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Nationally Determined Contribution (NDC)

2019 Thailand’s Green House Gas Emission
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A. Sustainable Process Optimization (Physical Transformation) Unit Operation
Multiple Units
A1. Process Integration
Process

Multiple Processes

Energy

Hierarchy of Production Processes

Methods Scale Outcome
Stoichiometric targeting *  Molecular *  Minimum raw material usage
(Less raw materials and waste reduction) *  Minimum waste

*  Maximum yields

Reaction pathways synthesis *  Molecular *  Alternative reaction routes
(New reaction pathways for higher production
Effir.iency efficiency)
Feedstocks, Time, Distillation network targeting *  Process *  Optimum separation
Industrial Water (Optimal range and high efficiency for product e Unit boundaries
inputs, <:> Bk separation) *  Molecular *  Optimum product distribution
Raw materials resources Heat integration *  Process *  Minimum vutilities usage

(Efficient use of thermal energy)

Materials Resources .. .
Process simplification *  Process *  Minimum process steps

(Minimization of processing steps)

Industrial symbiosis *  Process *  Maximum resources utilization
Sources: (Resources sharing to maximize utilization rate) e Multiple *  Minimum waste discharge
1. El-Halwagi M.M., in Methods in Chemical Process Safety, 2023 rocesses . Minimum raw material usage
2. Kim J., et al., Energy, material, and resource efficiency for industrial decarbonization: P R .. . 9
A systematic review of sociotechnical systems, technological innovations, and policy * Unit * Minimum processing steps
options. 2024
3. Decardi-Nelson B., et al. Generative Al and Process Systems Engineering: the next A

frontier., 2024
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A2. Process Intensification

Reduce
Equipment
Size

—

Reduce Waste

Production
Process

Eco-friendly
Production

Improve
Efficiency
Minimize
Energy Use

—

Commercialization of “Process Intensification” Technology

Leading global companies such as Shell, Sasol,
Linde, UOP Honeywell and others have continuously
invested and commercialized “Process
Intensification” to improve process efficiency in all

aspects
) olinite saso. 34

Conventional units Process intensification

Reactor

Heat exchanger ' {microchanel)

|

Micro heat exchanger

k Direct s aquence

A

Distillation

Intensified sequence

Dhviding wall ealim

o] -

Reactor Distillation Reactive distillation
0-0 0-0-0
o . e o | e e
Catalysis Bifunctional catalysis

Sources:

1. Gutiérrez-Antonio C,, et al. , Process intensification and integration in the production of biojet fuel, 2021

2. Sullivan N. et al., Development of a novel ceramic microchannel reactor for methane steam reforming, 2021
3. Lerou J., Microchannel reactor architecture enables greener processes, 2010
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Examples

s Microreactor
N I

Reactor productivity (bpd/tonne)

Microchannel reactor

Hot inert

gas outlet ‘ »

ol gas inlet
Non-catalytic
12 { @ 360bpd Inlet C
assembled €O, + H, backing layer
10 microchannel
reactor
8 4 Sasol -Oryx
6 -
&1 Shell -Pearl
2
Shell -Bintulu
0 T . . . i .
0 2000 4000 6000 8000 10000 12000

Scale of single reactor (bpd)

‘% Smaller Size

—> Higher
Productivity

P PN

Microchannel
Reactor

@ Larger Size

@5 Lower
N2y Productivity

Traditional Reactors

Microchannel reactors offer higher efficiency in
Fischer-Tropsch synthesis.
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B. Sustainable Industry 4.0 (Digital Transformation)

DIGITAL R&D DIGITAL ENGINEERING DIGITAL HANDOVER DIGITAL OPERATION
B1. Digital Twin Technology + Smart loT & Automation

B2. Generative Al “ \ 4©_<j> - ﬁ @ L_] L—J [.U.ﬂ,ﬂnj
periment design,

Conceptual lew-d Control design & Virtual Health Snﬂdtnh; llnl-li-t
promn design  enginecering design verification commissioning maonitoring optimization

: pcd
omerve s &), (T == U H O —
= &€ Digital Twin ot l -

Process Optimization andamalys  pineriment

52 : S — o —
Product Development Caialvin digital twin -n;n.u.u. = 0 | e I — . Ny N
- and Real-time Updates Laboriviny-scale = 1 a b b 1 L]
Decision Support Generative _ N e LAl el - U owe ) W —
Al Operational Efficiency Detailed Process Design of Operation Run leagth Operation
Inte g ration Pilot-scale i design hon policy training prediction decision support
- L ] - >
Experimental DT Engineering & Construction DT Operation & Maintenance Performance
DT
[5[5 Benefits of Integration } +

Enhanced Capabilities T S e me s s S S e T R e e

] Ny Ay
i I Control acti 4] 4
Al Analysis of Data | /DLTE-IS; " Molecular scale Process scale !
Pattern and Anomaly Detection i o ) :
! 207\ i 1
i ~o-0- !

i -0,

o L »elX :
Leaders in the field: : s> i
~, / )
' [— 1
: S B :
)
)

Process Control
&
Monitoring

(Waspentech SIEMENS /\nsys

-

® Several digital twin platforms and Generative Al are available from leading companies, e.g. '

AspenTech, Ansys, Siemens, etc.

)
| ]
ll
: 20 .\ :
. . . 1 ¢ 2 9) b i
® Cyber-security needs to be enhanced to a level where companies feel safe. Then widespread i ¢ })—ba-::><”—> o § ]
. L) s0 |1
adoption of Digital Twin technology will become significantly more feasible. I ® ° 5 |
I =t 0= |-tO- 1

| prccass variables pronsas garities ¢ s

] 1 3
Sources: ' it Fault data _] j N S
1. Perno M., et al. Implementation of Digital Twins in Process Industry, 2022 1 : ' :
2. Libing G., et al. Process digital twins and its application in petrochemical industry, 2022 L3 Y ¥

3. Decardi-Nelson B, et al. Generative Al and Process Systems Engineering: the next frontier., 2024 N i s =
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(@) Biomass
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Global Potential of Bioenergy Feedstocks

Global Bioenergy Supply in the Net Zero Scenario

EJ 120
Bioenergy supply is expected to
2040 2050 gy supply p
100 increase until 2050
80 2030

2020 The traditional use of biomass &

60 2010 . . . bioenergy slightly decrease within

2050
40 |
20 In 2050, over 60% comes from
I sustainable waste streams
: MAURITIUS
© Conventional bioenergy crops @ Traditional use of biomass © Organic waste streams MOZAMBIQUE

® Forestand wood residues O Short-rotation woody crops  © Forestry plantings
Source: bioen-scope chapter14.pdf (bioenfapesp.org)

Generation of Biomass

1% Generation: Eatable 2" Generation: Non-Eatable 3" Generation: Algae 4™ Generation:

e

Source: Ministry of Energy (ADEP2015), Gérardy et al., 2020, Zhang et al., 2023 (Review article)
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Innovative of Biofuels Routes

A range of next generation biofuels are under development using thermal or biological routes as summarized in the Figure.

Feedstock Pretreatment Intermediate Product

—
mmmmmms 2 Pretreatment/ " Ethanol,
g hydrolyis fenentaiion BEENEEEA  butanol
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The six next-generation liquid biofuels presented are:

Agricultural
residues

1. Advanced Bioethanol

Biomethanol

Municipal

Advanced Biodiesel
wastes

Hydrothermal Upgrading (HTU) Biodiesel

e lretreatment Diesel,

o &9 KA O B

i Pyrolysis Pyrg'_l)( i and jet fuel,
fé’!.ﬁs.f.?s ] hydrogenation gasoline Hydrotreated Vegetable oil (HVO) Biodiesel
Algal Biofuels
— Syn-gas
f tati . . . .
SHREEEEE Note: These liquid biofuels are based on processes still
Gasification M s her Tropsch undergoing research and development or at a pilot
Mixed stage.

ICatalysis/refining mmmg  higher

alcohols

Source: Next generation biofuels derived from thermal and chemical conversion of the Greek transport sector - ScienceDirect
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Global Leader of Biomass Company

POET

EnviTec Biogas @

Q. Renewable
Q4 Energy Group

verbio

Biofuel and Technology

drax
&

cropenergies

C

cosan

'
enviva

Enerkem

Green Plains

Thailand's Biomass Company

Center of Fuels and Energy from Biomass, Chulalongkorn University, Saraburi Province

CrPrP

PPP GREEN COMPLEX

Corbion
PUlrac

Source: Net Zero by 2050 (IEA), Umakanth et al., (2022), Zhang et al., 2023 (Review article), https://ww

Production of Diesel, form Waste Plastic Liquid Fuels for Electricity Generation from Palm Oil and

Reactor 2000L/d Supported by PEA

Animals Fat by Catalytic Pyrolysis (Pilot Reactor)

12y oty sis F s st i odl (Redctar)

Production of biofuels, particularly bioethanol and biodiesel. Additionally, there
are plans to expand into high-quality products such as Sustainable Aviation Fuel
(SAF) and biosynthetic products.

PPPGC

Production of palm oil, refined palm oil, and biodiesel. It also utilizes by-products
to generate biomass energy and biogas through advanced technology.

Purac (Thailand)
A global leader in lactic acid, food preservation, biochemicals, and polymers
made from lactic acid, with a production capacity of 125,000 tons of lactic acid
per year.

e Univarsity
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Value-added product

Cost of raw materials and selling prices for products ($/t)

y of Practice

TIChE

Raw Material Cost Product Selling Price
Corn grain 210 Corn grain 260
Wheat 260 Wheat 290
Corn stover 60 Ethanol 667
Wheat straw 60 Green gasoline 1063
Miscanthus 56 Biodiesel 841
Forest residue 47 Hydrogen 1580
Algal oil 131 DDGS 170
Woaste cooking oil 200 Glycerol 600

*

1. Technology and Cost of pruduction

2. Government policy

3. Sustainable supply chain management

[ Biomass Collection ] [ Pre-Treatment J [Sforuge of Biomass]

1 | |

Reduced biomass Incredhe, Increased
2 pre-treatment 25
collection cost o storage efficiency
efficiency

I I l

Diverse source of biomass Innovative pre-treatment Reduced storage loss

Based on European Union prices
Challenge and Future Opportunity

Final Conversion
and Energy Production

Mg

Efficient collection system

Use of low-cost feedstock

/1132416, https:/lwww.mdpi.com/2227-9717/8/12/1588

Improved pre-treatment

Increased energy density

» Optimizedinventory management



Decarbonization in Oil & Gas Industry

Feedstocks Products
and Process and
Resources Wastes

@.cess Improvement
+

Electrification @@ Circular Economy
Ok

rbon Capture, Utilization
Storage

E

,Gnmmunily of Practice TIChE




S

Electrification 0 Best Research-Cell Efficiencies https://www.nrel.gov/pv/cell-efficiency.html it Q!MBQEL Dg ‘
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IV Multijunction Cells Thin-Film Technologies Hybrid Tandems (2-terminal) FhG-ISE
8- (2-terminal, monolithic) © CIGS (concentrator) A Perovskite (4, 685%)
LM = latlice malched ® CIGS iC

ile
MM = metamorphic O Cdle DO Perovskite/CIGS
IMM = inverted, metamorphic: O Amorphous SiH (stabilized) W VS

44 =V Two-, three-, and four-junction (concentrator) Emerging PV

¥ Three-junction or more (non-concentrator) {o]
A Two-junction (non-concentrator) o
= N o £ L
40 fl}ng‘\e Junction GaAs & o
Single crystal * czTs
% l{smf‘mrfm‘l i < Quantum dot cells
36— 1-{Hm Gy © Perovskite tandem cells
Crystalline Si Cells
s B Single crystal (concentrator)
.\a | = Single crystal (non-concentrator)
2 32 O Multicrystaliine
@ Silicon heterostructures (HIT)
5 V' Thin film erystal
< B
L
i)
= 4
w
©
O X

Matsushita

NREL
uro-CIS

Solarex
olarex

12+ Boeing, . Kodak Kodak ARCO

REL niSolar

of Maine

L1
2005

Levelized Cost of Energy

Technology LCOE*($/MWh)
Solar PV - Utility 29-92

Concentrated Solar Power 118

Cost (per watt)

$3.40 $328
— .

$322  $321 313 g303 $316
. . . . LS

Gas Combined Cycle 45-108

2010 201 2012 2013 2014 2015 2016 2017 2098 2019 2020 2021 2022 2023 Coal 69-168

. - o SoTReviows| [ Source: Lazard (2024), IRENA 12
Source: https://www.solarreviews.com/blog /how-has-the-price-and-efficiency-of-solar-panels-changed-over-time
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Small — physically a fraction of the size of a conventional nuclear power reactor.
(1 to 300 MW Small modular reactor , 1-10 MW Microreactor)

SMALL MODULAR REACTORS (SMR) Modular — making it possible for systems and components to be factory-

assembled and transported as a unit to a location for installation.
Pressurizer

Keeps the coolant at high pressure to
prevent boiling.

Reactors — harnessing nuclear fission to generate heat to produce energy.
Reactor Coolant Pumps

Used to circulate a coolant through the
reactor core to harvest heat and control

core temperature. Avemge Cos't
($/MWh)

$$% 4

Steam Generator

Using heat from the reactor core, steam
is produced which is later used to turn a
turbine and generate electricity.

Larger nuclear reactors achieve
lower costs by producing greater
quantities of electricity and
unlocking economies of scale.

SMRs achieve lower
per-unit electricity costs
via these cost-savers:

¢ Modularization

* Design
Control Rods Simplification
Made of materials like boron and
cadmium, control rods are used to - Dasign

change the rate of fission or stop Stardardization
the reactions completely.

* Regulatory
Harmonization

Core

Fuel in the reactor core undergoes Electrical
fission - or the splitting of atoms - > capacity (MWe)

with the accompanying release of heat.
¥ SMRs Large Nuclear Reactor  #£#

Source: Nuclear Energy Agency via OECD | Chart is for illustrative purposes only.
. . Cosls per unit of eleciricity is an average over the project’s lifetime.
https://thoughtleadership.rbc.com/think-small-how-canada-can-make-small-modular-nuclear-

https://www.motive-power.com/visualized-the-four-benefits-of-small-modular-reactors/ 13
reactors-a-priority/
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Global map of SMR designer

United States/NRC

Canada/CNSC

Russia/Rostechnadzor

Case study of SMRs

Il Licence to operate
approved

B Licence to construct
approved

Seaborg Technolegies
| Thorizon f :
E:{n‘:‘inah-;:nny _TEEZ?;:‘ -4 |h = [omedonccrud] chinamnsa [ I Design approved
KT \ momrmm \ United Kingdom/ONR [ Licence application
’," ["MohexruEx w‘\\ -
L i - . . - France/ASN submitted
USNC / i mJ A e
[ Nuscale Power ’ Laernefgy- Hexana \\ :/ Korea/NSSC - Pre-licensing
| Kairos Power Xenergy | | Blye Capsile "
oMo / Technology
|_FiibeEnergy | / \IJW”““"DWL"Tl,}lﬂa"uwmmv 43 Solutions Corporation )
[ Folec ematonat_ | | Indonesia/BAPETEN
GE mmdm;uzln- Energy / " Stratek Global J Finland/STUK
™ &om |
" J Czechia/SUJB
LEGEND FN\ET}
[ tocatonsofsur Argentina/ARN [l
o designer headquarters
0 5 10 15 20
SMR Projects
Design Oputput MW(e) Technology Type Designer Country Status
CAREM 30 PWR CNEA Argentina Under Construction
ACP100 125 PWR CNNC/NPIC - China Under Construction
BREST-OD-300 300 LMFR NIKIET = Russian Under Construction
KLT-40S 70 PWR JSC Afrikantov OKBM = Russian In operation
HTR-PM 210 HTGR INET, Tsinghua University B china In operation
HTTR 30 HTGR JAEA [ ] Japan In operation

PWR: Water-cooled small modular reactors
HTGR: High - temperature gas cooled small modular reactors

LMFR: Liquid metal cooled fast neutron spectrum small modular reactors
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Hydrogen Types of Hydrogen

Chala)

Why hydrogen is important?

! Hydrogen demand by sector in the sustainable development
Hydrogen 600

d J:\E=7Process i

500
e ) @) ok erosen
&5 0
Gasification co, — ‘ Brown Hydrogen
300
Coal
Biomass \ P 200
‘ - . Blue Hydrogen

‘ ccs 100

©

. Grey Hyd 0
o y Hydrogen

MtH,/yr

co, 2019 2030 2040 2050 2060 2070
Reforming B Refining oPower
O Transport @ Buildings
Natural Gas (Energy Technology OIndustry @ Synfuel production
<’ Perspectives 2020, IEA) @ Ammonia production

Pyrolysis . ..
QlIncreasing demand for hydrogen as a transition

toward net zero goal
-1

] O Sllow Hydroger NN
C02 CARBON ¥ ze¥o
Power Grid Water % (1’1530 2030 "‘\"_'ﬂ“' 2050 @ 2060

% Oxygen
& ¢ — ‘ Green Hydrogen
£ n IH'
Renewable Energy w

Electrolysis
(2
-y

Nuclear Waste

|

Nuclear Power
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(Farhana et al., 2024) ) s
12.00 100%
o~ 10.30
. < 10.00 L 4 80%
m Methane Reforming (SMR) 3 o
2 8.00 Q
@ 60% .
) SMR ) + ‘ 3 © 6.00 2
Cco, a 8 40% G
= S 4.00 £
. Fossil Fuel . With CO, Emission p 3 . w
S T 2.00 20%
S T 85% 40% 80%
T 0.00 0%
o fo . T
@srﬁcatlon E Steam Reforming Gasification Electrolysis
T . Efficiency (%) ‘ H, Production Cost (USD/kg)

») CED )P »

o 9 ”
co :'é 8 Average Cost of Hydrogen Production (— Reduclng\
2
Blomasls é 7 The levelized cost of producing H, in 2020, : Pmduwonl
Opt . .
(Optional) .W“h CO, Emission S ,  the NZEs Scenario, 2030, and 2050 ] :
X A ~
. \aLniIneada 5 (Energy Technology Perspectives 2023 - Analysis - [EA, 2023) : :
1 1
4 i 1
— —— \ I 1
3 | — |
2 L] |
1 1
1Dl ooom O @ ;
\\-____——__—’
0
2020 2030 2050|2020 2030 2050|2020 2030 2050|2020 2030 2050|2020 2030 2050
Natural gas w/o  |Natural gas w/ CCUS| Coal w/o CCUS Coal w/ CCUS Renewables
Hy 2 CcUs
ﬁEIectrlCIty égé Without CO, Emission ‘
CCS Project at Arthit Gas Field 17

PTTEP
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Technology Readiness

Hydrogen production cost (refered to raw material and energy (Energy Technology Perspectives 2020, [EA)

(EI-Emam & Ozcan, 2019)

263 8,5 4 Low-carbon Hydrogen use Hydrogen use

597 8.0l ) Fossil-based ammonia with ;
; : Electrolysis carbon capture High-temperature fuel cells
Natural aas reformina with Fossil-based methanol with .
2.18 5.46 Electrolysis for methanol and Co-firing ammonia in coal

hydrogen production in industry in power generation

R i ammonia
136 350 Coal gasification with CCUS power plants
Blending into commercial iron
0.86 MetEN 1.89 o
f = ‘ : . . Methane splitting processes
0 2 4 6 8 10 12 14 16 18 Full hydrogen direct reduced
Production Cost(USD/kg) fron
Average investment per year in infrastructure for hydrogen and natural gas WIS ENERCyp  Demonstration | (CECIRIRISHES
(Energy Technology Perspectives 2023 - Analysis - IEA, 2023)
~ 10 Challenges
(2}
& °
g 125 @ O Ammonia conversion and reconversion u |nfrastructure || Ammonia
§ @m Ammonia Shipping
g 100 Blue Hydrogen
o Liquefied Hydrogen (LHZ))
]
75 ® CCS in the gulf of Thailand

@ Hydrogen Refueling Station (HRS)

o

50 H, underground storage
Green Hydrogen
25 ° H, pipelines
® Cost of Electrolyser ™ Renewable Energ)
E Natural gas infrastructure
T T T T — | 18

2016-2021 2022-2025 2026-2030 2031-2040 2041-2050
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Carbon Capture, Utilization, and Storage (CCUS)

Capture
1. Pre- and Post- combustion 2. Bioenergy with Carbon Capture and 3.
- Pre = Combustion Capture Power Storage (BECCS)
Power Cco,
Fuel —» : 2 H, 2 1‘
Alr — Conversion —» Separaton —» Combustion —»N, O, H,0
¢ T CO,—»  Biomass —» Combustion —» Separaton —>»N,0,H,0
co, Air l H
- Post — Combustion Capture Conversion —» Separation —» Combustion —»N, O, H,0
Power T l
T C%_, Air  Power
Fuel —-

Air . Combustion — Separation —»N, 0, H,0
Project cost: $207 million (of which 68% from federal funding
Total capital and operational cost of the project: $28.35/tCO2

CO,
2 mirsumism ICCS Capture,

Injection &
SRy e Compression, Storage
KM CDR Process™ Reliable Solution FE o & Dehydration
. - ; Commercl 5.0 million mt
Accumulation of technologies and experiences 2,200 mt/day g
g g
ADM Ethanol Plant £
2
3
]
o
2
5
g
o
P— 0
Capture, Injection &
IBDP Compression, Storage
& Dehydration
. 1.0 million mt
MH| Test Facility MHI R&D Slmulalwrs (CFD etc.) M?lil Large Scale FGD Experiences Geo.l?g ICGI Sto rdge Of 1‘100 mt"d‘y
36'L x 18'W x 105'H Lalueamoun(lifﬂu‘egas 1 million TCO2 wdas
i achieved in November
‘ ot

https://www.globalccsinstitute.com/wp-content /uploads/2021/10/1- gtftf::/ﬁlewje:z::en:;gy'com/wP-comem/Uploqds/2023/03/BECCUS-]'O_US-CGSG-
6_P1_S6_MHIE_Takashi-Kamijo.pdf kit

Source: hitps:fwwiinkedin comlpulselcement-concrete-cart
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Direct Air Capture

Air—» Separation —»N, O, H.,O

-

co,
DAC
Capture capacity 0.5-1
(MtC/year)
Levelised cost of Up to
capture (USD/C) 340

Source: https://carboncredits.com/how-direct-air-capture-works-and-4-
important-things-about-it/

CO: capture cost at varying CO; concentrations, 2020

250
DAC
@
200
150
100
Powerg ) _ @ Ironand steel
generation  ©
Hy (SWR) . Coal to chemicals £
o NGprocessing g 0
0
0 10 20 30 40 50 60 70 80 90 100

CO; concentration (%)

https:/ /iea.blob.core.windows.net/assets /97 66b4da-a5e3-4d76-874d-
€a286e333956/DirectAirCapture_Akeytechnologyfornetzero.pdf



Carbon Capture, Utilization, and Storage (CCUS)

Utilization

1. Direct utilization

Enhanced oil recovery

CO2 utilization

technologies
g i
N

Purchased CO; (= Injected CO, Recyel

h L
Chemica
Clean energy Electrochemistry precursors ?
Low-carbon “~. Mlcroblal
hydrogen synthesis Polymers
s £
. Fossil inputs ThermocatalySIS
0, > Direct route
D?]J — Indirect route
Captured €Oz ZIIIIiiiiz Optionalinputs

Source: [DTechEx Research, 2022

Abdullah, N., Hasan, N. Effects of miscible CO, injection on production recovery. J Petrol Explor Prod Technol 11, 3543-3557 (2021).
https://rmi.org/from-waste-to-value-how-carbon-dioxide-can-be-transformed-into-modern-lifes-essential-products/

https://cstep.in/drupal/sites /default /files/2024-11 /Carbon-to-chemicals_A%20techno-commercial%20assessment.pdf

EQF
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2. Conversion of CO2 to useful chemicals/materials

&
&f

CO: utilisation
pathways

£
S

%%
%:’%

Challenges of CO2 conversion to

useful chemicals

* Technology Readiness: TRL 4-7

* Improving process efficiency and
energy efficiency

* Hydrogen and Energy Input

* Catalyst Development

*  Purity of CO2 feed

1



Carbon Capture, Utilization, and Storage (CCUS)

Carbon Storage

CCS Projects in Thailand

1. Arthit upstream CCS Project

THE GULF OF THAII.AND |

Wellhead Processing Injection

o _ Platforms Platform 3 \;ll::lfhead
i i form
o O e

¥ . 5
Seabed u L # qas for sales

Produced Gas | ' 4 ) CO;stored in
 depletedireservoir

[ NaturaliGas
<

o Natural Gas Production o Capture and Compress o Transport o Geological Storage
Gas containing COz is produced | COz (concentration at >95%)is | CO is transported from 0z compressed at 150 bar
from natural gas reservoirs at captured from produced gas by | capture-compress facility to the | pressure is injected back into
wellhead platforms membrane technology and wellhead platform for injection | the specified depleted reservoir
compressed for transport for permanent storage

Source: PTT Exploration and Production Plc BANGKOK POST GRAPHICS

Source: PTT Exploration and Production Plc

L eor

Chulslongkern University
AnasnSInmANmAY ¥ community of Practice

First national CCS pilot project--Aiming to commence operation in 2027 at

Arthit concession area.

Utilize the existing E&P infrastructure to capture CO, from E&P activities,

then reinject into the subsurface.

Aim to reduce up to 1,000,000 tonnes of CO, per year.

2. Eastern Thailand CCS Hub Project

Eastern Thalland
Carbon Capture and Storage (CCS) Hub Initiative

Large-scale CCS implementation to support
long-term decarbonization of domestic
industrial clusters along the East coast.

Collect CO, emissions from industrial sources in
the east coast, then transport to offshore for
storage in the Gulf of Thailand., where multiple
emitters can take advantage of a single
Transportation & Storage (T&S) facThis model
represents the so-called CCS.

Expect to be operational by 2033 and will have a

CO, storage capacity of approximately 6 Mtpa.
2
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Carbon Capture, Utilization, and Storage (CCUS)

Challenges and Future Prospects

Costs vary greatly, but capture is usually the most costly step in the

CCUS value chain

Example projects ($/tonne)

High-Cost
Northern Lights, Norway/EU
Phase | @ 1.5 Mtpa

253
Storage 58
Transport 87
Low-Cost
Santos Mocomba
Australia
Capture 108 S,
T 22
C
LCOCCUS @8% LCOCCUS @8%

Source: Wood Mackenzie Lens CCUS Valuations

Low-Cost
Capture & Storage
High-Cost Transport
Summit Energy
US Midwest

82
S

-

C
LCOCCUS @8%

Typical project

»

Onshore

35-145
Storage
Transport
Capture
LCOCCUS @8%

Offshore
with Shipping

90-240

Storage

Transport

Capture

LCOCCUS @8%

! gor@
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Challenges

* High costs — The cost of carbon capture and the development of
infrastructure for carbon transportation and storage still require massive
investment.

*  Policy — The lack of clear supportive policies from the government.

* Collaboration — Collaboration between the government, private sector,

educational institutions, and the public.
Opportunities and Future Prospects

* Decarbonizing Hard-to-Abate Sectors — decarbonization of process
emission from large sources, such as cement, refineries, and chemical
industries.

*  Global Policy and Regulatory Support — i.e. government policies,
regulations, incentives (subsidies, tax credits, and funding for CCS

infrastructure.

e Utilization and Circular Economy — conversion of captured CO3> into

valuable products, e.g. synthetic fuels, building materials, plastics and
2

chemicals.



Decarbonization in Oil & Gas Industry

Feedstocks Products
and Process and
Resources Wastes

@.cess Improvement
+

Electrification @@ Circular Economy
Ok

rbon Capture, Utilization
Storage

E
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Circular economy is the utilization of existing resources within a system to

maximize benefits while minimizing resource consumption

(4

o= Global Circular Economy

Objectives
Establish sustainable products as the standard in the European Union.
Focus on resource-intensive sectors with high recycling potential, such

Reduce pressure on natural resources and create sustainable job growth

Achieve climate neutrality in 2050

as plastics, construction, textiles, and food.

Reduce waste generation.
Enable circularity for people, regions, and cities.
Lead global efforts in advancing the circular economy.

Technology readiness of plastic recycle

Recycling Mechanical Depolymerizatio Pyrolysis
Technology Recycling n
PET 4 3 2
PU 2 3 3
PA 1 3 3
PS 4 3 4
PE 4 1 4
PP 4 1 4

Potential level: 4 = High, 3 = Medium, 2 = Low, 1 = very Low
Highlight = Currently applied technologies. Source: Boston Consulting group

COF @
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S

H Source: https://petromat.org/homef/circular-economy-model/
Benefits

Reduce waste, enhance value, and maximize the utility of
used materials/waste.

Sustainably recycle and reuse resources.

Minimize landfill disposal and incineration, leading to
reduced carbon dioxide emissions.

Resin Consumption vs. Collection for Recycling

Total of Local Resin Consumed Tons CFR

LDPE/LLDPE

rLDPE/
rLLDPE

PET Poyester

3.5m tons of resin 0.6m tons
consumed per year

year

Source: Market Study for Thailand: Plastic Circularity Opportunities and Barriers 25
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Mechanical Recycling ENV' CC"‘

* Recycling without chemical alteration involves collecting and
sorting materials before processing.

*  Example: ENVICCO utilizes cutting-edge technology to enhance
accuracy and efficiency in sorting, particularly for PCR PET and
PCR HDPE.

* Collaboration: PPC and the ASEAN Vinyl Council are working
together to establish a database for PVC recycling in Thailand.

Reuse and Reduce

* The production of plastic pellets using SMX
technology by SCG Chemicals Co., Ltd. (SCGC)
enhances durability while using less material,

maintaining the original product properties. SM)”

A
bySCG

Chemical Recycling
Depolymerization

* The process involves breaking down polymer chains into
monomers through chemical reactions.
* Example: Eastman utilizes Polyester Renewal Technology

Pyrolysis

* This process involves high-temperature heating to break
down complex structures into smaller molecules.
* The resulting products can be used to produce fuels or

(PRT) and Carbon Renewal Technology (CRT) for polymer MONOMETS. - ]
X Impuaritins
recycling. ! »iil |
Eas[manme!hanolysls.sysu‘m ii May ".,I-‘:I':,‘-, oS,
Prastios — TE i ' 5 N e

Production, use, and [ Pl““‘",‘d w B

end of previous life prepacatigy

for plastic waste = W t ‘-j'.:--.'

Pyrolysis of Mixed plastic

Eastman
carbon renewal
technology (CRT)

Source: Production of styrene monomer from pyrolysis

Eastman Methanolysis System https://www.sgIzer.com(en/sharec!/appl|cat|ons proces.s o
/mixed-plastics-pyrolysis Source: https://www.ten.com/sites/energies/files/2023-

Source: LCA summary report for Eastman methanolysis technology (North America) 05/Brochure_Trustyrenyx.pdf
ure_TruStyrenyx.
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Decarbonization Technology & EOF ¥

Thailand’s Goals toward Carbon Neutrality and Net Zero

@ 2030 & 2050

Unconditional
@Dgc;/f o Carbon Neutrality Net Zero Emissions
Conditional
NDC Target
0 %i:ﬁmtlon Carbon reduction can be employed throughout the whole process industry
(‘m {:@} Process Improvement
@) Biomass
S __~
Carbon Capture,
Electrification Utilization and Storage
(CCUS)

Hydrogen Circular Economy

77
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Incorporating Decarbonization / Digital Tools in Graduate Education

Why It Matters?

* Climate crisis demands urgent emissions reduction

* Industries face net-zero mandates and carbon pricing

* Decarbonization is reshaping job markets and research
priorities

How to Integrate?

* Case studies on real-world decarbonization projects
* Group projects solving industrial challenges
* Guest lectures from sustainability professionals

Outcomes for Students

* Competency in low-carbon technologies & strategy
* Career readiness for future sustainability roles
* Systems-thinking skills for complex energy transitions

Empower the next generation to lead the net-zero transition.

28
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