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Countries most
affected by extreme
weather events
(2000-2019)
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A Pathway to Lower Emissions

2018 2030 2050

Rapid Phase Out

g -~ of Coal Power and [ Rapid Phase Out of
- 8 Expansion of Y Oil for Transport
E & Renewable Power — and Feedstock
[T} 4

E C ti
2565 2570 o' ond Efficiency LTI *

(2022) (2027)

Renewables

Electrification

Future Technology (Must Start Now) Hydrogen Ha)

CCUS & Carbon Removal Measures [ilf:.: 38

https://theconversation.com/6-priorities-could-deliver-energy-breakthroughs-at-the-glasgow-climate-summit-theres-progress-on-some-already



Global Cement and Concrete
Association

7un: https://gccassociation.org/concretefuture/getting-to-net-zero/

GETTING TO NET ZERO

Societies need for concrete (in the absence of any !
action) is forecast to result in 3.8Gt CO2 in 2050. |

(Gt CO2)

Issions

COz2em

2020 2030 2050

A/

CO2 emissions from electricity

Net zero pathway Direct net CO2 emissions (Direct CO2

emissions minus recarbonation)

Contributions to
achieve net zero

Efficiency in design
& construction

Efficiency in concrete
production
Savings in cement & binders

Savings in clinker production

Carbon capture and
utilisation/ storage (CCUS)

De-carbonisation of electricity

COz2 sink: recarbonation

Total reduction

22%

% Contribution to net zero




gnsLaULNnINgANISANADL5UNS2AN
LB MIE [

walon Uszams unslown
UIDNTTUURND
World Leaders Summit COP26
1 waenmeou 2021

Net Zero GHG
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Carbon neutrality
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Carbon dioxide emissions/removals (MtCO,)
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Framework of CCUS TRM Project

Situation & Trend Analysis: PESTEL Approach
= Political, economic, social, technology, environment, and legal factors

= Focus areas: CO2 source, CO2 sink
= Stakeholder analysis

CCUS Technology Review
= Review of contextually appropriate technologies & approaches

= Identification of Key Technologies Selection of Technology Strategy
% = For carbon capture, utilization, and = Application roadmap

s storage in Thailand (CCS & CCU) = Technology roadmap

()] = Global and local technology

Deployment Mechanisms Monitoring & Evaluation System

= Science Research & Innovation (SRI)
program monitoring
= Qutcome and impact evaluation

= Science research & innovation funding
= Qutcome delivery units

£
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Conceptual Design of CCUS TRM @

2030 2040 2050
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Thailand’s
National
Adaptation
Plan (NAP)

Thalland is resilient with adaptive
capacity to climate change

and =
development.

Implementing starts

® Submission or [ LN s

Long-term Low Greenhouse Gas

Err » D = 1t Str
Implementing towards

achieving net zero GHG emission and
Carbon Neutrality within this century

Improve Energy Efficiency and

oy Sy
Transformation through
Decarbonizaton Derogdaton
= Decentralisation

s | ULUCF

350
300

200
150
100

Carbon dioxide emissions/removals (MtCO,)

2015

r— N

Aims to reduce GHG
by 40% with
international support

Achievement of CO-:
removals of 120 mco..,

69 % =hare or slectric
vehicles of new wvehicles in
the market whille
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international cooperation and
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this

ambition
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Awareness of Climate Change
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Black carbon, or soot, is part of fine particulate air
pollution (PM, ) and contributes to climate climate.

Aware of climate change

Less than 30%
30-39%
I 40-49%
W 50-75%
I More than 75%

m < I LIFETIME IN ATMOSPHERE:
T UPTO 2 WEEKS

Absorbs sunlight and
converts it 1o heat

Deaths from Since black carbon does not last long Less than 50%
' In the atmosphere, efforts 10 reduce it = ?g:?g:
will bring Immediate benefits for the . 80-89%

climate and human health, s I More than 90%

Stroko

24%

Heart duoseass Lung desease

20% 25%
Lung cancer Global geographic patterns of climate change perception, for a) awareness, and b) concern. Darker shading shows countries where
HEALTH 43% respondents were more aware or concerned. Light grey indicates countries with no data. Source: Lee et al. (2015).

= 7 million pollution-related deaths
cvery year

1 Public Perception of CCS

SNOW & ICE

‘3 ' Accelerates the meilting
. of snow and ice
WEATHER e

« Prevents clouds from
being formed

o Alters regional weather

patterns and rainfall

o
1

Mean public perceptions own country
[ %]
1

* Reduces sunlight
» Affects plant health

¥ T T T T T T T T T T T T T
athars BekivmDenmerk Finland  Francs Gemany ek N:H;:hnguuh Sweeden UK Morway Cma&l
i

Eastam

CLIMATE & ' Eurape
f' CLEAN AIR www.ccacoalition.org/black-carbon filtr1
S COALITION

Fig. 7 = Public perceptions of CCS in selected countries (where 1 indicates ‘strongly supportive, 2 ‘moderately supportive’, 3
‘on balance, neither positive nor negative’, and 4 ‘moderately opposed’). 17
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PESTEL Analysis for CCUS in Thailand

m Drivers & Barriers

Political

Economic

Social

Technology

Environmental

Legal

Drivers Barriers

Carbon National

Neutrality Net zero Energy

in 2050 in 2065 Plan

Increasing Business GHG
Carbon Opportunity In Reduction
Credit Price Carbon Market Mechanism

Increased Need to TH Network:
Climate reduce CO, TCCN, RE100,
Awareness emission CCUS Consortium

Development
Potential in New
Technologies

Impact of
Environmental
Problems

Limitation of
Forest

WSU.NS Carbon- EU Climate
wWaguudavanmw related Mechanism/

NDINALKOBIA Tax CBAM

Political Conflict
(Russia-Ukraine /
USA-PRQ)

Instability Across
Government

High
Investment
Cost

Global
Recession

Low public
Understanding
of CCUS

Lack of R&D
Funding at
Scale

Infrastructure
Readiness

Possible Damage
Arising from CCS

Weak & Delay Insufficient
Legal CCUS Insurance

Enforcement Support
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Carbon Capture, Utilization, and Storage (CCUS)
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1. CAPTURE 2 TRANSPORT CCS

from power, steel, via pipelines or ships
cement plants, etc. PIP p




aowunmwinalulag CCUS s:=au Global

International CCUS comparison

Per capita CO2 emissions
Carbon dioxide (CO:) emissions from fossil fuels and industry' . Land use change is not included.

Our World
in Data

14 t
12t
10t
8t China
)9
6t European Union (27)
Denmark
4t Thailand
Y
2t
0t
1800 1850 1900 1950 2021

Source: Our World in Data based on the Global Carbon Project (2022) OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO:) emitted from the burning of fossil fuels, and directly from industrial
processes such as cement and steel production. Fossil CO: includes emissions from coal, oil, gas, flaring, cement, steel, and other industrial processes.
Fossil emissions do not include land use change, deforestation, soils, or vegetation.

- 20

NENSTeC!

Population

GDP
(GDP/capita)

Emission
(ton/capita)

Forrest area

Electricity from
renewable (-
hydro)

GHG reduction
by 2030

Net zero

Expected
CCUsS
contribution /
target

69.9M

$506B ($7.2k)

2785 Mt (3.8)

38.9%

59% (2015)

-40% relative to BAU
= emit 137.3 Mtpa

2065

CCUS by 2040

446.9M

$17.09T
($38.2k)

279 Bt (6.28)

39.8%
18% (2015)
-55%

compared tp
1990

2050

5 Gt CCS, 7
Gt CCU by
2050

https://data.worldbank.org

$397.1B ($67.8k)

29.58 Mt (5.1)

15.7%

65.4% (2015)

-70% compared
to 1990 (already
at -40% by
2019, can
achieve -55%
without CCUS)

2050

4-9 Mtpa by
2030

20-50 Mtpa by
2050

1.41B

$17.73T ($12.5k)

1147 Bt (8.05)

233%

4.9% (2015)

Peak emission
before 2030

2060

2050 — CCU
420-560 Mtpa,
CCS 540-1430
Mtpa

https://ourworldindata.org/co2-emissions
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International |
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CCUS projects in Europe

Overview of existing and planned CCUS facilities

Loemany "l poLano

1.Wienna Green CO:* 1. H2morrow* 1. Poland EU CCS Interconnector
2. Leilac 7 2. GodECOPlanet®
4. DXYFUEL100 [subprojet of Wastkusts 100] REPUBLIC OF IRELAND
1. Leilac 1 4. HFGE Rostock®
2. Antwerp@C* 1. Ervia Cork CCS
3. Carbon Connect Dalta
5. CéU 1. Prinps CCS
4. North- CCU-Hub 2. RECODE 1. ECCO2

7. Power-to- Methanol Antwerp BV

1. Orca

9. HIBE*
1. Preem CCS*
BULGARIA 2. Silverstone” 2. Slite CCS
3. Coda Terminal® 3. CinfraCap
1. ANRAYE 4. BECCS@STHLME
5. Project AIRE
CROATIA TTALY
1. Petrokemija Kutina* 2. Cleankerk
2. Bio- Refinary Project® 1. Acorn®
3. Zero Carbon Humber*
7. Aramis* 5 Met7ero Teessida*
1. Greensand* 9. HIM* £ South Wales Industrizl Cluster
2. C4: Carbon Capture Cluster Copenhagen 4. H-Vision* 7. Peterhead CCS Power Station®
3. Bifrost* 5. Twenca* B. Acorn CO: SAPLING*
& AVR-Duiven 9. Morthern Endurance Partnership*
8 L10ces 11. H2H Saltend*
1. SHARC®
NORWAY
FRANCE  [eyee—"
1. IMX Demansiration in Dunkirk* 2. Longship [including Northern Lights]*
2. Pycasso® 3. Barents Blue*
3. Kt 4_Morsk e-fuel
& CalCCe 5. Borg Ci0* * Project where I0GP Members are involved )
5. Cryocap & Snahwit C0s Storage* ® EU Innovation Fund (11 selected, & awarded] Total number of projects: 71
&. MArtagnan 7. Smeaheiz Projects listed in bold are in operation

Around 80 MtCO,fyr stored by 2030
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awncowe | LAANEAAY CCUS Tu'lng

The Opportunity in
Southeast Asia

Opportunity factors for CCUS in a selection of Southeast Asian countries

Brunei
Darussalam

Indonesia Malaysia Philippine Singapore Thailand Viet Nam

Domestic ECI'z_ ® ° ° ° ®
storage potential
Potential to use CO2z ° ° ® °

for EOR

Legal and regulatory
frameworks for o* O o o* (o )y o*
CCUS in place

Industrial clusters

with COz capture ® ® ® ® ® ®
prospects

Recognition of CCUS

in long-term O ® ® [ ] (o]

strategies/goals

L
Targeted policies to
support CCUS

investment

Active pilot or
demonstration
facilities

Plans for commercial

CCUS facilities - -

Notes: @ = yes, O = possibly/partially; * = cil and gas regulations potentially applicable for CO, storage



AuwsSaumvuinalulag CCU (THAILAND)

Core-technology Subtechnology keywords - researchers - Exhibit Description Location Project owner TRL
public sector private sector
CO2 KU (Witoon T., Chareonpanich M.), Air Liguide CO2 to
hydrogenation to  VISTEC (Limtrakul J.), CU (Kim- methanol technology
methanol synthesis methanol Lohsoontorn, P.), NANOTEC green methanol 50000 ton/y planned PTTEP 3-5
CU (Reubroycharoen P., Assabumrungrat

S.), MU (Ratchahat S., Srifa A.), KKU

methane synthesis CO2 methanation (Chanapattharapol K. C.) 3-4
KU (Witoon T., Chareonpanich, M.), PTT
Thermochemical olefin synthesis CO2 to olefin VISTEC (Limtrakul J.), TU (Numpilai T.), (Sornchamni, T.) 3-4
Urea synthesis CO2 to urea none 0
Polyurethane synthesis CO?2 polyurethane none Dow?? 0
PTTGC, PTTEP
(Arayachukiat
S., Piromchart CO2 to cyclic
cyclic carbonate CO?2 carbonate VISTEC (D'Elia V., Crespy D.) T.)) carbonate 20 L/day PTIC Rayong PTTEP 6?
co2 AND
graphene OR CU (Assabumrungrat S., Charinpanitkul flare gas and CO2
carbon AND T.), MU (Ratchahat S., Srifa A., Koo- SCG Cement, conversion to
carbon-based materials nanotube Amornpattana W.), NECTEC (Adisorn) PTTEP carbon nanotube 1.3 tonnes/year Sirikit Oil Field PTTEP 67
CU (Suttichai Assabumrungrat), KMUNB
(Suwimol Wongsakulphasatch), KMUTT
syngas from methane (Navadol Laosiripojana), NANOTEC NANOTEC+PT
reforming (Kajornsak) planned TEP
olefin synthesis CO2RR NANOTEC, CU 2-4
formic acid synthesis CO2RR NANOTEC, CU 2-4
Electrochemical syngas synthesis CO2RR NANOTEC, CU 2-4
carbon based materials CO2RR CU (Panpranot J.) 2-4
solid oxide
SOEC (high temp) electrolysis cell CU (P. Kim-Lohsoontorn) ? 2-4
pietesnemies CO, CH4 photocatalytic CO2 NANOTEC, CU (Piyasan Praserthdam)




AuwsSaumuinalulag CCU (THAILAND)

Core- researchers
technology Subtechnology keywords public sector private sector Exhibit Description Location Project owner TRL
CO2 to Mabtaphut, .
carbonates sodiumbicarbonate 38089 tCO2eq/year Rayong Ui Aifles Bufiinaifin tigdu < 9
Mineralization CO2 curing
concrete aggregates concrete co2 SCG Cement concrete prototype 6
TISTR - Sopon, PSU 131N 88311 A1ih,
(Cheirsilp B., Prasertsan ~ tidan.ania
Biological microalgae microalgae oil P.), BIOTEC ( Powtongsook (), Ul B N/A N/A TISTR 6

S.), dinesisunnisidenisinems 15 Snswa luleyiea production

(9ANIININTW), NUAINeNAe Ty ]fn




https://www.pttep.com/th/Newsandnmedia/Mediacorner/Pressreleases/Multinational-Partnership-Aims-To-Establish-First-Green-E-Methanol-Plant-In-Southeast-Asia.aspx

> Jan.ad. SOunu 5 usun Taun

uos$ anda (Air Liquide)

Dunuoa widosLss1en (YTL PowerSeraya Pte. Limited)
DUAUNVANY 1By WWBWnN (Oiltanking Asia Pacific Pte. Ltd.)
LAUDDEA WISU Wwosdd (Kenoil Marine Services Pte Ltd)

o.W. lataos — wodn w/1od (A.P. Moller - Maersk A/S)

aouwutuUuﬁnﬁamnap “Green Methanol Value Chain
Collaboration” wos>unuAnuilomauazA>wduldia
tumsvadvlsvviunaansudiunuoa (Green e-

methanol) BolwavAsupuhATldNMSANSU
mSuauloponTsaBoNMwW mnwamsAnuUs:auWENSD DSy
msraasiwvisvmudunuvunus:inAadvaTus Boo:l0ulsvvIUNaQ
NSUBLUMUDALKOUSNUDVNUMAWLIZYA:IUDDNIYVIA Bduaa
msUaadapaimusisouns:on

Green e-methanol 1Wuniiviulaiwavnmividaanmu
WI1IKUIgUDYDVANISNhIVvAhtLlas:KhI1vUus:Lnea

ﬂnternationgl Maritime Organization - IMO) U a.n.

2030/2050 nd:=awsavdrgaamsuassmsuaulasanlvala

oghvildususssu




AaIvwsaumvoinalulagd CCS (GLOBAL)

CO, capture in power generation

Coal - chemical absorption
Coal - oxy-fuelling
Coal - pre-combustion

Natural gas - chemical
absorption

Biomass - chemical absorption

CO, capture in cement

Cement - chemical absorption
Cement - calcium looping
Cement - oxy-fuelling
Cement - physical adsorption

Cement - direct separation

CO, capture from air

Direct air capture - solid
Direct air capture - liquid

CO, capture in iron and steel

Direct reduced iron - chemical
absorption

Smelt reduction - oxygen rich -
physical adsorption

Blast furnace - process gas
hydrogen enrichment - chemical
absorption

Direct reduced iron - physical
adsorption

CO, capture in chemicals

Ammonia - chemical absorption
Ammonia - physical absorption
Methanol - chemical absorption
Methanol - physical absorption

Methanol - physical adsorption

High-value chemical - physical
absorption

High-value chemical - chemical
absorption

Ammonia-physical adsorption

CO, capture in fuels production
Natural gas processing

Hydrogen from gas with
carbon capture

Biomethane with carbon
capture

Ethanol from sugar/starch with
carbon capture

Ethanol from lignocellulose with
carbon capture

Hydrogen from coal with
carbon capture

* Full-chain CCS is very mature globally.

CO, transport
Pipeline
Ship - port to port

Ship - port to offshore

CO, storage

Enhanced oil recovery
Saline formations

Depleted oil and gas reservoirs

CO, use

Urea
Concrete
Methanol

Synthetic methane

Synthetic liquid hydrocarbons

TRL level by IEA 2020

DEMONSTRATION

EARLY ADOPTION

Early adoption

Demonstration

Large prototype

/




a>d281v CCS Projects (GLOBAL)

Saline formations

9

EARLY ADOPTION -

Unconventional storage

Location : Stavanger, Norway
Size : 1 Mtpa
(1998-2020 stored more than 19 Mt)

Location : southwest Iceland

Size : 87,000 t
(since 2014)

9

= ‘* EARLY ADOPTION -
Depleted oil and gas fields

Acorn Project
Location : Weyburn, Canada

Weyburn—Midale

L ion : | K
Size : 2.4 - 3 Mtpa ocation : Scotland, U

(Over 30 Million tons injected since the Size : Aim for 1.5—2.0Mtpa
project startin 2000)




NANOTEC
Internal use only

(Private-Use ONLY)

EGAT (Mae Moh Coal-fired Power Plant) (CCU)
Artificial carbonate

EGAT, DMF and PTTEP (Mae Moh Basin) (CCS)
EGAT, DMF and PTTEP (Lampang Basin) (CCS)

S1 Project (CCS)
SCG (CCU) Syngas and hydrocarbon Chemicals

PTTEP (Phu Horm Project) (CCS)
EGAT (Nam Phong Power Plant) (CCS)




€0, O PRV EI]%

h-=3]88 = @"
i =257 [

CO2 capture for CCS Transportation

It

* Direct air capture * Pipeline

* Amine-based carbon * Truck
capture « Ship

« Toward maturity.  Need more

study to fit to

Thailand.

C02 storage

EOR

Saline formations
Depleted oil and gas fields
Unconventional storage

Mature but site-oriented.
Need to consider source-
sink matching
(clustering).




Review Technology CO2 Transport (GLOBAL)

Weyburn—Midale %
ri_lq Location : Weyburn, Canada =
Pipeline Size : 2.4 - 3 Mtpa "
Distance : 330 km -
Location : Stavanger, Norway ;é
@ Shipping Size : 1 Mtpa %E
Distance : >15 km (offshore) 92

Cb Truck

SaskPower

Location : Saskatchewan, Canada
| Size : 1 Mtpa

Distance : 50 km

BASIC
RESEARCH

Petra Nova

Rail Location : Texas, USA
al Size : 1.6 Mtpa

Distance : 80 km

PIPELINE TRUCK

- TRL9
[ RAl - TRLS
[ - TRL7

- TRL®

- TRL5

- TRL4

SHIP - TRL3

-TRL2

- TRL1

COMPRESSION |

& TRANSPORT
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Timespan

1999:2023

Authors

2686

Author's Keywords (DE)

2266

Authors of single-authore

14

References

47590

Documents

821

International Co-Authors

01.77 %

Document Average Age

3.95

Annual Growth Rate

16.37 %

Co-Authors per Doc

9.98

Average citations per doc

17.95
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Setting the Stage
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Carbon Capture and
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Carbon Capture and Storage (CCS)




