq kt CO2eq

0.04

NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO
NE, NO

5.09

3.35
095
0.80

NA

4593

4593

0.53
033
0.20

NE
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Table 5.5. Emission trends(HFCs, PFCs and SFe)

GREENHOUSE GAS SOURCE AND 1990
SINK CATEGORIES

Emissions of HFCsc — (kt CO2 eq) 982.80
HFC-23 0.08
HFC-32 NO
HFC-41 NO
HFC-43-10mee NO
HFC-125 NO
HFC-134 NO
HFC-134a NO
HFC-152a NO
HFC-143 NO
HFC-143a NO
HFC-227ea NO
HFC-236fa NO
HFC—245ca NO
Unspedified mix of listed HFCsdl = (kt 00 eq) NO
Emissions of PFCsc — (kt CO2 eq) NO
CF4 NO
CoFs NO
C 3Fs NO
CdFo NO
¢—CaFsg NO
CsF12 NO
CeF14 NO
7|Et NO

Unspecified mix of listed PFCs(4) -
(Gg CO» equivalent)

SFs 0.01

175.90

NO : Not Occurring

1991

798.88
0.07
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

NO

NO
NO
NO
NO
NO
NO
NO
NO

NO

335.11

0.01

1992

1,877.21
0.16
NO
NO
NO
NO
NO
NO
0.04
NO
NO
NO
NO
NO

NO

NO
NO
NO
NO
NO
NO
NO
NO

NO

346,72

0.01

1993

2,117.21
0.18
NO
NO
NO
NO
NO
NO
0.08
NO
NO
NO
NO
NO

NO

NO
NO
NO
NO
NO
NO
NO
NO

NO

387.08

0.02

1994

3837.90
0.19
NO
NO
NO
NO
NO
1.21
0.00
NO
NO
NO
NO
NO

NO

NO
NO
NO
NO
NO
NO
NO
NO

NO

542,37

0.02

1995

5,084.87
0.22
NO
NO
NO
NO
NO
1.90
0.00
NO
NO
NO
NO
NO

NO

NO
NO
NO
NO
NO
NO
NO
NO

NO

1,449.32

0.06

1996

5,779.02
0.24
NO
NO
NO
NO
NO
2.25
0.00
NO
NO
NO
NO
NO

NO

NO
NO
NO
NO
NO
NO
NO
NO

NO

1,188.95

0.05

1997

7,160.07
0.29
NO
NO
NO
NO
NO
2.92
0.01
NO
NO
NO
NO
NO

NO

94,57
0.09
0.12
0.00

NO
0.00
NO
NO

0.09

1,531.72

0.06

1998

4911.10
0.17
NO
NO
NO
NO
NO
2.21
0.00
NO
NO
NO
NO
NO

NO

93.96

0.09

NO
NO
0.00
NO
NO

0.09

1,001.10

0.04

1999

8,061.49
032
NO
NO
NO
NO
NO
3.32
0.03
NO
NO
NO
NO
NO

NO

94.24
0.09
0.14
0.00

NO
0.00
NO
NO

0.09

2,974.76

0.12

2000

8,443.31
0.29
NO
NO
NO
NO
NO
390
0.22
NO
NO
NO
NO
NO

NO

2,238.78
0.09
0.17
0.01

NO
0.00
NO
NO

NO

247786

0.10

2001

5,851.64
0.05
NO
NO
NO
NO
NO
400
0.11
NO
NO
NO
NO
NO

NO

1,984.30
0.07
0.14
0.03

NO
0.00
NO
NO

NO

2,311.84

0.10

2002

8,652.61
0.18
NO
NO
NO
NO
NO
5.01
0.36
NO
NO
NO
NO
NO

NO

1,967.37
0.08
0.11
0.06

NO
0.00
NO
NO

NO

2,361.87

0.10

2003

6,442.92
0.01
NO
NO
NO
NO
NO
483
033
NO
NO
NO
NO
NO

NO

2,266.90
0.10
0.1
0.09

NO
0.00
NO
NO

NO

3,362.34

0.14

2004

6,590.97
0.01
NO
NO
NO
NO
NO
494
0.12
NO
NO
NO
NO
NO

NO

2,774.07
0.13
0.12
0.12

NO
0.00
NO
NO

NO

3898.78

0.16

2005

6,651.18
0.01
0.00

NO
NO
NO
NO
497
0.16
NO
NO
NO
NO
NO

NO

2,796.76

0.14

NO
0.00
NO
NO

NO

491755

0.21

2006

6,097.96
0.02
0.00

NO
NO
NO
NO
451
022
NO
NO
NO
NO
NO

NO

2,925.12
0.19
0.1
0.08

NO
0.01
NO
NO

NO

5,174.31

0.22

2007

7,362.99
0.02
0.01

NO
NO
NO
NO
545
0.24
NO
NO
NO
NO
NO

NO

297749
0.22
0.12
0.05

NO
0.01
NO
NO

NO

7,279,563

030

2008

6,881.07
0.02
0.01

NO
NO
NO
NO
511
0.07
NO
NO
NO
NO
NO

NO

2,792.21
0.21
0.1
0.04

NO
0.01
NO
NO

NO

769357

0.32

2009

5,846.15
0.02
0.00

NO
NO
NO
NO
433
0.05
NO
NO
NO
NO
NO

NO

2,046.08
0.17
0.07
0.03

NO
0.01
NO
NO

NO

8,205.99

0.34

2010

8,087.59
0.02
0.00

NO
NO
NO
NO
6.03
0.07
NO
NO
NO
NO
NO

NO

2,260.82
0.19
0.08
0.03

NO
0.01
NO
NO

NO

10,258.28

043

2011

7,906.95
0.02
0.00

NO
NO
NO
NO
5.88
0.07
NO
NO
NO
NO
NO

NO

2,070.22
017
0.07
0.03

NO
0.01
NO
NO

NO

882886

037

2012

kt COeq kt CO2eq kt COeq kt COeq kt COeq kt CO2eq kt COzeq kt COeq kt COeq kt CO2eq kt COeq kt COeq kt COeq kt CO2eq kt COzeq kt CO2eq kt COeq kt CO2eq kt COeq kt CO2eq kt COeq kt CO2eq kt CO2eq

8,694.42
0.03
0.01

NO
NO
NO
NO
6.44
0.06
NO
NO
NO
NO
NO

NO

2,263.71
0.22
0.06
0.03

NO
0.01
NO
NO

NO

7,621.22

032

67








