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1. CCS In South Korea

CO, emission reduction goal

National goal of the reduction of CO2 emission:

- 30% (= 243 Mt CO,) of the expected emission (813 Mt CO,) at 2020

- 26.7% of the reduction amount will be accomplished by CCS (2 Mt
CO,) and renewable energy technologies (Jan 2014; MOE).

- The carbon market was started from 2015.

Status of CO, emission National CO2 reduction goal at 2020
Total Emission rate Emission rate per capita 20205 224 247IA SH ZISE!
(Mt CO,) (Mt CO,) EF9l: W8} COe (1A IX| RU7IAR OLUISIEIAR BHIEH B17)

49%% ggg el 152
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I 37% 1 "33% 1
20054 2020 2020 2030 ]
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Status of CCS

- Mar. 2009: Roadmap of 27 core technologies for green growth
- Jul. 2010: <Action Plan of National CCS> (Green Growth KOR)

- Nov. 2010: Foundation of ‘Korea CCS Association (KCCSA)' (MKE(MOTIE))

- Sept. 2011: Foundation of ‘'Korea CCS R&D Center (KCRC)' (MEST(MOE))
Start up of 9-year (‘11-'19) CCS R&Ds by KCRC (Budget 173 Bill. Won)
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Progress of geologic storage (1)

1) Roadmap

2013 2016 2020 2030

+ Survey/selection of sites
RSME AH/HAI1= L (012H5)
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Progress of geologic storage (2)

2) Exploration of offshore basins

1247 126" 128 130°
Exploration data ol Exploration data
Well data - 5 el data - 23
Seismic - 35,827 L-km(2D :
¢ 32%3!:1“2{1’{1}2 ) Seismic - 15,897 L-km(2D)
2,161 km3(3D)

2. Kunsan/Jeju basin:
research on regional

geology, potential
storage site

1. Ulleung basin: stratigraphy
sedimentology, location
and storage capacity of
CO- storage site

1.9~5.1 G‘tCﬂd

EF)

3. DB construction for
i domestic offshore CO,
storage site (Ulleung
basin)

Y y —T—
m 124 126 126° 130°

A T R S E——
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Ulleung Basin (April 4, 2012; MLTM)
EE-II S8 Hﬁg KORDI (2012)

-IEA GHG HIMYE J|=0= 3™, | Potential 5.1 Billion Tons CO2

-SBTE22E (Units 1-5) : W 51HE (209 - 1289 E)
+US DOE H| MBS J|Z2 = O1H,

SSHHASE (Units 1-5) - TF 1992 | Min. 1.9 Billion Tons CO2
XA 199 EC T JIE01H,

ZE3EOEM HAS 32 634 S0 HE Jis (ES2X9] HIS HHIA{SH

Saline Formation Efficiency Factors for
Geologic and Displacemant Terms
Depositional E . =F __F_F. _FFE
Environment g £ Fo = e
Lithology . P P
a
Shelf (Clastics) 2.2 % 5.5 % 13.7 % : Clasticy 051% ~2.0% YT
<IEA GHG's saline formation efficiency for shelf= Dolomite Lt 2.2% 2%
Limestone 0. 40%: 1.5% 4.1%

<US DOE's saline formation efficiency>
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Progress of geologic storage (3)

Pohang basin (onshore) Pohang basin (offshore side)

E FA IV: Gilber!-type foresel
ast bl conglomerate and breccia (b)

—_ . * FAul;uuvlu\unamnum-ncn

conglomerate

_ g FA Il mouth-bar sandstone
B FA: alluvial-fan conglomerate
N ol “ and breccia (o)

ment

e e i ‘e
Fault death
“and migration B

> Gohyeon area F2

Further subsidence
along F2

Block 1

36°00"
Beomchon area

Block 1

Potential
Subregion

From Pro. Kwon YK
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Progress of geologic storage (4)

Korea Yeongil Bay CCS Project (2013-2017)
Demonstration Project in Pohang Basin for CO, Marine Geological Storage

- Exploration & drilling:
2013.8-2015. 7

- Test injection:
2016.8-2017.7

- Injection:

Pohang basin

o

1 km
Saline aquifer
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Progress of geologic storage (5)

-

3) Exploration of onshore basins
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S reakage pathwaysandenvironmentalii
management

|
Processes i Data & Measurement

Travertine deposits, vegetation type change,
Induced  and increasing CO3 soil gas CO3 Injection Well

seismicity  concentration at the surface Abandoned Well The security
| assurance is
prerequisite to
carbon storage.
Thus, site
Fracture/fauling 4 | e & selection is very
supercritical CO2 '} ¢77" 4, =l /

—

= b
Lot = - (W]
LS s [

A

_:—'—'_'-_

P Hitoheh ey

Processes  Data & Measurement
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Potential risks of CO, leakage

Risk of geologic storage of CO,

| Localrisks | | Global risks |

CO, inatmosphere o CO, dissolved in I Displacement: I
shallow subsurface: subsurface fluids:
* Ground heave

Release of CO, into
the atmosp here

* Suffocation of * Mobilisation of . i
humans or animals metals and other Induced selsmicity
above ground contaminants * Contamination of

*» Effects on plants * Contamination of gpniilnge:ah.ar by
above ground potable water ISprac nnes

* Biological impact * Interference with * Damage to

hydrocarbons or
below ground on deep subsurface .
. other mineral
roots, insects ad ecosystems

. . resources
burrowing animals

. . The first University in Korea
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Impact of potable groundwater by CO, leakage

COs2 Injection Well

"~ Groundwater

: S
Quality Eh?ngﬂs-: ' |

) Wells

Drinking Water
Aquifer

" nfection of
Supercritical CO2

R R The first University in Korea
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Concepts of environmental monitoring (1)

fanagement
r ~
Atmospheric Atmosphere
N J
Assurance - 1‘ ~
= = Soil gas Surface
Monitoring | Ecosystems
Hydrology [ ﬁ Y
Geochemistry Saline Water
localised .
seepage b:.{oyar_?t vertica
migration
| . , e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e . AL S S e
Monitoring Injected
Remote Geophysics Carbon Dioxide
Geochemical Sampling migration

CO2CRC(2010)

1) Diverse environmental media including groundwater, soil, biota (including
microbes) and atmosphere should be monitored.

2) Leakage of CO2 occurs very slowly. Thus, the pre-injection (i.e., baseline) and
post-injection monitoring (for several decades after injection) should be done
with a careful design.

2015 IEA Workshop in Paris 14




Concepts of environmental monitoring (2)

Measuring, monitoring & verification (MMV) is an important part of
each CCS project:

- verify CO, storage (e.g. carbon credits)

- assess potential leakage pathways (safety)

Various monitoring approaches include:
- Geophysics: seismic, resistivity etc.
- Geochemistry: fluid and gas sampling
+ chemical and isotopic analyses

. . The first University in Korea
2015 IEA Workshop in Paris 15 l“l B soongsil University




Concepts of environmental monitoring (3)

Satellite Interferometry
Spectral Imaging

Airborne EM, ER, Gravimetry,| | Syrface EM, ER and

Spectral imaging Gravimetry
PT NDIR GPR (<50m)
TiItmeters ESP

// 'Eddy Covariance e
/ v / A é é

Surface 2D, 3D and Micro -
Seismic

7

Well-Logs

Soil Gas Concentrations | Borehole Fluid

Sampling Borehole/Cross-
| <[ /]| |well EMand kT,
! Gravimetry
—

V'SP and Cross-well Seismic
Microseismic

B

Monitoring techniques

Tracers

R R The first University in Korea
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3. Missions of K-COSEM Research Center

Introduction to K-COSEM Research Center

O Title of Res Center : Korea CO, Storage Environmental
| - Management (K-COSEM) Research Center
O Research Funding :
- Government (Ministry of Environment) support
- Approx. 20 Million $ for 1st stage (2014-2017)
- Additional 20 Million $ for 2"d stage (2018-2021)
O Director: Prof. Seong-Taek Yun (Korea University)
O Participants:
- Annually, — 100 researchers
- 10 domestic universities, including Korea Univ., Seoul National
Univ.(Prof. Kang-Keun Lee), Kyonghee Univ.(Prof. Ka-Young
Yoo0), Kyoungbuk National Univ.(Prof. Eun-Kyu Park), Soongsil
Univ.(Prof. Moon-Hyun Koh) etc.
- 2 foreign universities: Univ. of Calgary, Univ. Wisconsin at
Milwakee
- Industry: Geogreen Co., Eco PNG
O 6th International Environmental Forum for CCS(Jul. 21th 2015)

- - .5:"_" L] L] -
2015 IEA Workshop in Paris 17 ‘S\:J.I i Soongsil University




Goals and vision

Establishing an Environmental Management System
for CO, Storage (CS)
Goals Creating an Effective Regulatory Regime
e for CO, Storage (CS)
4 CO, Emission Reduction N\
Ny Security of CO, Storage
RPN Climate Change Mitigation J
Vision
R / SP3 CS \
-Safe, Proven, Predictable, Public CS-
\ J




Center organization

Ministry of |
Environment

KEITI
Soil Environment Center

- . CCS Partner Organizations
| Steering Commitee (NIER, EMC, GTCK, etc.)
CCS Forum
I Self-Evaluation Committee I
Planning Advisory Committee
Executive Office I
| T T T 1
K-COSEM EMRAS EMRAG \ IEMRA LRRD
| | | |
Managing Team I Team 1 I Team 2 Team 3 Team 4
Prof. Seong-Taek Yun Prof. Gayoung You Prof. KangHunLee Prof EungyuPark Prof MoonhyunKoh
(KoreaUniv.) (KyungHee Uriv.) (SNU) (KNU) (SoongsiUiniv)
I |
Konkuk Univ. ‘ . " .
GeoGreen21, KBSI(Seoul), GNU, . Univ. of Wisconsin-
Univ. of Calgary 5;::2; liljr:::, JNU, PNU s ECO PNG, etc.

R R The first University in Korea |
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Research strategy and missions (1)

Developing _ \ \
Environment Management - Environment Management

Techniques E 4 Systems

\ | J

R R The first University in Korea
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Research strategy and missions (2)

Research missions

1) to assess the impacts of the CO, leakage on shallow
groundwater quality and on soil ecosystems including plants,
microbes and solil solution,

2) to develop efficient and precise monitoring tools to detect
and quantify the movement of leaked CO, through soll,
groundwater and atmosphere,

3) to set up the integrated numerical modeling technigue to
evaluate the leakage of CO,,

4) to propose the regulatory frameworks to manage the
geologic carbon storage.

In addition to long-term monitoring of potential CO, leakage in

storage sites, field experiments with the artificial leakage of

CO, from depths under diverse geologic conditions will be

conducted. ettty s
2015 IEA Workshop in Paris 21 “‘l B soongsil University



Major fields and tasks of research

;o p ™
Team 1 Environmental Monitoring and Environmental Monitoring and | Team 2
Risk Assessment of Soil Ecosystems Risk Assessment of Groundwater
(EMRAS) (EMRAG)
- Developing Monitoring and Assessment Techniques of Soils - Developing Monitoring and Assessment Techniques of GW
- Monitoring and Risk Assessment of Soil and Ecosystems - Monitoring and Risk Assessment of GW in CS sites
in CS sites ~
K-COSEM :
_____—— Project Management
: y
- EIT Site Characterization
- EIT Construction, Operation, and Management
- Monitoring and Risk Assessment for CS sites
- Investigating Long-Term Natural Analogue
- Evaluating Geochemical Data
Team 3 | Integrated \ RER Legal and Regulatory | Team 4
' Environmental Monitoring and Regime Development ——u
Risk Assessment (IEMRA) (LRRD)
- Developing Integrated Monitoring and Assessment Techniques - Developing Legal and Regulatory Frameworks
- Integrated Monitoring and Risk Assessment of CS sites - Gaining Public Acceptance of CS projects
s N J N /A
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3 Policy and CCS demo plan




®

Laws for GHG reduction In Korea

0 Framework Act on Low Carbon Emission, Green Growth (2010.04)

QO Enforcement Ordinance of Framework Act on Low Carbon Emission,
Green Growth provides CCS- related contents in Art. 34

» Kinds of captured GHG and its amount
Q Korean ETS was in effect on Jan. 12, 2015
QO Power sector
» Nuclear Act (1958)
» Renewable Act (2004.12)
» Smart Grid Act (2011.11)
» CCS support law and regulatory framework under consideration ?

v Developing stage for regulatory framework by ME w/MOF &
MOTIE

Q Building sector
» Green Building Act (2012.02)

. . The first University in Korea
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Presenter
Presentation Notes
ETS tended to address the problem on a flow basis rather than stock basis and measured success as reduced emissions in the location where it operated, rather than reduced accumulation in the atmosphere over the long term.

This bonus-malus scheme would assess penalties on cars with high levels of environmental pollutants, using the revenues to pay subsidies on cars that don’t pollute as much  


Policy and strategy for CCS in Korea

O Framework Act on Low Carbon, Green Growth (2014.07 revised)
QO Commitment to reduce GHG by 30%6 below BAU until 2020 (Nov.’09)
QO Presidential Committee on Green Growth (PCGG) : Major Policies and Plans

including CCS

» 1st 5-Year Plan for Green Growth (2009-2013)
v Korean CCS Master Action Plan (July 13, 2010)
* One or two large-scale integrated CCS demonstration by 2020
= Recommend relevant ministries establishing centers to facilitate CCS RD&DD

» 2nd 5-Year Plan for Green Growth (2014-2018)

v" Focused on GHG emissions reduction, sustainable energy system, and adaptation to climate
change

v' CCS Technologies : Long term operation of 10 MW pilot plants & CO, Utilization

O Korean ETS allocated a total of 1,598 million KAU to 525 industries for the 1st
period (2014.12.02)

> 100% & 97% free allowance during 15t (2015-2017) & free 2" period (2018-2020) ,
respectively

» Carbon price: US$ 9.091/tCO, [1 KAU (= 1 tCO,)]

O President Park’s Speech on the 3-Year Economic Reform (Feb 25, ‘14)
QO Increasing investment for R&DD of Clean Energy & CCS etc
O Established CCS Business Model

X Focusing on short-term goal with Energy efficiency and Renewables as
well as energy demand management

. R .5:»'_—r The first University in Korea
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Presenter
Presentation Notes
Due to this forecast, in 2009, the Korean government made a commitment to reduce greenhouse gases by 30% below BAU until 2020. For this, the presidential committee on green growth was launched and the committee has made major policies and plans to mitigate greenhouse gas emissions including CCS.
In the first 5-year plan for green growth, the Korean CCS master action plan was devised in 2009, and it  included a plan for one or two large-scale integrated CCS demonstrations by 2020. The 2nd 5 year plan was made including long term operation of 10 MW pilot plants and CO2 utilization.
Earlier this year, President Park announced the 3 year economic reform to increase investment for R&DD of clean energy and CCS, and to establish the CCS business model. 


Korean CCS Master Action Plan("10.07)

Korea Carbon Capture and
Sequestration R&D Center

MSIP (KCRO) (‘11-'20), $157 M,
Adv. CCS R&D www.kcrc.re.kr

KETEP(www.ketep.re.kr
= Two 10 MW post-
combustion Projects

v Phase | (‘10-'14):

rime Minister’s

/Sﬁz . 11 (C14-’17): Offlce
sasom (PCGG)
= 1 MW Pre-combustion S I P/M OSF

Project (‘11-°'15, $30 M) ME/MOF

Legal
Framework/
Korea CO, Storage
Korea CCS Environmental
Association(KCCSA)(’10-) Management(K-COSEM)
$0.45 M/y Research Center (‘14-'21)
www.kccsa.re.kr $38 M

O  MSIP: Ministry of Science, ICT and Future Planning, MOTIE: Ministry of Trade, Industry and Energy, MOF: Ministry
of Oceans and Fisheries, ME: Ministry of Environment, MOSF: Ministry of Strategy and Finance

. . The first University in Korea
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Presenter
Presentation Notes
The Korea CCS master action plan dictated the role of each government ministry. The presidential committee, PCGG, was given a central role in the operation. MSIP took on advanced CCS R&D with its subsidiary company. KCRC. MOTIE is handling CO2 capture technology development and demonstration with the Korea Institute of Energy Technology Evaluation and Planning (KETEP) and KCCSA. MOF is managing CO2 storage and ME is handling legal framework and regulatory for CCS. 

http://www.ketep.re.kr/

Corrected CCS Demonstration Plans

O One or Two Large-scale integrated CCS demonstration by'2020

QO MOF (storage) & MOTIE(capture) prepares Prefeasibility Report of DEMO (define
stage) and MSIP evaluates the feasibility of project (Execute stage)

Stage 1. Pilot demo Stage 2. Large-scale demo
(10-30 MW) (100-300 MW)
1st 2010 2014 2017 2018~
Demonstration Project 10 MW Post- Long-term 100-300 MW
(KCCS-1) Combustion Pilot operation of Demonstration
Plant (Wet & Dry) 10 MW PPs (Link to Storage)

Prefeasibility
Evaluation*

2 2012 2016 2018 ~
Demonstration Project
IGCC (or Oxy-

Wee=3, fuel) Pilot Plant

' Demonstration

=0 (Link to Storage)

A Allocated about US $1.74 billion
QO Government: $ 0.74 billion (43%), Private: $ 1 billion (57%)
O Need more capitals ($1.74B— $3-4B due to Storage infrastructure)

. . The first University in Korea
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Role sharing of CO2 storage

MOE + MOTIE
1E O &
(&2 Praoj)
ik
MOTIE
Ll o
kol L2l O o
= i e I :
(==+azh ﬁgja ﬁqm
l .# |
SEHO) L9
(HE)

= OE2E
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Details of CCS projects under operation or planning

1) MEST

KOREA CCS 2020 (KCRC):

Fountainhead researches on CCS '11~"19; 173 billion Korean Won

12HA| 2 CHA| 3ERA|
|
cHA| = CO2A17| = CCs Lab _CHEH H%%-IOI e
7l TERESES =28, mazIE HNES==
74 =t ZI=70= a=
daedEs 2 OS3 - o o= = -~ = .
cO E;TEI-!; anfij CO, ZET7|& 450|4H |CO. ZTZ|E AAEH [2lo|da  JHsFF
=5 AE malole m=| [HESHY HE 2 Z==srtel AZE| |ZETIE 47404t
- az=o|ar S| |l3ma 2452 =2 | |(10oNm/h 72) R et
— —3
CO. =& o ZHA = = o ol o — sHEFE=  X|Z= CO
1l = o e =ol= x}g =
CDQ 01|X|L|O‘|%! 7|§ =L C?z T e = ,_,:,?|§ C?z T H= T ,_|'?|?|§ 5 I—|T—|-A'| -y = o
7 — 1 = = == (=== =
= = _ chekddz| 7= A
CO: CO. +F7 H=EZI=| |[CO: 7771 TEZI=| |CO: w571 HEZI= aH;;Vj Iz;f ol AF
o &k 4Zo|a PHE EE HXAHY HE 2Z0|At Tojus AS ;HFE = =
=
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Macro Roadmap of Korea CCS 2020 Project: Storage
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2) MKE

- Planning stage on “Large-scale &

Commercial Scale CO2 Storage Project”
VvV Suggested budget: ~ 3500 billion Won
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3) MLTM

- “On-shore (Seabed) CO2 Storage Project”

Ongoing R&Ds (‘05-'15, 10 year)
2011 Budget: 5.5 Billion Won
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Main contents of the ongoing project



Action Plan of On-shore CCS Project (MLTM)
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4) MOE
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Major roles of MOE
-Capture and carbonation of CO2 using waste materials
-Monitoring and risk assessment of off-shore storage
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5. Conclusion

Korea is a follower of Carbon capture and storage (CCS) Research
and Development.

But Korea has achieved three miracles in Economy, Democracy
and Constitutionalism. Constitutionalism is based on rule of law.

MOE, MOTIE and MOF are now making its own draft bill of CCS.
Into the bargain, | am not formal representative of Korean gov't.
Therefore, it is a pity that | can’t introduce draft bill of CCS. Well-
Intended competition in legislation between MOE, MOTIE and MOF
can be desirable for making a good law on CCS. Once a draft of
each ministry is made, it is necessary to coordinate each
ministry’s draft bill in order to share its role with open-minded.

Especially, K-COSEM is strongly sponsored by UN Secretary-
General Ban Ki-Moon, | bet K-COSEM will show you a good output
on CCS soon.
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Thank you for your attention |
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