Experience of Building and Operating
Korean GHG Inventory System

Hyung-Wook Choi, PhD, Director
GHG Inventory & Research Center (GIR)

UNOSD 6th GHG Inventory Training Workshop
May 29, 2024, Bangkok , Thailand 9%

Y &



1. Introduction
2. GHG MRV System
3. National Inventory

4. Experience of Korea and Plan



1. Introduction

Greenhouse Gas Inventory and
Research Center



National Context of Progress
= |Legal basis: Article 36 of Carbon Neutrality and Green Growth Act

2020~2022

2015~2019 - « Forth BUR submitted in
2021

2011~2014 _
« First National Inventory * Enhanced NDC for 2030

Roadmap (40% reduction

~ Management Plan
2009~2010 « Third NC submitted in 2011 establgi]shed in 2015 from 2018 level by 2030)
» First National GHG « ETS launched in Jan. 2015 submitted in 2021

* ‘Low Carbon Green Growth  |pyeniory released by GIR -« INDC for 2030 submitted ~ * ‘Carbon Neutrality and

Act’ enacted in 2012 (37% from BAU) in 2015 Green Growth Act’ enacted
* National MRV system - ‘Emission Trading Scheme  « Roadmap for 2030 in

reorganized in 2010 Act’ enacted in 2012 established in 2016
* First MRV GL released in » First BUR submitted in « Second BUR submitted in

2010 | 2014 2017
» 2020 National Reduction . « Roadmap for 2020 . Third BUR and Forth NC

-zrgqgoet set (30% from BAU)In  established in 2014 submitted in 2019
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Carbon Neutrality and Green Growth Act

« Enact the Framework Act on CNGG in 2021

* Key Provisions

— (Article 7) The government makes 2050 carbon neutrality a national vision.

— (Article 8) National NDC Target for 2030 should be at least 35% from 2018
emissions level

— (Article 25) Introduction of Emission Trading System
* Legal basis for Emissions Trading System (ETS)

— (Article 36) Establishment for National GHG Management System
* (New) Local government shall submit GHG statistics each year
* Legal basis for National MRV system



Carbon Neutrality and Green Growth Act and Decree

 Article 36 of Act

(D The Government shall establish and operate a National Management
System for developing, analyzing, verifying, preparing and managing GHG
Information.
* Article 39 of Enforcement Decree
(D GIR shall carry out the following duties:
(1) National GHG Information System (NGIS) Operation

(2) IT-system development for analyzing GHG information such as national
and regional inventory and emission factors

(3) GHG inventory publishing
(4) International cooperation



Key Functions of GIR

Operating a world-class Supporting the GHG and Energy Facilitating the adoption of
comprehensive GHG Target Management System (TMS) national and sectoral GHG
Information management system and Emissions Trading System reduction targets
(K-ETS)

~ AN

A &

Conducting research on Promoting international Reinforcing analysis
GHG emissions within cooperation on climate on linkages to the international
Korea and abroad change carbon market

Greenhouse Gas Inventory and
Research Center



Organizational Structure and Roles

Planning and GHG Inventory GHG Mitigation
Management Team Management Team Research Team
-Planning and administrative - GHG activity data and emission -National & sectoral GHG reduction
support factors management target setting
-International cooperation - Operation of National GHG

Management System(NGMS) and
Emissions Registry
- Research on K-ETS

Greenhouse Gas Inventory and
Research Center



2. GHG MRV System
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MRV System National GHG Inventory Management Rule Book
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MRV System

Energy

Ministry of Trade,
Industry and Energy

Korea Energy
Economics Institute

(Transport)
Ministry of Land,
Infrastructure
and Transport

Korea Transportation
Safety Authority

(Water-borne
Navigation)
Ministry of Oceans
and Fisheries

Korea Marine
Environment
Management
Corporation

Industrial
Processes

Ministry of Trade,
Industry and Energy

Korea Energy Agency

GIR

(Ministry of Environment)

Agriculture

Ministry of
Agriculture.Food
and Rural Affairs

(Livestock)
National Institute of
Animal Science

(Rice cultivation)
National Institute of
Agricultural Science

Institutional Arrangement

National GHG Inventory
Management Committee

Statistics Korea

LULUCF

Ministry of
Agriculture ,Food
and Rural Affairs

(Forest land/Wetlands)
National Institute of
Forest Science

(Cropland)
National Institute of
Agricultural Sclence

(Grassland)
National Institute of
Animal Science

(Settlements/Other land)
Ministry of Land,
Infrastructure
and Transport
Korea Research
Institute for Human
Settlements

» Committee

* Decision-making body to approve
inventory

* Chaired by the Vice Minister of
the MOE

» Composed of 15 members from
relevant ministries and research
experts

Waste

Ministry of
Environment

Korea Environment
Corporation

= Working Group
* Discussion body to prepare final
draft for inventory
* Chaired by the president of GIR
« Composed of director level
officials from responsible
ministries
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MRV Procedure

Measure
& Verification Approval Publication
Report
Relevant GIR Management GIR
Ministries (RM) Committee

¢ Collect data « Collect sectoral emissions data « Approve final draft * Release National Inventory at
« Estimate GHG emissions « Verify sectoral draft emissions homepage of GIR, Statistic

« Report AD and Inventory to GIR Korea, and MOE

Greenhouse Gas Inventory and 192
Research Center



Preparation Process for NI

= Measurement
* GIR prepares MRV GLs to determine methodologies
* Relevant ministries (RM) collect activity data and estimate GHG inventory based on MRV GLs

« Agencies that are designated by RM such as Korea Environment Corporation (KECO)
conduct the task of preparing national inventory

= Reporting
* RM submit sectoral Inventory to GIR through National Inventory Report System

= Verification
* GIR reviews methodologies, activity data, emission factors
* GIR requests RM to revise draft inventory to correct errors
* The revised draft is confirmed by working group and committee

= Public Release
» GIR publishes the approved inventory through websites

Greenhouse Gas Inventory and
Research Center 13



Timelines for NI MRV Process

MEASUREMENT REPORTING
Sectoral
Estimation by RM Correction by RM

1

AUG SEP OCT NOV

'\_[_/'

Review by  Approval by .
MRV T
o Verification by GIR  working group Management Fulle
Guidelines : Release
Distribution Sl by GIR
by GIR VERIFICATION

Greenhouse Gas Inventory and
Research Center



UNFCCC The GHG Inventory Cycle

Submit to U.N., Prepare National Cycle Begins
Inventory Improvement Plan Again

Inventory Kickoff Meeting: Meet with Sector Invite all those
Experts, Data Providers, and Data Compilers Identified in Step One

Choose Methods and Send Letters to Collaborators
Identify Available Data and Organizations

Finalize Inventory Draft, Key Category
Analysis, and Prepare Archives

Plan

CollectandQCData Organize Activity Data,
Collect g =

Address Errors and Comments from Review . .. e
and Emission Factors Emission Factors

Estimate

QA of Draft Report Prepare and QC Initial Estimates

Prepare and QC Draft Report Draft and QC Key Category Analysis

Greenhouse Gas Inventory and

Research Center
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MRV GL for National Inventory

2023 MRV GL for NI 2024 MRV GL for NI

| 2023 2024

7t 2AIA S| o7t 2A7A S|
A4HY-E0-A45 2|3 Y2043 A2
| - H132} 21 - - H[142} 4% -
* Methodologies are * Methodologies are
based on 1996 based on 2006
 p— IPCC GL IPCC GL
‘ « GWPs :IPCC AR2 « GWPs :IPCC AR5
 ROK used this GL « ROK will use this
until 2023 GL from 2024

38
‘ D Greenhouse Gas Inventory and O 2’,’;“,\352,32%{ O SUNAFUYEME

Research Center



MRV GL

Greenhouse Gas Inventory and
Research Center

1996 IPCC GL vs. 2006 IPCC GL

Major Changes
GHGs  © CO,, CH, N,O, HFCs, PFCs, SF, + (NEW) NF,
© New Emission Sources
- (Eg) CCS, Urea-based catalyst and so on
Emission © Disaggregation of Categories
Sources - (Eg) Public electricity and heat production — @ power, @QCHP,
®Heat production

O Activity data: The segmentation of Fuel and raw material
O Methodology improvement

Method - (Eg) Use of Fraction Carbon Storage(FCS) in Petrochemical — Mass

Balance methodology

O Oxidation Factor: Coal 98%, Petroleum 99%, Gas 99.5% — 100%
Parameters

o GWP : IPCC AR2 — AR5 (eg. GWP for CHs 21 — 28)

17



MRV GL
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Role and Responsibility

— Relevant Ministries and
agencies for specific
subsector

— For example, the
Ministry of Transport is
RM for the road
transport(1A3Db).
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MRV GL
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Definitions

Time series
— From 1990 to the latest reporting year

Sectors and Activities

— Includes all emission sources set out in the IPCC
guidelines.

Gases
— CO02, CH4, N20, HFCs, PFCs, SF6 and NF3
— GHG precursors : CO, NO2, NMVOC, SO2
Reporting Units

— Emissions or removals are reported in mass units
such as ton.

Metric
— Use the GWP of the IPCC Fifth Assessment Report.



MRV GL

Methodologies for Energy Sector

* Introduction of Energy sector

— The energy sector includes fuel combustion and fugitive
emissions from energy production and consumption.

— Emission Sources as follows

— Fuel combustion

— Fugitive emissions

— Transfer and storage of COo
— Calculation tips

— Emissions are calculated using the original data digits
of the activity data as it is.

20



Methodologies for Energy Sector

* Methodologies

— Calculation equation

* |t is calculated by multiplying fuel usage by LHV, EF, mole weight ratio of
CO2 and C, etc.

E=3,[(FC,)%41.868 X CF, x EF, < 44/12 <10 *

E : Emissions (kT)

FC : Fuel use (KTOE)

41.868 : Conversion factor for Joule-TOE

CF : Conversion factor for heat values (LHV/HHV)
EF : Emission factor (tC/TJ)

| . Fuel type

j : Category

Greenhouse Gas Inventory and
Research Center
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Parameters such as EF, Heat value, GWP

. - | B 1-3 | EAHSA+£
« Emission factors and Heat values (%t 1)
— Use the national specific emission Fuels  pec CSEF Fuels  ©cc CS-EF
factors. - '2900[—) wj'n ‘12:‘16 '1-7- TR '1950; n7t11 12t16 '1_7-
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° GWP S 17.2[18.1[18.1 [18.107) | [HetA(LNG) 153 [15.4 (153 [15312
. o 2 168 - | - - | T [EAFFA(LNG) 15.3 |15.4]15.3 15272
— TR 200[186 192191571  [=x712(LPG) 172 [17.6 [17.6 [17.454
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2 4> 72 fAZE 2201215216 21544| ¢ [SAcro 2~ | 200
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Reporting and Verification GL

* Rules for Reporting
— Principles of reporting
— List of materials for submission to GIR
 AD, GHG emission results, and other information
— Reference and Citation writing GLs

* Verification guidance
— Verification timeline

— Verification GLs
 Check list of QA

23



Inventory Cycle

Greenhouse Gas Inventory and
Research Center

Data collection, Estimation and Writing

Submit to U.N., Prepare National Cycle Begins

Inventory Improvement Plan Again

Finalize Inventory Draft, Key Category
Analysis, and Prepare Archives

Address Errors and Comments from Review

QA of Draft Report

Prepare and QC Draft Report

Inventory Kickoff Meeting: Meet with Sector Invite all those
Experts, Data Providers, and Data Compilers Identified in Step One

Choose Methods and Send Letters to Collaborators
Identify Available Data and Organizations

Plan

CollectandQCData Organize Activity Data,
coneCt and Emission Factors Emission Factors

Estimate

Prepare and QC Initial Estimates

Draft and QC Key Category Analysis

24



MRV System Example of MRV Process for Energy Sector

Data Collection & Estimation Documentation

Data Supplier Data Gaps & Sectoral QC Sectoral QA Overall QA/QC/Verification & Archive Final Statistics

Statistics on
Bituminous & Anthracite
(Korea Coal association)
oil
(Korea National oil corporation)

EO

0‘0\6

Natural gas Missing data on Oil <

(Korea Gas corporation) Yearbook of consumption by fuels Submission Submission
. — Energy Statistics from 1990 to 1996 — — — _—
City gas (KEEI®) -> Linear Regression
(Korea City gas association) Analysis

¢,

Electricity /q,9

(Korea Electric power corporation) %

< NIRS >

- CRF, NIR and other supporting materials are uploaded.

- Opinions during verification process are exchanged
between GIRandrelevant organizations.

- Final CRF and statistics are produced.

- Allinput & output data, verification results and etc. are
Renewable energy archived.

(Korea Energy agency)

Heat energy
(District heating corporation,
SH corporation, GS power)

and etc.

* Acronym

KEEI : Korea Energy and Economics Institute

MOTIE : Ministry of Trade, Industry and Energy

GIR : Greenhouse gas Inventory and Research center
(Ministry of Environment)

NIRS : National GHG Inventory Reporting System

KOSIS : Korean Statistical Information Service

25



Reporting

e Structure of format

< Table 1.1 > Emissions for Energy

GIRF(GHG Inventory Reporting Format)

<E LI> oluix] Eof M2 : [A2A2, 22(61A), s, 22"
GHG Type o - B
— S1 ~ S3 Summary
— x.1 Emissions ] /1 Activity Source _
Category ||  mopmgys 4;%%40 il kel lflléi ﬂiﬁ gz*]i
— X 2 AD kt COseq %
’ 22 7
G £A
— X.3 EF and parameters S =
: : 1A1al —— AR £
— X.4 Other information Electricity s o a e | e
roduction LAnsE =7
X = Sector P S Fuel
2. Y L(CHP) o (spedify)
— 1=energy, 2=IPPU, 3= d=giEs)
Agriculture, 4=LULUCF, 5 s P
=Waste L AgAen” | €
A=gzs)
b. 4574 =
A=gizs)
c IN9= A= q| ..
7]etelrizl -
1. IM9E A= 3¢

Greenhouse Gas Inventory and
Research Center
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Reporting

GIRF(GHG Inventory Reporting Format)

Greenhouse Gas Inventory and
Research Center

Example for Energy Sector
Table 1.1 . Table 1.3 EF
Table 1.2 AD @ @
{1090 | 1991 Units ) e
Jopep | wggs YT el weest g 0| - Boyuap a9 | ooy | 199)
kt C,Qg’eq Lt [ =0 || -
Total Emissions 4 aiad Energy
A. e P A | Fuel Combustion | —— tg:\é;\lm
—amsg | o 1. R / | L‘r’mo‘im
W34 | o o 1718 € B R
.................... e i A
e — | I§3E
0. Y4 HCHP 2 - -
TR ] | LR EC
"""""""""""""""""""""""" - neg A2 0 A%A
5 g ¥ P
: 07




GIRS (GHG Inventory Reporting System)

Responsible Ministries

.
Y
M

1 B

Activity Data « Sectoral GHG
Estimation
* Generating GIRF

= Purpose: GIR is developing GIRS/GIRT system since 2019
= Users : GIR, Responsible ministries and agencies

= Method: 2006 IPCC Guidelines

= Key Functions: MRV, Statistics Tables

Data gathering
from RM
Statistics
Verification

CRF
Input file for
CRF

reporter

28



GIRF and GIRS

©

Advantages

— Efficiency of reporting process with many institutions
— More transparency (is expected)
— Less human error from estimation and reporting

— Easier to see emission trends
Limitations

— Still complicated spread sheet

— GIRF should be changed again when UN format is determined

Greenhouse Gas Inventory and
Research Center
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Inventory Cycle

Greenhouse Gas Inventory and
Research Center

Verification and Finalizing

Submit to U.N., Prepare National Cycle Begins Inventory Kickoff Meeting: Meet with Sector Invite all those

Inventory Improvement Plan Again Experts, Data Providers, and Data Compilers | Identified in Step One

Finalize Inventory Draft, Key Category Choose Methods and Send Letters to Collaborators
Analysis, and Prepare Archives Identify Available Data and Organizations

Plan

/

Address Errors and Comments from Review

c°"ect Collectand QC Data  Organize Activity Data,

and Emission Factors Emission Factors

Estimate

QA of Draft Report Prepare and QC Initial Estimates

Prepare and QC Draft Report Draft and QC Key Category Analysis

30



s \/erification and Statistics

Verification Statistics

= Verification results on AD, EF, emissions, CRF errors and etc. . .
® Final figures, tables are produced.

are exchanged between GIR and responsible ministries.

H EY|x2 Tl
. . } . gEE OHH§0t
HEMs wislv|  -Eob TH v -58 ([EA] [v]  -m#s T v
HEHE a9 Vv 3N w0 v . W7 W Qzg
[EA 294 2]
- 1R/
2 ey =2 ey =o AT
HE  HEEE Rob 2D EEES dEETE 287t L] o=
R e HEOY e eEun T
AT D 2AIE SHEY
0
1 219 H2|2 Al CRF2[™H e COz ,CHa Nz O b N
Missing data "‘“
2 | @9 | HIE | B gsniz ChMRR CHa e N B
N\ :
lculation Error 2
3 €My | U 142 LIEE AFUHE €Oz ,CHs Nz O e N
160
0
4 M3 ouR 142 ZENZ ArHEHE CO2 ,CHa Nz O i) N Wm0 LR BB B% 0% % 99 BN 9% A0 M AR AB AW A5 N6 AW A A9 M A AR AL MY A5 A AW
thass o SHs2
. .
Omission of
47| 3 =2 AFEUME JCHa | e & .
< 8 el L Lt oz M0 ¥ I t' ik I 1%0 1991 192 198 199 19% 19% 1997 199 199 20 aml 20 20 i) 206 206 o
eXp ana Ion | EHhEE 21 356 wal FLitis e 469 na iU Ll & SR 5166 ) 5415 ik} LT 0t
2 Tl B2 it} A8 4B £l &% 314 £ HiEY Rl 7% kit 135 20 it} 83 48 5%
3 ol 5215 it} i i} na &7 i} & L4 -4 & 0 Al 4 19 18 g} [}
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National GHG Inventory Management Plan

* Legal basis
— Article 36 of Carbon Neutrality and Green Growth Act
— Article 4 of National GHG Inventory Management Rule Book

* Purpose
— To improve national inventory quality

« Contents of Plan
— Recent National Inventory
— Improvement of Activity Data and Emission Factor
— |T-system development
— International Cooperation
* The period of first plan: 2015 - 2019

« Second Plan is under preparation for 2020 — 2024.

Greenhouse Gas Inventory and
Research Center

32



National GHG Inventory Improvement Plan

* First Plan(2015-2019) includes: (1) Roadmap for 2006 IPCC GLs use, (2)
CS-EF development, (3) IT-system, (4) International Cooperation

Year
2015 2016 2017 2018 2019 2020 2021 2022 2023

Contents

Trial application &  Public

Goals Preparation for AD Advancement Release

Improving the national inventory for
applying 2006 IPCC G/Ls
Modifying MRV G/Ls & CRF
Estimating & Verifying GHG
Emissions

Publishing the official statistics applying
2006 IPCC G/Ls

Greenhouse Gas Inventory and
Research Center

2006 IPCC GL-based
emissions to be
announced in 2024 in
preparation for 1st
BTR submissions



3. National Inventory

Greenhouse Gas Inventory and
Research Center



27} 2avtA oliER] BN

— Introduction
— Reporting target, field, writing system, etc.
2022 — Emission trends
§g§§ﬁ1 — Explanation for increase or decrease
rs s st — Per GDP, per capita emissions
— Sectors

— Statistics of sector

— Explanation of energy, industrial
processes, agriculture, LULUCF, and waste
sectors

* WWW.gIr.go.kr

BYE
SATATEYHME]

Greenhouse Gas Inventory and
Research Center 35


http://www.gir.go.kr/

National Inventory

©

Total GHG Emissions : 676.6 Mton CO.eq.

Share by sectors

— Energy 86.9%, Industrial Process 7.6%, Agriculture
3.2%, Waste 2.4%

Share by sub-sectors

— Energy : Energy Industries 35.6%, Manufacturing
Industries and Construction28.7%, Transport 14.3%, Other

Sectors 7.1%, Other/Fugitive Emissions for Fuels
0.7%

— Industrial Process(514.MMT CO.,eq) : Mineral Products
65.1%, Consumgiion of Halocarbons and S 32.5%, Chemical
Industry 2.0%, Metal Production 0.4%

— LULUCF(-37.8MMT CO.eq.)

— Agriculture(21.4MMT CO.eq.) : Cultivation 52.0%,
Livestock 48.0%
—  Waste(16.1MMT CO.eq.) : Solid Waste Disposal

46.8%, Incineration 39.3%, Wastewater Handling
8.9%, Other 5.0%

Greenhouse Gas Inventory and
Research Center

Emissions by sectors and sub-sectors

Field Burning of Agricultural Residues
0.002%
Solid Waste Disposal on Land

Manure Management _ Rice Cultivation

Enteric Fermentation

0.8% 0.8%
0.7% Agricultural Soils Wastewalt.gsHandling
Consumption of Halocarbons and SF6 0.8% 0.2%
2.5% Waste Incineration
Metal.. / 0.9%
\ _Other
\

Chemical Industry 0.1%
0.1%
Solid Fuels/Oil/Natural Gas Mineral Products

) 0.7% 4.9%
Stationary

lectricity and Heat Production

0.4%
Agriculture/Forestry/Fisheries _—
33.1%

0.6%

Residential
4.7%

Commercial/Institutio|
1.8%

/

Aviation/Railways/Navigation/Ot!
0.5%

Total
Emissions
676Mton

Road Transportati
13.8%

etroleum Refining
2.1%

Manufacture of Solid

Other
5.5% Fuels and Other Energy
: Industries
Food Processing, Beverages and/ Iron and Steel 0.5%
Tobacco Chemicals 14.3%
0.3% 8.0% Non-Ferrous Metals
Pulp, Paper and Print 0.5%

0.1%
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GHG Emission Trend of Korea

800
M Energy @ Industrial Processes
700 7 [ Agriculture W LULUCF = -
i
co0 I Waste I i il »
_ ~
g s00 1 _ - In 2021, total GHG emission is
§4oo . 676 Mton COzeq
=
2300 1_BE * Korea’s total emission
5 ‘1 increased by 3.4% from 2020
0 to 2021 due to recession
7 100 - recovery from COVID-19
- * During same period,
* 4.5% increase in power
-100 .
R H IS8y 888583885888 848 85888¢% SEIEELRI
* Source: National GHG inventory in 2023 by 7.3%
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GHG Emissions by Source and Gas in 2021

(a) Emissions by Sector (b) Emissions by Gas

HFCs  PFCs

Agriculture Waste
3. 2%\ 2.4%

Industrial CH,
Processes 4.0%
7.6%

Energy

Q Greenhouse Gas Inventoryand e Source: National GHG inventory in 2023

Research Center
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4. Experience of Korea and Improvement
Plan
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Lessons Learned and/or Best Practices

* Development of national MRV System is important

Verification process is necessary to ensure inventory quality
General (overall) Organization is good to find cross-sectoral issues

Regular meeting for sectoral experts and compilers helps communications

and understanding various inventory topics

Documentation such as Inventory MRV GL and NIR is useful for quality

tracking as well as transparency

Country-specific EF development helps improve national inventory

Greenhouse Gas Inventory and
Research Center 41



Key Challenges

 Transition to 2006 IPCC GLs

— ROK found it difficult to collect AD for apply 2006 IPCC GLs

— According to National GHG Inventory Improvement Plan, Republic of Korea is
preparing GHG Inventory based on 2006 IPCC GL until 2023

* Cross-sectoral Issues
— Renewable Energy Emissions (Waste and Energy Sectors)

— LULUCF Land Matrix Development (Various Relevant Ministries for

Agriculture, Land, Science, Environment, and Forestry)

Greenhouse Gas Inventory and
Research Center 42



B  National GHG Inventory Management Plan

< 2nd Improvement Plan > < 3rd Improvement Plan >

 (Calculation method

HI2KF 27 LQADIA S| ZZAAH — AD improvements for NDC
(2020~2024) IE> — Expansion of the EFcs

1. Expanding the Scope:

* Reporting formats

. ; — Systematization of reporting forms
202(

Ind!regt GHGs, Reglor!al for the preparation of the UNFCCC

emissions, and Potential BTR

Emissions

@47 2 Applying the 2006 IPCC GL — Development of DB for AD, EF

ganesnsaan | 3, MRV system infrastructures:
SR IT-system, Capacity building

Greenhouse Gas Inventory and
Research Center
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Thank youl!

Email : hchoi@korea.kr
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