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Agriculture
1,509,390.00 Mt CO, eq

Land use, land-use change znd T ~_
forestry .~ L
50,846,940.00 Mt CO; eq - .
2A3 Glass Production, N

263,920.00 M CO, o4
£ 288b Ethylene
10,981,870.00M:COs eq

Other
19,128,670.00 MtCOZ eq
|
Process Industry

22,705,030.00Mt CO, eq ‘. | 2B3cEthylens

| Dichloride and Vinyl
/ Chloride Manomer

Energy \
235,537,860.00 Mt CO; eq \ 1A1b Petroleum Refining / ~226,37000MCC;2q

N\ 9.451,750.00M:t CO; eq
N

2B8e Acrylontrile
181,020.00 1: €Oz 2q

/
/\\_ZES" Carbon Black

975,750.00 Mt CO. eq

~— \ 2C1 Iron and Steel Production

- 339,680.00 M:CO-eq
2D1 Lubricant Use

284,670.00 Mt €O, eq

JUT 1 unugiiuansdndiunsudesineiSeunszanvegraIvnssunseuIunNsHan'

Usendlngldmamneiiieussgarundunarimisasueu (Carbon Neutrality) anelud a.e.2050 (.6,
2593) wazn suaesimiounsyangniiluaue (Net Zero GHG Emissions) nelul a..2065 (w.A.2608) lng
fvuatmnemsdidiunisanfinFounszanneluussine (Unconditional NDC) Ai¥esay 30 waznsaiuszine
Inglasunisatuayunisailiunisanfingisounssanansisseme (Conditional NDC) $aeag 40 31nn1sUaay
fwsounszannsdldiiunsund (Business-as-Usual w38 BAU) nelud a.a. 2030° (w.¢1.2573) n1sldnasaulu
nszvIuMINsgRamnss Wusudtanunseuuariidneamlunisaniedounsyanlldmantmnenisiidan

Sfiszmativun (Nationally Determined Contributions %38 NDCs)

! “Thailand’s long-term low greenhouse gas emission development strategy” (Thailand: Ministry of Natural Resources and Environment, November 2022), accessed July 19, 2024.
2 griinauulovsuazusumnenssssumiuazdanden (an) Wugdami NDC vasUstmalng Tasnsdiund u3e Business-as-Usual (BAU) visnefia nsdidl

Lifinssdunasnsanfedeunszan (un NDC (Nationally Determined Contribution))
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Methane Reforming) w3anszuaun1suusanimidufing (Gasification) saudanisivdsuniulalasiauding (Grey
Hydrogen) Julglnsiauduniiu (Blue Hydrogen) faewnelulad CCUS Afldnenmiiaziind uldluusene 5)
walulagnsandu nislduselevd wagnisiniiumsueu (Carbon Capture, Utilization, and Storage %38 CCUS)
fanssadndunsUdesineanfusulaeenladannszuiunsndslugaamnssy ausemsiniiuldfuviedluly
Usglovilunszuiunmsegmanunssumiendniust Mihlfenamvnssunaziasugiadulnegsdsdu 6) naluladi

atuayusouwIAaLATegRavuiey (Circular Economy) sremsdaaiunisiinduinldlye msudsanm waznis

ingarlunszuiung wunisldninensiiifiaussdnsnmasgauazanveadoarnnssuiunisnds
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2.1) darunisaluazuleviefigisaunszanuseinalng

Hagiiu Uszelveldeg aeldidmnensaniedounssaniildiauslifuussmaulan nsildrusud
Uszinaninua (Nationally Determined Contribution %58 NDC) %ﬂaﬁuéﬂqmﬁuﬂ%ﬂqﬂ adedi 2 (2™ Updated
NDC)* ilunisenseruithmunenisanfieiseunsyanvesuseimea aniusosay 20 - 25 1Wuiesay 30 dwmsuns
siflunisanfnedounszanaeluusyma (Unconditional NDO) war$esay 40 dwsunsaifiuszmelngldsuns

atuayunsaniunisaniivlsounseanand1ausena (Conditional NDC) 31nn1ssUdpefinwisounseannsl

ALTiuN13M1UUNA (Business as Usual %30 BAU) Tulgu A.A.2005 (W.A.2548) aeludl A.A.2030 (W.¢.2573)

nsaan1salinanisUdesingSeunsyanvessemalnelul a.a. 2030 agfiuszanns 555 Mt CO, eq
NNTAANTUNTAINUAR 21NT189UANAINENT 188090 adunl 4 (Fourth Biennial Update Report %30
BURS)" nsuassfineiSounszanlngnseainnszuiun1snisgnainnssuuasn1siduansaei (Industrial Process and

Product Uses #3® IPPU) Tul a.¢.2019 Anlu 32.81 Mt CO, eq Inglunquanavnssuail (Chemical Industry)

Aaduforay 34.58 veeUSinansUaesiuTaunszaNINNSLUIUNITNRERAMNTTUVIILA Aauandlugud 3

GHG emissions in Industiral Process an Product USe Sector (IPPU), 2019

Carbon Black

Acylonitrile

Ethylene Dichloride and Vinyl Chloride Monomer

Ethylene

Caprolactam Production

Nitric Acid Production

Chemical Industry

Industrial Process and Product Use (IPPU)

(Thailand BUR4)

Subsititutes for Ozone
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Non-Energy Product from
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GHG emissions in Chemical Industry Sectors, 2019 (BUR4)
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Industrial Process
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Mineral Industry
50.63%

35,000
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A v, v PR | . . o o . a = v
fwndiagya: senumuimihneaesd aduil 4 (Fourth Biennial Update Report %30 BURE) diinsuulsunsuazununinginssssuminazduindey

JUN 3 nwsaunsudesineisounszanangnavnssaadl

* msfidusuiivssmaivun aduuiuus assil 2. dndnuleveuasunudanindon (ax.)

* srpuanuintiseaesd alud 4 (Fourth Biennial Update Report: BURS) d1tinanuuleuneuasununinenssssusnpuazdanndon



dwiuuszmalnglFdnhuamiiimissanfimieunszanvessena U a.a. 2021 - 2030 (Thailand’s
Nationally Determined Contribution Roadmap on Mitigation 2021-2030) ﬁﬁLLamslugiJﬁl 4 nglud 2030 151)(%&
wWhmsaniwSeunseanlilasesas 30 - 40 9 nnsaawduntsaiuund (BAU) lneuszanuandu 222 Mt CO, eq
lngauInszuIuNINNeRanssukazn1sLuandnst (Industrial Process and Product Uses %3e IPPU) Ainvdu
Fogay 0.5 (1.1 Mt CO, eq) IN8119UIMTNITANM YIS OUNTLINAIMSUAIVINTTUIUNITNNEAAIMNTTURAENTLY
kAN 13 2 wnsniavdn Ae nislifaamaunuyuidauas msusudsuasienndy uenainiumsinisi
Wendestuaansudnvesgnainnssy dmsvaivmdanunaznisuuds’ Ao uinsnisfinuszansamnnsld

wasnulugnamnssunazansnslinganuvaunulugnamnssy Fdadulszuia 43 Mt CO, eq

wenanilinglafinsdavihensmansszozenilumsiauinuuldesinSounseanavesusewmea adu
U5UUS (LT-LEDS, Revised version)® Inedlidvanefisjsganudunatsisansuen Tud a.a. 2050 lnediuuimiad
ddgdmsuningnavnIsaLAYL Ao NMstundeulunalATygNanyuleudWen (Bio-Circular Green %58 BCG)
Wian1sAulangdu nisudaliianndanunyudew nsusuusaazmudseansamnisldnasau nisade
ussgelauazatuayunslindnumyudou n1539s Waw wasdszendldmalulagnisindusaznisinifiuaisuey
(Carbon Capture and Storage %38 CCS) wiunsdansvesdsdums madsurszidundsnu waznsinnisin
a < v e ' 3 a v Y 14 <) v ]
Hegnamnssy 1usu wenanilludiuvesgnsmansvid LT-LEDS Saaduayunisasisanuduiudiunagnis
duasudiuau lusunisivuanseuulevisuaznguing msasiausegdalunisamuiaeseaisueusn n1sil
lassasematniiugiuaisuau n1sdumdeunisaniuaunisandunazmsiniuaisveu iWudiu aziuladn
wsananAuduleutensannIsUdesingiEounsgantun1Agaaing sy nasY uazvaads Junumdenisannis
UasefinmSaunszandmiuningeavnssuluegaunn Jailidwlngudimaluladnisannisudesineseu
nszanuseAsuau (Decarbonization Technology) as3jaitiudinvesdnnssundsutasWomasimduingiv
WIENSNEINTVDINITHERN N13IANIINTLUIUNITHERRADAIUTDLATLANTY FstuuleunslasirugnsmansUseineg
= ) o v ] <) v a o L 1 [24 A 1
Judunalndrdglunisimusanudululdveswnalulagdmsunisannisuasefiuseunszanluguuuusigeg

AnsSusunag

5 unuihimenisaniedeunsyanuesszmelne U we. 2564 — 2573 (Thailand's Nationally Determined Contribution Roadmap on Mitigation 2021 - 2030). d1tineuuleunsuasisy
ningnssIIITIALarAIAden

5 wuUjiRnsanfnedeunsyanuesssna I w. 2564 - 2573 aunspuaumsaaamnssIazn1siikan s sufahidvgamnssy. nsvusasgaamnss
TunnuuinsanfwFeunszanvessema U we. 2564 - 2573 @NINAIU. NTENTHNENIY

8 QWﬁmwams’sxazmalunﬁﬁwuwLmuﬂa‘aaﬁ"w-nﬁaunixﬂﬂﬁwmaﬂml,wﬂ atuuiulgs (Thailand's Long-Term Low Greenhouse Gas Emission Development Strategy: LT-LEDS, Revised version)

diinnuuleuvisuaguaunIne NI IunALazAmIndos. 18 ganu 2565
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SUT 4 unuithmansanfneiFeunsyanvasusenelne T a.a. 2021 - 2030 (1.6, 2564 — 2573) Tngdninay

YLYUNYBAL I UNSTNENSFITUNRALaraIwInaonlul a.a. 2021°

2.2) Ulgu1gAIUsSIMANINAADIN1SIUARBUAUATISaUNSZAN IUUSEINA

nsdanstiymaanadeusunisiasuulamnmglienialunaisysemeasialanssatunsuleue
MuLYIMINIsannsUassfnniFeounsyan Ssaunsautsesnidu 3 Ussavvdng fie ulsuneimunuazeiunu
(Command and Control Policy) ulsunedenalnaain (Market-Based Policy) haguleungaiasunisivuuas
(Research and Development Policy) Ingansnsfi 1 uansulsunevesiaanulszaniivssmaldidioniugunis

UapsMaisaunssanlusnalsemnanasusymalne

1) wlsurenmuauazaIuAs (Command and Control Policy) iuuleuneiuiunislddariy
Jorvun vieinuannsgunisUanUdessaiivanaawensuliegluseauliuanidmuald wu n1sivune

WnsgIuUsEANSnmnIsldng s mesnisannisueulaeanledas Sesas 55 Tul a.e. 2030

2) ulsuredenalnnain (Market-based Policy) uuluiedilinalnnaindinsngisaiwsagdlalsing
nMadiuann1sUaseingsounIzINAaNIZA1ARAEIYNTIL WU 11A5N15USUTIAIATSUBUNDUT I NTULALYEY
annmglsy (EU Carbon Border Adjustment Mechanism %30 CBAM) nmaiffunduadis u3enaindeuts
uanasuasusiiasin (EU Emissions Trading System w3e EU-ETS) dsanunsnihlliléfunngnaivnssuvie

&

yngsRaTdesineFeunsyan

? g andbgu, “msdeudasnmgiionia,” ddneuleuisiazusuninenssssuvnazdannden, June 1, 2021, https:/www.onep.go.th/maiUasuuiasanmgil/.



3) wleungdaasun1sITeuwaziaun (Research and Development Policy) Wuulgutsfiniasgazidn
TUduasunmaidonaziauimalulaglunisannisuassinmsounszan awsauidgmilaluszezen Aeg19ves

wleuienguiifidfy wu nsdaasunisamulundanuyuideu veamulumaluladoueudadelnl [Gudu

nalnusuasuaunaudrunsuuau(vasannwglsy)

(Carbon Border Adjustment Mechanisms %38 CBAM)

P2y 1 oA o & & A 3 ANa Y o v A
U1msn13 CBAM lﬂivﬂiﬂuauiﬂaEJ’NEJ’msLu%’NVlmum W1z HUUUASILINTAZANTINUAEEAUAIUIN

finsUdesansuauas Fadudimiafioussaithnue Net Zero Emission vasannmglsulnesiaus Tuil 1 gaiax

Y a v o

2023 Fefudrduatmune 6 ngu laun uud Wi Jo winuwasmdnndn exglidlen uarlalasiou wniliueia

Y

T duansAsfuuned wagndndasivarsdiunsdafiidivun (@dinsfiansandseniasienisdudilunguaildom
dunsduaznadasiiuiy nawt 2026) 9¥FA0951891UUSHIUNNTEIGT SINRNUSHINSUEaREASUBUNIATILAY

19801 (Embedded Emission — Scope 1 and Scope 2) vasduf waz CBAM azdnadsduldogrufuguuuulu

¥
£ £% =]

JUN 1 UnN31AN 2026 FaEUNLHBIRD CBAM Certificate muUsSunaun1sidkazUsunanisuassansuaued

Y

dUAN

ulguigansszmanatduayusianisaanisuaasineizounszan

annmglsuiuliindufilussaulandunisdanisivtgmnisiaeuslasanngleinialan Jsinue
Wlguney uWHuN15U UL (European Green Deal) enaithanfingiSeunseananalastiatdes 55% a1elul a.e.
2030 Wealiguiuusinaiigdounszaniul a.a. 1990 launeld European Green Deal Hulyuieiazunnsnig

o ' o

d1Any Wy N1siRueaIngevIen1sUassingisaunszan (Emission Trading Scheme 138 ETS) N3A1MUASHAT

'
a a

mBgshafidufinsiuduneden nsimuadndunmsldndsnumaunudu 40% nsimuadewfanssuvesgsiad
Wulinsiudawnasu (Taxonomy) MsiAuAEAsUsUnoutuNWTLLAY (Carbon Border Adjustment Mechanism

158 CBAM)

dudstmAanizowsini WlsuisneszenadilifmudanudenisanyinunisdesfimZeunsyanie
Wisuituannnglsy ussinguanenasatiuiifigaussasdiiionsfaunegadidu wu Inflation Reduction Act (IRA)
fduaiunisannisudesineiFeunszan warliifuslaavunlindinuazorarunsliulouiend wu msliasin
anlsfufUsEnounsTivsulindsnunauny esAnnBidodesasudlnih uarSugamyusausleariigaduy
&t uonaindl nguunefiogluseninanisionsan 1éun Clean Competition Act (CCA) flagdnifiund
AsusuuLALA kAL sTARar T iudesafuswAun A ndsvespea mnssIilead s sutstuiil iy
synuaziiufinefauandonddn

@

Uszinaluwauedennsilinnudidgivgnsamansdideuinfuduiu wu fu ldussyuszaunis

1

wWasuwlasanmgionnalanlunauiauiasuvgiowazdenuuiand 5 Y luadui 14 @ 2021 - 2025) uasdasy




o
v o

aranatnderelaninisdesfedounsyan (China ETS) o 2021 Weatuayunsannisdesiedou
nszanlunAgaamnTsy waziinsimua Green Bond Principles 11t 2022 AsalusTulouneduindeulusziuna
i Singapore Green Plan 2030 sjafumsimundidadu Fsilitmaneaseuagunislindsnuazenn annisuaes
fei3aunszanannisvuds agtiugudnatsmisnisiiudifen (Green Finance) vaateide Lilon1siuaeuriug
ounAnTdadu inmaldtulsune Green New Deal flsimuddydumslindsnunudsunaznisifiundidend
alfuayUgAAMNTINTULUALII0UNAR waznTauTeuTnnssudTer waeduldiiulouns Green Growth
Strategy ﬁa{ﬁum%unmﬂé‘auﬁwﬂu 3 nmadu lewa 1) NANSINU Wy aﬁuaquﬁmwéﬂdmwu LAZBINES
woulaiile 2) n1AN1SVUEY/QRaIMNTIH WY eusudlii waznisiiasueundua il uag 3) nArsaSew/

drtinau wu nslidagmyuiou nedutmunedu

A15799 1 Wlgureaslsenaninanan1siumdoumuinsaunseanlusnausymea

afine/ wlguginuaALazNISLazAIUAY ulsunedenalnaain ulsungdasiun1sideuaziaun
Udsend (Command and Control Policy) (Market-based Policy) (Research and Development
Policy)
EU - 2" Renewable Energy Directive (REDII) - EU-ETS - Innovation Fund
- EU Hydrogen Strategy - EU-Green Deal - ETS Innovation Fund
- Waste Framework Directive - EU-CBAM - Connecting Europe Facility (CEF)

- Circular Economy Action Plan

UK - Industrial Decarbonization Strategy UK ETS - Biomass
- Hydrogen Strategy Environmental Tax - Feedstocks
- Biomass and Waste Processing (BECCUS) - Innovation Program
- Net Zero

- Hydrogen Fund

us - Inflation Reduction Act (IRA) Carbon Credit Market
- Clean Competition Act (CCA) (Industry)

China - Green Bond Principles China ETS

Japan - Green Growth Strategy Carbon Credit Market

- Basic Hydrogen Strategy 2023
- 6" Strategic Energy Plan
- Carbon Recycling (CCS/CCU)

Korea - Green New Deal

Singapore - Singapore Green Plan 2030

Thailand - Thailand’s Long-Term-Low Emission - Carbon Trade: The Energy Conservation
Development Strategy, 2022 Voluntary Carbon (ENCON) Fund
- Thailand’s PDP 2024 Market (T-Ver)

- Energy Efficiency Plan (EEP) 2024 (Draft)
- Alternative Energy Development Plan

(ADEP) 2024 (Draft)




2.3) wlguenatuayuuaznalnduinfeuinvFaunseaniulszmelneg

wlsuignisaningseunsyanvedineiseyliluuaudiinig aelduwnuiimisaniigiseunsyanves

Uszina U aue. 2021 - 2030 WiaiiguiuseUseinauda faseunquia 3 sUnuugudediu laun

1) ulsuiefvuasazaiuny Wy nsdiagmawnuyudin waznsUSuUasuasauiy waznns
duaSugramnssunukINILAsugianyuisudides (BCG) udu

2) ulsuiefidenalanaia liun Tnssnmsaniedeunszannnasiaslanamnasgiuvesussmelne (T-
VER)™ dmdunimenvuliaunsadiundsvisnanasuasuewasanldogadasy urdils

wnsvansannin Wesanaainaiveunsanvedlneaifunuvainsla (Voluntary Carbon Market)

N A

Wunaiafiadatulaglufinsdsduldnguune dwlwyfdiiisanqugsiaenyuvuinlnglulned
nszrtinfennudndunasyszleosirensdisulasinisnang
3)  uwlsvigduasunsIdewasiam lawn NuITelasiaund1inaunITITowiend (39.) uay

WhenusgEne nsdsasundsnunyuisululssinauaznmsduaiunisndnsasudini Jusu

Jagdu mesgedseninensiiansan 19 wsu. mswisuwlasanmgienia’ iwednanislamisiuns

o o ° 1

Waguuwlasanngiienniaveslng Jalanmualasaiiadsanidu vifuasdmnavewiienusy d1unsdnd

ANzNTINNTUleUIeNSUABUL AN N T INALIYA wenand 319 w.a.u. Seivualvdnisdaviunnsgu
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N133ANGUAINTIUNIUATYEND “Thailand Taxonomy” ' Msimuaileuwagiaviiavgianssuluniaasugian
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Ailsdsdanndoustradunesgpruiordudiisldlunisuszifiuin Aanssuladvadumsdniugsiafidleds
dawnasuiiiediglunisussiliufanssunisannistaesfinuieunszanegelusdla Juaun1sing neamunis

Wasnudasanmgiennia weanunsathluliieiiediunusieg uasiiuuimdunsednduuininisnisanine
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Saunsyanfidenalneanalildunsvanglulsemalneundu Feisnuaiilugnsusuiazaielilneaiunsaaiu
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yleurgnisantnoEaunssantussezselUlusuianagraliusednsan

19 T_VER (Thailand Voluntary Emission Reduction Program) e Tﬂiﬂﬂ77@m5?i{ﬁa“uﬂixﬂﬂn1ﬂaﬁﬂﬂﬂmummigﬁwamizmmiws (Thailand Voluntary Emission Reduction Program: T-VER) fi®
Tastnsanfiedeunsyaniiesdnisuimstanmsimdeunssan (aun)

HdihauanBnsangunusiegs Sindvns ngunuuinTivnms 3; ey Fertan, {EguEe fianhttps:/library.parliament.go.th/th/radioscript/r2567-jun8

2 Thailand Taxonomy léfifumuudaaialuszezusn Suidluiinmandsnusaznanmsvudeiiiiu madundniivdesfwBeunszanluddiugs warluszorfaseorfidesazaseunqunindaudug
1§un nAgRAMNSIINTHAR MAINEAsNTSH Nseasns uaznstta/Mdaueads fiun surmsuinsswalne e nsngiau 2567 https:/www.bot or.th/en/financial-innovation/sustainable-

finance/green/Thailand-Taxonomy.html



N133ANNHIATFIUATIANGUAINTIUNAUATEFN “Thailand Taxonomy”

WRsFIUNMTTANquAaNssuMAATYgRafcddidwindeuvewsenalng Aa n1sivua deuuasdn
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M13NN 2 WINTFIUNTIANGUAINTIUNIAUATEFAR "Thailand Taxonomy”

WINTFIUMITIANGUAINTTUNATEFA “Thailand Taxonomy”
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uni 3

walulagnisann1suanuaesansuey (Decarbonization Technologies)

3.1) n3uUs3uTIula (Biomass)

Fanaduund mdsnunaunuiiidnenmgsuaziinisuanudesnsususannsatanldldnainvane
ihundudemasianm Biofuel) Iilasassuazthuindnansesdusznouiugiudanam (Bio-Based Building
Blocks) Aadnwmziduvesdnnafeifundsnumyuiou annisfisnidomasleata srvannisdesiedou
nszangvs wazaisyarilifuveadenisnisinunsuazenamngssy

15t Generation: Edible 3rd Generation: Algae

o

JUN 5 FmgAudinnaussnneneg

nsth@aaunldlugramnssusuduiieTunaUszani 1 (17 Generation Biomass) ududauiad
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ansauilaald 017 doa 1lwa dudsnds uwazdnuisiad SngAumardaunsathuwdndueniueanie
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ECOTECH ALLIANCE INTRODUCES MATURE BIOMASS CONVERSION TECHNOLOGIES

CENTRAL PLANTS/POWER PLANTS 1

Direct Combustion
(Turbine/Boiler/Engine)

Co-Firing (Boiler with
Steam Turbine)

i (M
« gasifier * pyrolizer

Syngas
* Agriculture & Forest Residues CNG
* Urban Wood Waste Pipeline
Quality Gas

* Wastewater Treatment Sludge

* Animal Manure Anaerobic Digester

4+ a1l A S
* Switchgrass M o =\
« Urban, Agriculture, & o ; Vd
,\m Forest Waste Ruuuu} ! | (o)
'y
*Comn &
* Sorghum = Cellulosic Ethanol
* Sugarcane
Biochemical (Biorefining) Ethanol /
Thermocl (Chemical Refining)
* Rapeseed hemical (Chemi
« Soybeans Biodiesel
+ Vegetable Oils \ Fermentation
* Animal Fats Transesterification
T FACILITIES ~ BiopRODUCTS 1
* Coatings
. * Food Processing Biochemical \ * Adhesives
N8 Wastes (Fermentation/Plant Extraction) * Solvents
{ W * Comn  Textiles ﬂ
* Sorghum 1L
- « Sugarcane Thermochemical " Solvents / \
+ Wood (Conversion of Sugars) \ + Coatings B
* Cotton * Pharmaceuticals
T —P=  +Chemicals I
* Agricultural and Forest \ -\
Residues (GesrcaiorVEyrehot)  Pellets / Briquettes
* Urban Wood Wastes F =
T * Lubricants
Densification et | I
S\ *Vegetable Oils ] + Resins =)
« Soybeans " - Pusticizers
* Sunflower Seeds " * Inks
icohol Pr
* Linseed J kel DESsa9/ * Adhesives
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> The Evolution of Biomass and Its Generations (carboncredits.com)

!4 Hydrothermal Treatment of Biomass Feedstocks for Sustainable Production of Chemicals, Fuels, and Materials: Progress and Perspectives | Chemical Reviews (acs.org)

1 Ecotech Alliance Introduces Mature Biomass Conversion Technologies - Page 1 - Created with Publitas.com
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https://carboncredits.com/the-evolution-of-biomass-and-its-generations/
https://pubs.acs.org/doi/10.1021/acs.chemrev.2c00673
https://view.publitas.com/ecotechalliance/ecotech-alliance-introduces-mature-biomass-conversion-technologies/page/1
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Advanced
chemicals

Refineries Platforms

commodity &
specialty organics

Fossil

(=

stablished markets

New opportunities
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16 Continuous Flow Upgrading of Selected C2-C6 Platform Chemicals Derived from Biomass | Chemical Reviews (acs.org)
T Will energy security concerns drive biofuel growth in 2023 and 20247 — Renewable Energy Market Update - June 2023 — Analysis - IEA

'8 Biomass (europa.eu)
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https://pubs.acs.org/doi/10.1021/acs.chemrev.9b00846
https://www.iea.org/reports/renewable-energy-market-update-june-2023/will-energy-security-concerns-drive-biofuel-growth-in-2023-and-2024
https://energy.ec.europa.eu/topics/renewable-energy/bioenergy/biomass_en
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Vehicles)
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* Inflation Reduction Act Guidebook | Clean Energy | The White House
2 Wil energy security concerns drive biofuel growth in 2023 and 2024? - Renewable Energy Market Update - June 2023 - Analysis - IEA
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https://www.whitehouse.gov/cleanenergy/inflation-reduction-act-guidebook/
https://www.iea.org/reports/renewable-energy-market-update-june-2023/will-energy-security-concerns-drive-biofuel-growth-in-2023-and-2024
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g Pretreatment/ . Ethanol
. mmmg Fermentation .
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Agricultural
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Municipal
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e retreatment Diesel,
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Pyrolysis
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Pyrolysis
Forestry
residues

Syn-gas
ferrmentation

Gasification Syn-gas Fischer Tropsch

Mixed
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! bioen-scope_chapter14.pdf (bioenfapesp.org)
 Bioenergy - IEA

% Next generation biofuels derived from thermal and chemical conversion of the Greek transport sector - ScienceDirect
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https://bioenfapesp.org/scopebioenergy/images/chapters/bioen-scope_chapter14.pdf
https://www.iea.org/energy-system/renewables/bioenergy
https://www.sciencedirect.com/science/article/pii/S2451904918304943?via%3Dihub
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Biofuels - Energy System - IEA
= ialuladnssinduuasinifuaiusuluaiau - Welcome to TNIU (tniu-rte.org)
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https://www.iea.org/energy-system/low-emission-fuels/biofuels
https://tniu-rte.org/2024/04/22/beccs-ccs-sweden/

TECHNIP ENERGIES (T. EN) x Lanzalet

U39 Technip Energies uay Lanzalet IdUsznmanusnilouvufivy Tasthqaudeesiaaesdne
WA nanfe:

1. walulad Hummingbird: 1uuinnssuwes Technip Energies 7ia1u15aiUa suteniuea
(weanosediildaniie) Wnanedueidy Fuduasiviuddlugramnsndlnaed

2. wialulad Alcohol-to-Jet (A)): uutanssunes Lanzalet fianunsandmidoindsenniasuain
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Wheat, corn,
or sugar beet

as feedstock [ Combination of two technologies %

SAF solution (for 90kTA Sustainable Products)

~155 kTA

Ethanol |:">
(1G, 26, 3G)

LANZAJE"

: ~ 80 KTA SAF
~10 kTA Renewable

Diesel

LanzaJet
Technology

R
2 I
: |
1
1 - 1
e —
co2, H2 Ethylene i 5 |
1
I
Fraoti |
Now 1 R :_ _-_ _ :5“:‘“_"5_"“_” _J
LanzaTech == ----mmoooooooooooomoseeoooooooooooes '

rely’
KTA = thousands tonnes per annum
JUN 10 anusiudenanuideindadsdiuves 2 nalulad 9nu3em T.EN x Lanzalet

(TECHNIP ENERGIES: Sustainable Aviation Fuel: Necessity and Path Forward as Clean Energy: TNChE2024)
UOP Honeywell

N3¥UIUNIT ECOFINING dmsuiiaindsa1nimenu (Sustainable Aviation Fuel #38 SAF) indnaN
) v v < o & = Y S a v
Wiulduas Wunssuiumsiiauwlang UOP vuiugiuresnalulagnisnduiuudafuimenssuiunmslalas
Inswads nszuiunsiinulaenisiulalasnuienidnesndnusenainingiu antudanauningdueil

a a A v Y o a v Y a o e o c . a4

Wainielinssmudemimunaiideanis nssuiunstndniiduinndunsiendinin (bio-SPK) w3efwa
NNy Jazgnuaniviiueiesdunesgiuiioldlunisiy wamdilanswmudeivmuanamunve st

wawndaesesTunmvualagmhsnuniginaiusewasigainisldnuasudilu@ndiyg

Deoxygenation Selective Cracking
Reactor & Isomerization
Hydrogen

Feedstocks
Vegetable Qils,
Animal Fats &
Greases

-

Water

'31J‘1'7i 11 AMNFIUVINTLUIUNTIT UOP ECOFINING

(Honeywell UOP: Efforts on Sustainable and Low Carbon Solutions: TNChE2022-2024)
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iielilansauaniniduanssadulunsuanweduaninuedn (PLAY

- PPP Green Complex (PPPGO) nantiutnduuuunsuisasmeusnuossamelng nanumaluladtugs
9879 SAP S/GHANA waz Microsoft Azure cloud i et nuszans nnuasaudsdulunisaiugu
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% synBio uanssuddenangn snudnfausitanniifiyarngs | Bangchak Corporation
?" Total Corbion PLA starts-up 75,000 tonne/year Thai bioplastics plant | PRA-Plastics and Rubber Asia China Industry Newsa
% Customer stories - PPPGC: Fujitsu Global
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https://www.bangchak.co.th/th/newsroom/bangchak-news/838/%E0%B8%81%E0%B8%A5%E0%B8%B8%E0%B9%88%E0%B8%A1%E0%B8%9A%E0%B8%B2%E0%B8%87%E0%B8%88%E0%B8%B2%E0%B8%81%E0%B8%AF-%E0%B9%81%E0%B8%A5%E0%B8%B0-%E0%B8%81%E0%B8%A5%E0%B8%B8%E0%B9%88%E0%B8%A1%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B8%95%E0%B8%B2%E0%B8%A5%E0%B8%82%E0%B8%AD%E0%B8%99%E0%B9%81%E0%B8%81%E0%B9%88%E0%B8%99-%E0%B8%A3%E0%B9%88%E0%B8%A7%E0%B8%A1%E0%B8%AB%E0%B8%99%E0%B8%B8%E0%B8%99-%E0%B8%9A%E0%B8%B5%E0%B8%9A%E0%B8%B5%E0%B8%88%E0%B8%B5%E0%B9%84%E0%B8%AD-%E0%B9%80%E0%B8%AA%E0%B8%A3%E0%B8%B4%E0%B8%A1%E0%B9%81%E0%B8%81%E0%B8%A3%E0%B9%88%E0%B8%87%E0%B8%98%E0%B8%B8%E0%B8%A3%E0%B8%81%E0%B8%B4%E0%B8%88%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A0%E0%B8%B1%E0%B8%93%E0%B8%91%E0%B9%8C%E0%B9%81%E0%B8%AB%E0%B9%88%E0%B8%87%E0%B8%AD%E0%B8%99%E0%B8%B2%E0%B8%84%E0%B8%95-%E0%B8%88%E0%B8%B1%E0%B8%9A%E0%B8%A1%E0%B8%B7%E0%B8%AD%E0%B8%9E%E0%B8%B1%E0%B8%99%E0%B8%98%E0%B8%A1%E0%B8%B4%E0%B8%95%E0%B8%A3%E0%B8%A3%E0%B8%B0%E0%B8%94%E0%B8%B1%E0%B8%9A%E0%B9%82%E0%B8%A5%E0%B8%81-%E0%B8%8A%E0%B8%B9-synbio-%E0%B8%99%E0%B8%A7%E0%B8%B1%E0%B8%95%E0%B8%81%E0%B8%A3%E0%B8%A3%E0%B8%A1%E0%B8%AA%E0%B8%B5%E0%B9%80%E0%B8%82%E0%B8%B5%E0%B8%A2%E0%B8%A7%E0%B8%A5%E0%B9%89%E0%B8%B3%E0%B8%A2%E0%B8%B8%E0%B8%84-%E0%B8%A3%E0%B8%B8%E0%B8%81%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A0%E0%B8%B1%E0%B8%93%E0%B8%91%E0%B9%8C%E0%B8%8A%E0%B8%B5%E0%B8%A7%E0%B8%A0%E0%B8%B2%E0%B8%9E%E0%B8%97%E0%B8%B5%E0%B9%88%E0%B8%A1%E0%B8%B5%E0%B8%A1%E0%B8%B9%E0%B8%A5%E0%B8%84%E0%B9%88%E0%B8%B2%E0%B8%AA%E0%B8%B9%E0%B8%87
https://www.plasticsandrubberasia.cn/en/news/total-corbion-pla-starts-up-75000-tonneyear-thai-bioplastics-plant/
https://www2.fujitsu.com/global/customer-stories/cs-pppgc-20231026/

AAYAAIMNTTURATNITVUAS Fanszvrunsianuatisannsian@eimdseadauazduasunisly

nFumadenilulinssedandon”

Center of Fuels and Energy from Biomass

Faculty of Science, Chulalongkorn University

Raw material Process Products
Biomass Power
Station 200
: kW
Waste o
Plastic
Used
vegetable Pyrolysis Bio-oil Briquette
oil charcoal
AR Gasification Syn-gas Naphth A:atlr“:l::d
Glycerol A apntha
Kerosene
Used lube _ !
oil Fischer- Diesel | prm——
' ngine tes
Trnpmh - Diesel -
Methanol
Front End synthesis Methanol
Separation
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o walulaguazuinnssunisnauinasnudnmlulszimalng (Technologies and Innovations in

Bioenergy Development in Thailand)

Uszinalneddneningalunisiauindnudinin iewndnineinsdunaiigauanysalainnia
MINEATHAZERAMNTIUNSLUT UM agalsfiniu metanluduilfundgiuanuitnenaiedszns wu
nsvnnalulagnduseansamlun1suussudmna duvunisudniigs uaznisvisalaseasenuguimunzay

& o oa - ) Yoo oA 1Y - 1 2 v a o
wennil delllfymiSeamsudstunslinfussninafivndanuuasiivemns egelsid densamulunsidoway
W sawdansatiuayuannasy nsiawmdsudininlulneduuiliunsiulasasdunuimdAglunisiig

ANNIUAIUNEINUTRIUTEWAlUDUIAR

o ylgungluniswauinasaudaniwlulszmealne (Policy for Bioenergy Development in Thailand)

Ssuralveldlianud g dunsiauindsnudinm legldnvuauleuisiazuinsnisaduayunansy
Usen1s 1Wu Msimuad1manen 1 sIna 19 unaunulu s 1 UAUTRILING UL ULaENE 191U B BN
(Alternative Energy Development Plan %%e AEDP2024) n3lyikse3lan1emsBunngndnndamudnnin wu n1s

gndunsuarn1sliiuganyy wenanil Sullmsdualumsidouaziamalulagndsnudnm uasnisasa

! IS ' o/ ' < v a o [ U Yal A 1
AINUIIUUBISTINNIAIG LBNYU WASYUUYU RANGTRH EJQ%Jﬂ’J’]JJ‘i]’]LUu1Uﬂ73U§UU§ﬂuIHU781ﬁMﬂ’ﬂJJEJ(ﬂ‘VIFJ‘uLLﬁS

# Center of Fuels and Energy from Biomass, Chulalongkorn University: Introduction of Center of Fuels & Energy from Biomass: TNChE2023
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o aauimunzanlunisnaundsnudanluuszmelng (Proper Places to Develop Bioenergy in

Thailand)
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Y

nansuaznanz Tuesnideanioduiunnienumngauinn Wesanduuraswdndnuazdesdfy Faunse
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Fanmanurduinafu uenand Audilndsudaugaainnssunielssnuudssuemmsfidusunsimnga
desmnaunsnliuselominnvendegramnssuuarandunulunisuuds egndlsianu n1sd enfiufifaundos
Fnilafnansenusiodunndouuasguruiosiu saufsrumiouadasaisiiuguuassruvasiayulnade

° nﬁﬁﬂmimﬂm'qﬂmuaehaé‘i’aﬁu (Sustainable Supply Chain Management)

nsdnnsrildaua1Bnalusuiandasrdyiuaumenatgusenis Usenisusn Aemsiuiledu

5%

ANUFURIUYRIUSINAMLar AN WIRgAUNTUREfiuan meINIALAzgAN1A Usensiiaes Aemsimumaluladnig

'
o

wUsguiliuseansnmauieiiunandauazanduny Usenisiiany Aensianisladadndidudeuiiiosntuuis
dnnszatefdluiunnine Usen1sna Aen1saseaunasenitanIsinAunonanamskasna 11y uazUsenis
gavine Aensimunulevisuasngseideuiidenonsldfauiaegededu mssudeduan wimewmaidasdu

neywadAgylunsiiindnen nvesdinalugiusiamasnunaunuidfgluouan

o o

[ Biomass Collection ] [ Pre-Treatment ] [ Storage of Biomass ] Final Conversion
and Energy Production
Reduced biomass Increased Increased

pre-freatment

collection cost storage efficiency

efficiency
Diverse source of biomass Innovative pre-treatment Reduced storage loss
Efficient collection system Improved pre-treatment Optimized inventory management
Use of low-cost feedstock Increased energy density

JUT 13 Msdanisvaslgguniuegnadsdu®
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* Biomass feedstocks for advanced biofuels: Sustainability and supply chain management - ScienceDirect
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https://www.sciencedirect.com/science/article/pii/B9780323884273000234

Tngihilundndaeifiniunisudsilasiiyarremegainiringaviveiaiuladn Selladedamnsoadiusegelans
wisughandAydmsunsussendlddanalunagnavngsy

915199 3 YaAfinvesingRudnandaridinandsiunszuiunswlssy (USD/ton)

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 a7 Hydrogen 1580
Algal oil 131 DDGS 170
Waste cooking oil 200 Glycerol 600

*Based on European Union Prices
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naaesluszAUALLUY ANuTgdAyAon ST UTEENSAINNITHER N1TARRUNY La¥N1TVEI8IUINETERY

gramMNIsN ANuNTouveamalulaTaviinigg aunsaduunlavaleseiu lneseau 1 - 3 nunefensimmn
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BIAANMUTUATNTIRBNUTIU T2AU 4 - 6 NUNERINTHAUIMALNITNAGBUAUKUY UaeTeauil 7 - 9 manedis 14lu

Bamelvd fafiuansgun 14

e :
/: Conversion ;\____\

Electricity Transport Biofuel Novel Advanced

FzaUAIWIaNY 6 = 4

walulai (MsfiRmILaznagauduLY)

Anaerobic digestion, Biogas upgrading

Pyrolysis, Gasification (small scale)
Gasification (large scals)
Large scale generation, co-generation, Co-firing Biomass integrated gasification combined cycle (BIGCC) Biofuel Celis

ORC, Gasification/engines

Ethanol from sugar and starch crops B e e Hydrothermal Liquefaction

Biadiesel from il crops SRR = R N el Other Bioogical Routes
Hydrogenated Vegetable Ol (HVO) g sl
Biomethans transport
Sustainable Aviation Fuel (SAF)
Bioenergy with carbon capture and storage (BECCS) Bioenergy with carbon capture and utlization (BECCU)

JUN 14 anumenveanalulagdmaa™

*! Technology Roadmap: Delivering Sustainable Bioenergy (iea.blob.core.windows.net)
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3.2) n1suannasnulnii (Electrification)
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wiufnsaiinefesuuulugarivuinén (Small Modular Nuclear Reactors %38 SMRs)

= P
AUTBUYNABNING L} KUY

) u. a ¥ o ey .=
vaanFasiuiialown villkin (mswdaidu

d_. v & ¥
389) fagnmelufoutusunaneidulon

/ wisunnuiidaiaadeiinliamdedu
~ o a v & v v,
wanluiniosufnsalfoutu dewaliiiuaoeda

)
urihwievudasniswianudouuazuse
ADUAINNGTINYIR

e e da L T
Mmdaiduniniidunin (muwiundt) "an
e ludafdnsvasdennnufuaiosufnsal

[ —
o a
meluniesufnsal

U7 15 meluedesfnsaidundesuuulugaisvunndn (Small Modular Nuclear Reactors %38 SMRs) **

wufnsaldaadesuunnidn (Small Modular Nuclear Reactors 38 SMRs) siaegedsuandluguil 15

o o o

WHumsesnfififnanind msunisniandsueg19dadu daemdinisudndeus 18 300 wnnzing dagvuad
ngvindauwazniseenuuulugaridielviinnudangulunisinasuarnisysannisiiiiussuusie SMRs duasnsie

WAANLANAIMILATYEAY NesannisUaseingaiveulneenledegrsivss@nsamniionin3sninan

PANULUUAILAY

*2 |EA (2023), World Energy Outlook 2023, IEA, https://www.iea.org/reports/world-energy-outlook-2023
* Siemens(2023), Accelerating the electrification of everything, https://assets.new.siemens.com/siemens/assets/api/uuid:df9 5fbbe-640e-40cf-82e6-9dc3f608186b/Electrification-Whitepaper-FINAL.pdf
* The NEA Small Modular Reactor Dashboard_ Second Edition.pdf, https://www.nuscalepower.com

** https://ned.egat.co.th/index.php/component/sppagebuilder/?view=page&id=60
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https://www.iea.org/reports/world-energy-outlook-2023
https://assets.new.siemens.com/siemens/assets/api/uuid:df95fbbe-640e-40cf-82e6-9dc3f608186b/Electrification-Whitepaper-FINAL.pdf
https://www.nuscalepower.com/
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1. aansUapeiwisaunsean: SMRs aunsanannasulalaglivassitwasuaulaeenlan (CO,) Faizan

nansgvuInMsAsunlasanmaglioniauanunadeniiazoinniinisunindideindioada

2. anudangulunisaniivenu: SMRs ansafaaduiuiivindlnanieldiduunamdsnuasudmiudios
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daidevanIasufjnsnl SMRs Waliisuiundeumyuisy

w31 SMRs adltenluvatenu uiloIeugUAUWAINAI UMY WY NEULaRIIngnTanasuay
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Adaidadfnurausens:

1. anldieduduge: alddelunsinde SMRs Sansganimdsnunyudsuiifimsandunumsinisosig
unnlurslaiAT T

2. Uywisunsdanisveadefuiunied: uiinamendsan SMRs azdesnineiesfnsaiduades
LuuAN widsasiianuvimelunisdanisveadefuiunsed deinsnnndanumuioudilifveads
UATY

3. nanfilflumsiauuagfeaiisuiundn: maneaduarnisiulueygndwiulsdlnih SMRs Miamiu
ndnsindslasansndsnusuieu Vil SMRs liaunsonevauasomufesnisndsnulusverduld
WAULASINSNAS UMY UIEY
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fegralasinislssliufnsaldaedesuuulugaisouindn (SMRs) Aifidsed ssninanisneadiauay

Y Yo

dudunilunarguseina (113197 5) Tasszymaluladild §iamn anuamnsalunisuanldia (Mwe) uag
anuzvadlasans feghdlasansilaneiu leua CAREM Tuenflauiiun, ACP100 Tudu, BREST-OD-300 uag KLT-
405 usaide, HTR-PM Ty, uaw HTTR Tudu Tessnswanduandidiufionsfaniuaznsléou SMRs ity
Auangu ANuasnsie waznsanfuunsnEandanulusuan

3197 5 Tasanstsslniufnsaifiundesuuulugansuunmén (Small Modular Nuclear Reactors %38 SMRs) i

agnelinisneadraasaelinisaniua®

Design Optput 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 China In operation
HTTR 30 HTGR JAEA Japan In operation

PWR: Pressurized-water-cooled small modular reactors
HTGR: High - temperature gas cooled small modular reactors

LMFR: Liquid metal cooled fast neutron spectrum small modular reactors

* The NEA Small Modular Reactor Dashboard_ Second Edition_2024
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NaYULEID7RE (Solar Energy)
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wauuaseindfunumédnlunisiasulugndsnumgudeu ieannsudesinean susulaeenled

Tnewalulagvdnldlunisulamdsnuuaefndldundsany fe ssuuwaduaseiing (Photovoltaic Cell #3e PV)
Wi Seniulaesialuin Teansiead (Solar cell) warndsTuLAIOIRRSLUUTIILANTUTY (Concentrated Solar

Power 30 CSP) Feusazszuuiinisulauasefindidundanuluguiuuiiunndieiu

® SyuUWaduatafing (Photovoltaic Cell #5a PV) wlaswasarfindlaensadulnilagldivad PV 1wad

< o

wianivhanianwiineudnnesdainasiiuidneuiigadulineusinuateriing nisgaduilviilviin

Y

nseualdrsunszununsilaliandn

®  WANULAIDWINGLUUTIMLALTLTY (Concentrated Solar Power %38 CSP) @31enassuausoulagld
nszanvfelaudiitelnauasofindlufiuiinfdlfinsiuegiigaidng Adenududugs nndunasiismtud
aldiielvmnudoutundonasumaiuazirlduanidasunnudouieviliiialoth lothiardundeu
Fatuiileusetuiniostuilaluiinfiendalnd svuu CSP mugdmiunisnaandsnulunnslvgway

finldlugiinefiiuaseringlnunsegs

*" Mohamed Rashad_A Comparative Study on Photovoltaic and Concentrate Solar Thermal Power Plants_2015.pdf
* International Journal of Photoenergy Sharma_Imperative Role of Photovoltaic and Concentrating Solar Power 2022

* Lazard (2024)
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AsUSsuisusyrInamalulagnasnulaeeing (PV) wasinalulad nasuuasaingwuuidudu (CSP)
sruuLgadatafing (PV) wiaakaaaindilulnilnensefianueiunlseasd wangdmsunisudaliiinvuin
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(K

Aldgaiuogivuiinauaseniinduaznszuiunsdafiundsny Tuvasd CSP wamdsmuuaefindldundsay
anudeunou uwddddtaiuuuuiduwlatrnufeudundsnulii csp liddelduiouiidfymiowad
Laso1fing PV wagndamyuioudug lnonmsinfundsounasoriingliduanuieuluindevasmar anufeud
azaulitdanusondalnildlugeiidanudeanisldliiiaean ufaglifuameaian fenssumdsny
wawofindiilelvinudoutuindenasuvad suu CSP annsadnifundsildifunamansdalug
Tudruvesduyunisuanlni lng1flsaina Levelized Cost of Electricity (LCOE) flo Auvun1suan
Iwihnasnorgvestssliiiisieusuailniiindnldlnedr LCOE Tsslwiinanleansieadegi 29 - 92 $/Mwh
waz nEanuasefinduuusmLantuduazegd 118 $/Mwh ddlutiagiiudn LCOE vaandanuvyuiioy 19y

v
o

walninnleansiansindnaiufiu (69 — 168 $/MWh) waz fnwsssuand (45 — 108 $/MWh) Bnviendasu
vyudsuiuwildudunumsndn Wfhdsam asnndinislivdsnumuisunnilueuan®®?
megdeyalasinisisaliihndnuuaterinduuusiauuandudy (Concentrated Solar Power %38 CSP)
fegmelansaniuamilunangdszimaialan
n91971 6 TnsseyFelasants dmandaluii (MWe) maluladld foonuuu Ussinaiine uazanug
ya:lA59n15 Ferasuansliiuinurainatsuasnsiauinalulaindsnulasofinduwuy CSP Aldsury

HeniveiiuUseansnmlunsndandsumyuieu

A15197 6 IA5anslsa TN I uLEIe I RIRgwUUTINLENTNTY (Concentrated Solar Power %38 CSP) angléinns

Antiuau®
Name Optput Technology Type Designer Country Status
MW(e)

Ouarzazate Solar Power 510 Parabolic trough and Noor Morocco  In
Station solar power operation
Mohammed bin Rashid Al 700 Parabolic trough and ~ Dubai Electricity and Dubai In
Maktoum Solar Park solar power Water Authority (DEWA) operation
lvanpah Solar Power 392 solar power NRG Energy us In
Facility operation
Solaben Solar Power 200 Parabolic trough Abengoa Spain In
Station operation

“ Anthony Asuega et al. (2023)
' Lazard (2024)
“ IRENA

* Sylvian Rodat et al._clean technologies_2024
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nMsIansnuveziaslYaIsiwas (Solar Panel Waste Management)

1)

2)

3)

nsuenuazslafadan (Material Separation and Recycling)

nszUUNIIMIaAl (Chemical Processes): undleansigandnuszneumedaneu (S, azgililluu (A,
VoA (Cu), waziandus Inedinsuenlanslaensyuiunismaadl 1y n15a19938n3A (Acid Leaching)
n1s3letAadanau (Silicon Recycling): Fampuiianmoonuiaiuisatnunaniuslutlea Jsrisanniny

foamslunisyausdineu

N1514IudUL (Reusing Components)

A5UsEUUSEANSAIN (Performance Assessment): bidlwaisiwadniuseansainanas wadaldarule

ansadlUldlunuidenisndnuley Wy ssuusanunmeIviagunsalluyuum

nsysae (Refurbishment): ursiidemeidniiseanunsadeuusuuwaziinnauunldaulmdld

nsn19nvezdiannsaiing (Electronic Waste Disposal)

n1sAIUANNaRe (Pollution Control): Msfdnvezdidnnsedndfasirluanimuindeniifinnsaiuau
Watloatunisuaseansie wu nena (Pb) wazwandloy (Cd) Fauasdunsneildluunausennvaawie

lwaswaa

o Al

N15LNYINateag19Uaanne (Safe Incineration): @ nsuianyliaiuisasioAale anadosldnism

q

angluanmuandeuiinivauiieUesiunisuassuaie™

S:QUADIUWSDU
nutnalulad 9 - 7 (msistasondod) 6 — 4 (mswaania=noasuduiy)

Solar Energy
Anuwsauupvinalulag
msHaawaonulwih Nuclear Small Modular
tus=Guunununa Reactor (SMR)
Hydropower
wind Power

Geothermal Power

JUN 16 anumenveanalulagnisudandaului

“ www.greenmatch.co.uk/blog/2017/10/the-opportunities-of-solar-panel-recycling
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3.3) lalasau (Hydrogen)
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“7 Energy Technology Perspectives 2020 - Analysis - IEA. (2020b, September 1). IEA. https://www.iea.org/reports/energy-technology-perspectives-2020

“ Martin et al., “Progress Update on the Allam Cycle: Commercialization of NET Power and the NET Power Demonstration Facility.”
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“ Demirel, “Technoeconomics and Sustainability of Renewable Methanol and Ammonia Productions Using Wind Power-Based Hydrogen.”

0 Kwon, Sooin, et al. « Development of an In-House Code for Dry Tower of Heat Transfer Analysis in Hydrogen Purification System.” Energies, vol. 16, no. 13, June 2023, p. 5090.

https://doi.org/10.3390/en16135090.
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°2 “Executive Summary — Global Hydrogen Review 2023 — Analysis - [EA.”

* “Hydrogen Production Projects Interactive Map — Data Tools - IEA.”

* Liquide, “Air Liquide Completes the First Phase of Ultra-High Purity Low-Carbon H2 Electrolyzer Plants in Taiwan.”

% “Linde to Supply Green Hydrogen to Evonik in Singapore,” Linde, April 20, 2023, https://www.linde.com/news-and-media/2023/linde-to-supply-green-hydrogen-to-evonik-in-singapore.

% GC vudle TloF Taumanauasysialelnsiau (Hydrogen Economy) Asasnlusumalne nenemuiuesnsaITUaus. (n.d.-b). https://www.pttgcgroup.com/th/newsroom/news/1352/
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% El-Emam and Ozcan, “Comprehensive Review on the Techno-Economics of Sustainable Large-Scale Clean Hydrogen Production.”

* Farhana, Mahamude, and Kadirgama, “Comparing Hydrogen Fuel Cost of Production from Various Sources - a Competitive Analysis.”

35



nsdonmalulanisuslelanauiuiuegiuunuuasulsnisvesmaly Tuidlassaieiiuguiifiegi
Tugnanvinssu ilefiansunguil 18 awiiulddmmnmaluladnsndslelasinuluvssmadlaildsunsianuagll
wionthaldanu msthidhlalaseufidumadenuieivanzan nsvudslalnsuaansavuddldvansgiuuy Tag
Usstnnmsvudsiaulafio mawdsulslasinuliiduseslanis (Ammonia) Saduiinanfwazusingluuloune
vomaeuszina Sauonludoansnsathlulililaeasdnglidesiunszuunmsudsndulidulelnsiou wu msih
weulandeluinlaenssdaldBuinsdnyuasianilassnstiiilas GPSC fisauiio Doosan® udtosiavesmain
wenluilefianisuaes NOx anufisenmswilvll vndesnisulsguuenludenduidulalasauazsieadinalulad
Ammonia Cracker #l#lunisudssunenludonliidulelasiou uenmidearnnsivasuiumalulagniswdn
lelnsiauililugnanvinssunszuiunsuds WisliAnnisannisudesieideunszavesaliusz@nsnwazdeaii

Telasuinldlunediudus uonmiloannszuiunisnan wu nsvudswisenseualnii Wusu
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% Brunner, F., Krummenacher, P., Wellig, B., Liem, P., Olsen, D., Morand, R., & Hodel, D. (2015). Einflihrung in die Prozessintegration mit der Pinch-Methode. Bundesamt fur Energie: Bern,

Switzerland.
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2 Jegla, Z., & Freisleben, V. (2020). Practical energy retrofit of heat exchanger network not containing utility path. Energies, 13(11), 2711. https://doi.org/10.3390/en13112711
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3 Igbal, K., Jiang, W., Ma, R., & Deng, C. (2022). Synthesis of large-scale total water network with multiple water resources under seasonal flow rate constraints. Journal of Cleaner

Production, 337, 130462. https://doi.org/10.1016/j.jclepro.2022.130462
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® vanauwuuTuA3en (Reactive Distillation Columns)
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“ Adapted from Russo, V., & Tolvaren, P. (2022, January 14). Process intensification in chemical reaction engineering. https://encyclopedia.pub/entry/18122
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% Stankiewicz, A. (2003). Reactive separations for process intensification: an industrial perspective. Chemical Engineering and Processing - Process Intensification, 42(3), 137-144.

https:, i.0rg/10.101 1255-2701(02. 4-
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Microchannel Reactor
|

Endothermic Reaction

Fast Residence Times
Reaction rates 10 - 1000 times
faster than conventional systems

1 0.01" - 0.20"
I 0.01" - 0.20"

Combustion

High Heat Flux

10 to 100 times higher than
in conventional reactors
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“ Lerou, J., Tonkovich, A, Silva, L., Perry, S., & McDaniel, J. (2010). Microchannel reactor architecture enables greener processes. Chemical Engineering Science, 65(1), 380-385.

https://doi.org/10.1016/j.ces.2009.07.020
" Introduction to Dual-Dividing-Wall columns. (2020, April 5). AIChE. https:
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Bifunctional catalysis
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Safety

Productivity

% Gutierrez-Antonio, C., Romero-Izquierdo, A. G., Gdmez-Castro, F. I., & Hernandez, S. (2021). Process intensification and integration in the production of biojet fuel. In Elsevier eBooks (pp.

171-199). https://doi.org/10.1016/b978-0-12-819719-6. 6-7
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% Gao, L., Jia, M., & Liu, D. (2022). Process Digital Twin and its application in petrochemical industry. Journal of Software Engineering and Applications, 15(08), 308-324.
h . 1.0rg/10.4236/j 2022.15801
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™ Emerson Asia Pacific. (2024). Digital transformation for sustainability, safety, and more. The 3rd Thailand International Chemical Engineering & Chemical Technology Asia 2024, Pattaya,

Thailand. https://tiche.org/tncheasia2024_presentation/
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3) Uygyseiugidieniiiia (Generative Al Tugnawnssuadl

« Simplifying complex technical
content, making it easier to
understand for those who do not

have deep technical background

« GenAl can analyze vast amount of
industrial data, assisting
practitioner in discovering hidden

pattemn

« GenAl offer instant and consistent
support, enabling user to quickly
find answer to any question that
they might have, eventually saving

time.
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™ Adapted from GoPomelo. (2024). Demystifying the black box of Al. The 3rd Thailand International Chemical Engineering & Chemical Technology Asia 2024, Pattaya,
Thailand. https://tiche.org/tncheasia2024_presentation/
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GC-TOYO Advanced Pinch Integration 15997U GC Aromatic | ° ammﬂ%’l,%amaﬁ 34 ton/h
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2 Adapted from TNChE Presentations (2024). The 3rd Thailand International Chemical Engineering & Chemical Technology Asia 2024, Pattaya,
Thailand. https://tiche.org/tncheasia2024_presentation/
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M3 8 MTIATILY SWOT Mfgniumalulagnisusuuaanssuiunsuasn1sussendldau

UNHDIAMNTWNY

wwaldulusuian

ngau (Weaknesses)

Aududeuvesszuy: nMsysuInsiidudeu 919
wnmidedlunisauny

Aunuga: éfaami@uawguﬁwmumﬂﬁwi"umiamtga
TGEATR PN

nssadiun1siUasuLas: winaueasefiunig
wWasuluMinalulaglnl

auvasadsleiues: nslideyanuuFoal i
anudssmdleiues

Augndesvasdaya: deanisteyailusiudiuas

1 = I
Asuiu Feradulymluunenamnssy

ﬁgmvﬁ«i (Strengths)

JszBnSarwarsaniiueiy: [iuanusinisuas

UszanSnmlunszuiuniswan

a

aan13uaay CO, anNIsLENas LA IngAu an

nsUaee COpensdltudAe

o

< Qldé/ U 4
WEJ’IﬂiﬂJLLﬁ%ﬂ’JUQlI‘lﬂﬂ“UU: ‘Ui‘UUE\‘iﬂ’liWEJ']ﬂim

HRZAIVANNTIZUIUNTT ANANURANAR

1Y

gAnAY (Threats)

walulaganaidesa: nsiauweluladegasings
vilvszuutagtuaade

nsutiedulumann: nsudsduanduandug enaains
anuimesnniunieunuiimeluladi
YIAUAAUYAAINTT TN N1591AYARINTT

Wenwaerasnanisirlule

Ton1d (Opportunities)

o a

aan1sldingAvuazndsau: walulaglvivisan
mslimsnensuasiiudszansnm
AANANTZNUADE IWINABY: ANFBIN138ACO,
duaSuunumveanalulaglugaainnssy
Wuauansalunisudstu: wealuladdieiy

o - o vad
anudsdunazudatuluseaulanlanay
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3.5) walulagn1sandu T¥uselevd waznniiuansuau (Carbon Capture Utilization and

Storage %38 CCUS)

anuddyvasnalulagnisiniu Tduszlevd waziniuaiivau

waluladnisandu THUselevd waginiAuaisusu (Carbon Capture, Utilization, and Storage %30
ccus) dunumdrAglunisannisUaouAIs uauIINGAAIMNTIUNTEUIUNITABINABNITANN1TUABEA 1Y
s s ] a a I3 13 a o I3 = U d’ld U 6V
arsueulaeanled Wy nswdayudiuud wan talduel wazdlnsiad geaivnssumaiidvase g
s a a o 4 o a 1 1 [22
msusulaeanlenluuiunaunn wmalulad CCUS vinlianamnssuanansanniiunusslildlaonisannsvaesine

asueulasenlundusseiniredaliivddny wenaini nalulad CCUS duflunumlugnaivnssunaeyszian

Inganglugnamnssunsudnlni uazgeaimnssunsnandemadsdunszid Wuduy

The CCUS Value Chain

Source: Alcimed

@ « Utilization & Storage »

X
E ﬂ—i Utilization

Liquid CO2

Products

CO2 emissions

= Synthetic hydrocarbons
= Chemicals, polymers
Inlet CO2 cteristics = Building materials

operati

e t ) -
ation, fermentation, ...) - Expected outle
= Hydrocarbons combustion
= Biomass combustion
= Waste incineration

2 stream purity = Gas for industrial uses

Liquid or gaseous CO2 ~
RGN T W==EN  gtockage  F0— N

U7 40 vhalgrauAwasmaluladnmsdndu liusslead uazdniiuaisueu”

Uszlovdvaanalulagnisdnau lduszlevd wazdniuansusy
1) nsaan1sUasnaznisituseleviaisuau

wialulad CCUS aggrganduarsueunuuainba wu lsslniuaglssnugnainnssuy neuiasddesg
UT58171A Feasannisudesasusulsegnsdtvdidty uenandasveundndulaamnsadnldlunszuaunig
ARG WU N1THEATaNAITuATIEI (Syngas) Mandanatain wazn1slilunseuiunismisenainnssudus) &

Hedinyaalituasueuiiandula

” www.alcimed.com/en/insights/ccus-technology-co2-as-a-resource-or-a-waste/

51



2) NTNANUTUAIAIUNEIULETINEANIUATEEAR

walulad CCUS @1u15atfiuAUd uA1UNG 11UlagN15adUaUUNISHEAW 8L NG 1A 1S UB U LU
lelnsunar@oundsduased Nfrsannsfianemameada anlymanuduniuvessian wazatvayunagns

Tunsnszarendnu

3. myaduayudmaneduanmgiisnniavaslan

wialulad CCUS azddaugisluannisvassaiivouialan dedlunumdingylunisannanssnuae

Funndeu waziUdsurulugszuundanuiididu Tngdsnsdndusaziniiuasueu

walulagnisanau luselevid wazdnAuaifuau

waluladnisandu luselevd wavdnifiuasueau (Carbon Capture, Utilization and Storage %38 CCUS)
I Aaa ' o 3 I3 ! = & a
Juwmalulagndidmuneglunisannisvaesiwesveulaeenlenainnssuiunisgpavngsusng o sadunalulad
ialandeanisimuiwasinluuszyndliluganded lnsludagtuszauanundounianalulad (Technology
Readiness Level %30 TRL) voumnalulad CCUS dulnajogsyning TRL 6 §i1 TRL 8 na1ife waluladegluszdiu

o 1 2 ¥ I3 = [ a 3 1 a a L4 IQ’!

vodlasInsthsauaraswuwuuvadn aufssgdunsasanasiiivldnulugondyd Inegnuenellnguau
aunsathunldluaninmndenasals wienvedelilahlvlidlugondudegraduysedn (TRL 9) agelsAn dung
NSEUIUNIS WU ASANTUAISUBUNAINISIH MY (Post-Combustion Capture) wagnisiniiumsueulutul@ssdl
al' £ =] o a o 1 a a 4 1 & [J Y Y 1
ViaunsnimuIauussg TRL 9 viieanunsadinalulagaananluldludomndydognalulszanlaua wu lasainis
Boundary Dam™ luuszimneuauini wazlasinis Petra Nova” luuseinaansgewusni Wudu lnaguil 41 uans

fngramalulad CCUS Tuszauaundonnieg Tuszauuiunaif

Carbon capture carbon storage Carbon utilization
Post-Combustion Polymeric Oxy-Combustion Post-Combustion
mamiavseanalulad ) Membranes (lonic Liquids)
ccus Pre-Combustion  BECCS Industry BECCS Power
Tuszivwmnmia T w
Saline Formation Mineral Storage ‘Ocean
Depleted Oll and Gas Fields ST
CO,-EOR  CO,-Derived Methanol Mineralization:

Concrete Aggregates
Blological: Microalgae

Mineralization: Carbonates

Urea Production

U7 41 fegramalulad CCUS TuszAuanundousiie o luseAuwd™

™ unfccc.int/climate-action/momentum-for-change/activity-database/boundary-dam-carbon-capture-and-storage-project

™ www.energy.gov/fecm/petra-nova-wa-parish-project

o Bajpai, Sushant & Shreyash, Nehil & Singh, Sukriti & Memon, Amir & Sonker, Muskan & Tiwary, Saurabh & Biswas, Susham. (2022). Opportunities, challenges and the way ahead for
carbon capture, utilization and sequestration (CCUS) by the hydrocarbon industry: Towards a sustainable future. Energy Reports. 8. 15595-15616
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Mnfinaandrsiuaziiulain MlanFuinsdidunaieriumalulad ccus Falasans CCUS wuna
Tngisudunuesgluiagduanialannii 20 wis awnsadnduuaziniduasueulsuszunm 40 dudusied
uenniilasinisiiogseminenisitan iy afaefifsdunsedteddedidy ldud swsnuvile olsy wasieide
dmsuusemdlugiinieewinuviiotu ansgeniniuazuauiandudinlulasing ccus Tngldfuusamdnduan
ulsvsatiuayy Wy asinn® 45Q vesansgn” uenaniluanamglsUldRadmangues CCUS agnedniau Tay
yunalulad ccus Widuarunilsves European Green Deal”® Tnefilassnislugfisfiunslulseinauesig
(Northern Lights)"” uazluavssernning dmsuginiaefedu Ussmafifinsamulumelulad ccus aghad

@

Woddny loun YsemadunazgJu Inedilasinisdisedwasmaidenidunisysainisvesnalulad CCUS fu

o

lassaieiuguvesenamnssuiilogiay

dmiulsemdlve dudmanenisannisuaesaisveude nelul a.a. 2050 Usewelneazausaussg
anudunansmisasueu (Carbon Neutrality) I wazanglu a.e. 2065 azannsaussanisudesfimiiounszan
aviddugud (Net Zero GHG Emission) lémsddu TutlaguldtinsGuideuaslnsenisihseswaanalulad cCus
Tuvaneniadan enaensuuaznansdnu Tagluunanudasuvanalulad ccus fddgdmsugnavngss
nszvaunsvesUszmelneoendu 3 @ Ao maluladnisenduaisueu (Carbon Capture Technology) malulad

ashasueulUlduselewt (Carbon Utilization Technology) waginalulagnnsinifiuaisueu (Carbon Storage

Technology)

wialuladnisdnduaisueu (Carbon Capture Technology) Nddgyiialiusemealnedngidmanenisan
nslaseA1susu wazduasunsiLiunisegndludmviuanamnssunszuiuns annsauwdslaidu 3 welulad

wén® (3Uf 42) fio

1. weluladnsanduansuounaunaynainisi gl (Pre- and Post- Combustion Capture)
2. walulagn1sanduainenielagass (Direct Air Capture %39 DAC)
3. waluladndsudanmnseunisandunaginiiuaisueu (Bioenergy with Carbon Capture and

Storage %38 BECCS)

T EA (2020), CCUS in Clean Energy Transitions, IEA, Paris https://www.iea.org/reports/ccus-in-clean-energy-transitions, Licence: CC BY 4.0
" energy.ec.europa.eu/topics/carbon-management-and-fossil-fuels/industrial-carbon-management_en
™ ambitiondclimate.com/en/co2-transport-and-storage-project-the-northern-lights/

% www.nxpo.or.th/th/18841/
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« alulagmsansuaisuanunianiaznaInsien tnl

(Pre- and Post- Combustions)

- walulagmsansvanetmalasass
(Direct Air Capture: DAC)

N
« waluladwasnudrmwniaunsenduuazAniuasua (Bioenergy

with Carbon Capture and Storage: BECCS)

JUN 42 amsanalulagnisdnduaisueu

1. weluladmsanduasusuneulaznaen1slng (Pre- and Post- Combustion Capture)

a)  waluladnsinduneunisiilusl (Pre - Combustion Capture)
Jumsdnduaiveunsunamindifunszuaunisiiuen o, senanidoindseadadeunis

wlve! Tnewdeudemameadalidu H, way CO, 91Nt CO, axthunuenuassndu dm H, wgnidly

nslndivdonisldaudug dmsumeluladdnduiounismind famnsoiluvssgndldlulsdlaih

wuuindnsuaunisuusan ndufine (Integrated Gasification Combined Cycle %38 IGCC) nswanfing

lalasiau viselunssuiunsenaInnssunssuIun1s (Process Industry)

b) waluladnisindumasnisiilug (Post — Combustion Capture)
nssnfundamaunlndfolsnsdnduasueundsnniiowdmeatavietnnagnnlndiud:

Faiertesiumsaiin CO, mnfwlelde (Flue gas) ivdesoonuanlsdluihvidonszuiunisgaavinssu

wadafinuvesliun nsgadusaediiazats (Absorption with Solvents) nsgasuuLTanvauds

(Adsorption on Solid Materials) wagnsuendielenses (Membrane Separation)

A19819USENNNYToINUMALLTAEN1SANIUNGINITHH brg]

- U39 Shell lifinsamulumelulagnisdnduuaziniiuansueulul a.e. 2023 Tnediyadinis
amulneUszan 300 Suidenmeadianss afiudu 55% 10 220 SuFegmeadiansgly
U A.A. 2022

- Tassnsendusazinfiuansueu Quest Feidunislag Shell #ilssnau Scotford Tudszine
wawan Tasudunisendutasinfiuadusunnnnit 8.8 ausy tusauaEusdunisiud ..

2015 wazdanudululalunisiindaaiuaiunsaluniseniukasiniuasuauliuniy

(reports.shell.com/sustainability-report/2023/achieving-net-zero-emissions/managing-greenhouse-gas-emissions/carbon-capture-and-storage.html)
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2. walulagnsanduainenielaeass (Direct Air Capture %38 DAC)
weluladfazdnduasusulaensiaineiniaseusa WWuisnmsiddglunisussqnisudesasveu
Juau Weswnaunsadniiivansveuiifiegudiluduusseinie szuunisdnduaisusuainainialaenss

Tnerldaglinseuiunismand

Aa819USENINgdaInUMAlLlagN15ANIUAINBINALABNTS

v oy

- US¥m Climeworks anesstulud a.a. 2009 lagadulunsifufinliuiniswelulagnisdniu
nenAlaense Tud A.d. 2022 UTENlAsEANNUNT 650 auwsEyneaa1ansTlunsNTn
AMNANNITOIUNITANIUIINBINIALABATT ATAI19EE1UNTaRNIUAwA1S Usulapanlenan

a1NEkang 36,000 Humal

(www.esgtoday.com/climeworks-announces-direct-air-capture-technology-breakthrough-to-scale-carbon-removal/)

3. weluladndnuTinmmseunisinduiaginiiuaisueu (Bioenergy with Carbon Capture and Storage

9158 BECCS)

waluladndanudrnmndeunisdndunaziniduasueu Ae waluladfisunisudnndanuain
FunadifumalulaBmsanfusaziniiuasueu lneTunaszgnulandundanuidinin iy wdsuan
$ou It videidoundsianin drunisiwnlvll viensuin Sdlusewinssuiunsdandinuanionisudes
fingarsusulneanleduazgnauivesnannszuiunisinemalulad CCS fwansueulasenleiazgnuudiuay

P ludnAulutuldaussedl

firag1eusEningatanumalulagnd s udanInalenIsAndukasAniuAISUBY

- UTHW Drax WuuSimussimasenguiisdunislssiniandama danuamnsaluniswdnlni
N1 2.5 GW gausenladnisfnwinazamululasinisinses wewauimalulagnisldndsau

Fanmrufunisandusaziniuaisueuy lnedlidvuneasueuinaunielud .. 2030

(Deployment of BECCUS value chains: IEA Bioenergy. Nov 2022)

dmsumelulagnisandumsvenludsewelneiu delafinsilssyndldiugaamnssunssuiunisuin

@

0 waflnswauIwarITARLNINTY WU U Inendeuiina levinn1s@nenisnnssnduaisususlemaialasian

fim (Cryogenic Carbon Capture) lnsnisiwdsufiwaisveulaeenledlsinuliidureswdadnenisldgaumgiisi

v o

ntuieensuaulneanlasiandndvazihluadnuniuea®

Y

81 ywww.nstda.or.th/sci2pub/cryogenic-carbon-capture/
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PRIINNISANTUAIwAISUBULRBan R aNLaIUanUaReLa Y NgAlsuaulneanlenavgndudawazyy

Y

dwuvie Fe sall viesaussnniethlulilunanvanenislilunulugmainssu (Carbon Utilization) w3at18n

naulUTutulafussd (Carbon Storage) Inawaluladfazungienainisandutuazineanunaluladnisly

v
aaa

Uselentuaziniiuansueu (Utilization and Storage) fauanagudl 43 F5Tiluidiiiudszananmlunisannisudes

o '

Asueu Fadlmuddsenisussqidvineanudunaismamsueu (Carbon Neutrality) waznisudssfineiiou

ﬂizﬁmqw%lﬂuﬂuﬁ (Net Zero GHG Emissions)

Capture Use
Capturing CO, from fossil or Using captured CO, as an input
biomass-fuelled power stations, or feedstock to create products
industrial facilities, or directly from the air. or services.
o O
—r >

B

111
P 7an Transport
e —— W Moving compressed CO, by
ship or pipeline from the point

- of capture to the point of use
=

am | =
_F% qp CEE

Storage |
Permanently storing CO, in

underground geological *
formations, onshore or offshore.

T

gﬂﬁ 43 unun1w Carbon capture, utilization and storage (ccus)®

dnsunisinfigariveulaeenlaaiianduuilduszlesuiu amisailuldlanamimsaaznisdou

nanfe nsihluldnenss Wunisihfeansveulaesenledluldlagliinisdsundamani wu dluiia
UsgAnSnmniswanungiu (Enhanced Oil Recovery %39 EOR) Tuvazinisinluldnieeu e nsidvuntasing
asusulaoanledlumanil 1y nsihieaisueulaeenladluifuasisduliiunssuiunsnannandausinig
1 a 2 a =) a a [ %4 o U v a L% @ o 13 v
WU NMINARAginU %39 nszvIumWannunie Ludu dusunisldmalulaglunisininunaziasveulyly
Usglovillugeanvnssuneunin fis Msanduiitgaisueulneenlednuaesyesninainnssuiunsuanyudiuug uag
dandudnlludunaunsuninszninnmsnaniidaliunleia inujiseialilueadeumsveuunuazgniniuly

Tumaunin®

Tagtuiimsdnduiineaisusulaeenledeti 43 Audu vsedewar 0.1 veanisudesingaisueulasenlyd
7lan 3nnsananisal Melud a.e. 2030 MNlASINISANSANIUAISUBUNTNISUSE A AT anUaRlanaunsaLtaly

nuld avanunsadnduiwansueulaeenledlitia 279 Sudused (Rauanaguil 44) Aadudesaz 0.6 vesn1sUase

® |nternational Energy Agency (IEA)
5 shorturl.at/X9wa3
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fingansueulaeenlydvilantutlagiu uenaininalulagnislivsglovivesiwasuveulneanledlaanisiluviy

UszanSnmnisndsisiuanasaindevay 73 Wusesar 20 whiudnarunsiniulutuiuldssd

2021 i 2030

Utilization Enhanced
Dedicated oil recovery
geological
storage
Dedicated
geological
Enhanced storage

oil recovery

JUT 44 anwannsatunisdnduansueuiiilan s U 2021 uay 2030%

ag1alsfd welulaBnsthfingaisueulneenledluliusslenilulssmalneiulaedlngegluszdunis

Wanwasdde Wy anusmdissenitnsiiihdendauislsemalne (nvin.) wazgmansaiuninetde laimun

| LY

winnssu “n1swdesuairsveulasenlgdainlsdnidndummiuea” Wudu widdus¥niawnsadrine
a3 uoulnoenled lUldusslovdludandyduds wu vidw §idea dudiinsifin lwgdu 910 Jadrfie
msuaulneenlunivaegdussernianduivinliuians uaglilunisudalafenaisuaiun (Na,CO,) aunsnan

mMsuassfnwisaunszanlauseuna 38,000 suasusulnoanlenieuminget

flag1eusEningatesnumalulagnisinfieansuaulasanlanlulduselovd

v
s

- U3EW HI fawunaluladnisndn e-methane 1 sannisuassfieaisusulnoenladgiu
ussena lnen1suszgnd ldimalulagnisanduwazdrluldusylegdaisueu (CCU) Tay
N3¥UIUN1S Methanation A1an1salianinsaannisUdesasueuld 8 wawsunieglul a.a. 2030
wag 72.3 anusdulud a.e. 2050

~ USHm Uan. aw. Jlasanisihsesnisiude Flare cas s Carbon nanotubes (CNTs) Tngly

Yagtueglutuneummeassniaauiy (Field trial test)

(Alternative fuel toward carbon neutrality using IHI’s standard methanation: TNChE Asia 2023)

dusumalulagnisinifuasusululsewmelneg TainisSusiiunsludmidsdual Aslasinisaniu

o

faasusulaeenlen Uilay USEn Uan. d15iauaradntlasiden 3009 (wnww) (PTTEP) laisulasenis CCS uwsn

v v
[ '

vosszmnelnguvasinesssunieniing Fedegvinannyeildwminawar 230 Alawnsluenlng aniialy
wialuladnsanduarsuounieBanses (Membrane Capture Technology) uazdnainwmsusulaesnlenainimas

& ad a ] ] I 1 a a o ' a "
NNYEITUYINNLLNUNAR mﬂuu%“uua&1‘ULﬂUEJEJNm%iIuMq3JNﬁm UIEN Uan. an. mmﬂiﬂﬂ’m CCS NuaInN1ey

& BloombergNE. Global Carbon Capture Capacity Due to Rise Sixfold by 2030. October 18, 2022
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sysumfefindazannisudesingaisuaulasanledls 0.7 - 1 dudusel Ingludagdunisd@neenudululdves
lasen1s CCS Aldadaanysaiuan uaglassnisidsegluduneunisfinviiuienssuuazeenwuuilowy (Pre-

FEED) Tnamatnasisusniums cCs Tudl a.a. 2026

A15799 9 1A5IN5 CCS Ardasiiunisluusemealne

Felasens Uszinnves anuzanui a0uzNIAiueu Uszan
1A39M13 AFMNTTU
1) PTTEP Arthit Fanele ﬁ&uuﬂu%uqa ag3EninamsaAiiuau Natural Gas
Processing

2) PTTEP Northern Gulf of Fanelue Afofmulutudiu  egszwinemasuiuny Storage

Thailand CCS

(s1897ulae Global CCS Institute: https://co2re.co/FacilityData)

Carbon Capture and Storage Project (CCS)
at Arthit Gas Field in the Gulf of Thailand

COz Capture ) cOzTransport > Cozstorage

o i "Ntllhnd Phﬂonr: 9

3|
e
|

Processing Platform - Injection Wellhead Platform
2o, .

CO, Storage in
Saline Aquifers
and Depleted
Reservolr

Natural Gas with CO,

e Capture and
CO, {concentration at >95%)
is captured from produced
gas by Membrane technology
and compressed for transport.

@ Natural Gas Production

Gas containing CO, is
" produced from natural
gas reservoirs at wellhead
platforms.

CO, is transported from
capture-compress facility
to the wellhead platform
for injection.

and depleted reservoir for

permanent storage.

U7 45 wieluladsunisiniiuasueulaeainuiem PTTEP®

wanaNt uTEn Uan. drsrauasnintlnsifen 910 Wvnvw) wasuTendidulasingainussmag Ju
INPEX Lafimanusuifleduiioviinis@inmdneninduiussdingwazr anudululdegsasudaulunisdnds
Audnarsnsiiuinasueulusinenewmile Tuguiuu CCS Hub Fslutagdu u3dn Yam. an. lesawdeduuitm

melungy Y. ilednmanudululilunsuszyndliinalulad ccs aneldlasenis Eastern Thailand CCS Hub

Faaunisumalulag CCS ildioatvayunisannisuasemisveulussuzen luiiuiiseideaasygiania

q

v
N &

priupen (Eastern Economic Corridor %138 EEC) wiiAnvadlasanisiiAa nssivsiuiiwasvaulaeenlenain

¥

wasgnamnssuaueins Jusenliniqudnarsneuiitsauddiuenyvelafiedaiulug1ilne lasinistitiedu

1Y v o w <

lassnsdrgdmsugaamnssuiulinsdenuasllnsalinanusaannisuaesaisveuldedefitedAy wazidu

o

5 mysensuuaziniiumsueulneenias. (n.d.). www.pttep.com/th/our-company/ep-net-zero-2050/carbon-capture-and-storage
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https://co2re.co/FacilityData

lassnsddglunisissmelnegenudunatmisansveunaznisudesieisounszangnaiduguedluouan

v o

& & : y AP ERN.
wennil lasamsifahluglenmaluewianduasugiansueunivesUsemalng lnglasanisil Andnvesu

Fufiunsiud .. 2033 wazarilanuaiuisalunisiniiuansuauldussana 6 audusad

JUN 46 ununmingugaavnssululsemalvelusufouasugianiane Jusen (EEC) Tulasenns Eastern Thailand

CCS Hub®*

AMUNIMeLazlanialuauinn

o w

waluladnisandu nislduselevd waznsinuaisusu (CCUS) wWunialundasiladdalunisannis

17

Uaeemsusuuazussaidmunenisudesfesounszanansilugud (Net Zero GHG Emissions) wsegnslsiiniu
nsitmuaziimalulafiinlFruseandaiuemnmimenatsdiu nsamedosuyuiigdumaluladnisn
JuasusuInuraIUaesLA g LLasﬂﬁﬁmuﬂmaa%aﬁugmﬁm%m‘a‘uua'mazmsLﬁuﬁnﬂﬁuauﬁé’aﬁaams
Fuamuumaadaansduzuil 47 Suduaindununissaieaisusulaoenleduar UfATensindai
(Dehydration) fieglutasmamszun 12 - 22 aoaariresuaiveulaeenled antuiwasuoulasenladasgn

g ]

uddlagsyuuriovieie JeAsuuegUszinm 2 - 25 aeaasdesiunisuaulaeenlys wasihludniuldtussdl

FasunuegUszanm 2 - 20 reaaireduaiveulaeenlyd aavienisfiamuuazasiadeundaninnsiniiudadl

& mssndunazinifunsueulaeenla. (n.d.). www.pttep.com/th/our-company/ep-net-zero-2050/carbon-capture-and-storage
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fuvuegssieLlies tnelidunuuseinu 2 - 5 asaanideduniiuoulneanlen MNAUNUANATINNTIRY FuYUTI

dwisuwealuladl CCUS aguszan 18 - 72 aeaarsreduaiveulaeenlyn

60—
Indicative Cost Ranges for CCS Value Chain Components

50— Notes:

1. All cost ranges are approximate and are based on published studies by the European Zero
Emission Technology and Innovation Platform, the National Petroleum Council, and GCCSI
process simulation for a 30 year asset life
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g 40— 2. All costs have been converted to US Gulf Coast basis
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S v o ] a

& N | a0 a ° ) N o a
NWUN ﬂ’JfJﬂﬁliaUUﬁléuLLagﬂaqﬂiqﬁiuaﬁﬂﬂnﬂﬂ’]ﬂaqu W]ﬂIUIaEJu ﬂEJﬂ']WV]T\]SUW"LUQﬂ']iLUaEJULL‘UaQV]ENEJULLaS

a59urAninnIndunsuusemalnewazlanuaasd

& Technology readiness and costs of CCS. Global CCS Institute. March 2021
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3.6) \AsugnanyuiIsy (Circular Economy)

Eastman methanolysis system

1 System boundary Total methanol input ¢
Recovered methanol
T

Methanol

= Plastic Plastic feed Polyester-rich Dimethyl :
Production, use, and IS, X y Gt Eastman terephthalate (rOMT) |
preparation

end of previous life methanolysis
for plastic waste

Copolyester

Copolyester
plastic

production

Ethylene glycol |
Waste for coproduct (rEG) |
disposal '

Waste for disposal
and energy recovery

Waste for
recycling—CRT

Eastman
carbon renewal

Olefin-rich feed Syngas for plastic and

chemical production

technology (CRT)

JUN 48 nmnsinlarAudAyYeATYERIMIUIEY

wiswgAanyudsuseaulan (Global Circular Economy) iWunisudlgmmslimswennsnligadunaznns
Jan1svesds lasyutdunislininginsed1aiusz@ninngeganaoniavstinvesnansiue (3UN 48) FauuiAnildl
unumdAglunmsaamsvassinsiseunsyan lnslanvegedsludumiieiteaiugnamnssuiasinunsnssy g
ananglsuladuufndluufiRiuunuujoRnsirsugiavsuideu (Circular Economy Action Plan %38 CEAP)
= , Y = LY 1Y a v a
Fadudud1Ayves European Green Deal lngdidwunglunisanusinadusensnginssssuvid asnenisiaule
MuAsygiandsdu wazatvayudmneanuidunarmeaningfionniavesannnglsunelul 2050 (EU's
2050 Climate Neutrality Target)® @ slutssinalneglainwiAntunussendldiiulunaiaswgia BCG (Bio-
Circular-Green Economy) %m:dLﬁquEJmEJLﬂiwgﬁﬁ]%’me (Bioeconomy) Lﬂiwﬁﬁmguﬁau (Circular Economy)
a o« % q’ v o 1759 i ' '
wazlATugNadllel (Green Economy) Asuanslusui 49 tngluussmealneldunlifunguanaivnssusiigg wu
9AAMNTIUNDASIY QAAMNTIUIAN BAAIMNIIUNAIERN gRaMNTILNLAT SATINsTANIsvzLazUe L desine
1 a & v 89 = v o v oo a
wu vezyanes vernaain Wudu® deduningeamnssulnglaiiuuimie 10R ndssendldiiiodaaiunasy
CX a a ! v 96’ k4 =) a a &) v 90
aduayuAsugiamyudoy Wy n15lden (Reuse) N15ann15LY (Reduce) 3an1sslaia (Recycle) Wudu™ lng

v o

anunsalsmMaiaveznaainvesUsemaduandluzun 50 nudhSinumssludavesesnataindedidiuam

o
U = v o

Weosllawisuiulsununislindnduyinatadine1ag lulseme Asudswoduwimiain1sinnsdmsuLAsugia
wyudsudsheandymuesuazveudeniag wazdisannisUasefitgsounszanlasniie feg1aeu n1suivee

NINFNEATINEINAN TS waznssisRanarafniethndunldlng msudsgureslundenu’ Judu

# environment.ec.europa.eu/strategy/circular-economy-action-plan_en
¥ www.industry.go.th/th/industrial-economy/7775
* petromat.org/home/circular-economy-model/

“t ananisianngaanssulnenuuuiaasysianyudeu (Circular Economy), NS¥NsIgAAMNTIY, 2020
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BCG Model
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Resin Consumption vs. Collection for Recycling

Total of Local Resin Consumed Tons CFR

LDPE/LLDPE

rLDPE/
rLLDPE

|
i

l - 3.5m tons of resin . | '0-60_' m‘w |
consumed per year 'Y“'

JUN 51 Ysnaunisuslaastunatafinusiasiiadenssloalaeyssanasot”

31n3U7 51 nudnfidesinusianisuslaasdunaiain 3.5 d1udusiel wavSuaignslufa 0.6 41

£

S = T3 o & o a a 1Y = a A = Y
AuUnal 61]1‘1/1L‘W'Lmﬁﬂ'g']llﬁ]']LUUIUﬂWiWW‘U']‘U533V|ﬁﬂ7W6UE]\153UUﬂ']iﬂ@LLEJﬂLLagilsULﬂa Im&JVImum&mﬁﬂmLEm‘UEJz
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“AINNANID U

1. msfawenseiie (Manual Sorting) 1WisAuAuldanwazanzity & U uwazvaain lunisuen us

v o o v o

f9ainfnrsldlseuunntasa1ainveRananlagRziunNaaannlanyausAaen
2. NMIAALUNAIEAZLATI (Screen Sorting)

3. sAALENAIBunan (Magnetic Sorting) Lw3snsAnuenlansvudeusenainiandulagende

AL TRNIUI AN

% Market Study for Thailand: Plastic Circularity Opportunities and Barriers
% Zhou Tao et al., 2023, Resource Recovery Technology for Municipal and Rural Solid Waste, Chapter 6 - Integrated mechanical separation for municipal solid waste
% Nutcha Taneepanichskul et al., 2022, A Review of Sorting and Separating Technologies Suitable for Compostable and Biodegradable Plastic Packaging

% Ville Lahtela et al.,2018, Mechanical Sorting Processing of Waste Material Before Composite Manufacturing - A Review
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4. nsfnuLenlagefeusaltiugas (Gravity-Based Sorting) 1SN sAnuLenlngefaAuLANAIUDIAL
nuUU IneddunounanAsnIsua inANEYeIA LaZIOU MUAIBNITLENAIBLIINIBY (Centrifugal Sorting) AS

as-aegluih (Sink-Float Sorting) sen1suendgenniel (Air-Gravity-Based Sorting)

5. M3Anuennen1si i (Electric Conductivity-Based Sorting) WJuisnnsAnuenlneafealny

N

wansnalunsi i lnenanafnialussiianddlddnlniIsnedeniswenaanagianauintin v

q

6. NMIAALENAMBNMLATIET (Image-Based and Optical Sorting) Wumaluladdugeiildszuunisueaiu
warnsuszananan wlunsAnwen Wy N1snaudesdunsisa (Near Infrared) wagnisiseqiasvpasadiond Tu
nsfigatiendnualiazaudfisigg

= [

waznAlalUofwardtod1nANkANA19IY N15E0NIWANANUNYEUYS DNSHANKE I UNANSNATIALUD

meiudsdunguadAglunmsfiudszdnsamnisdauenuagilafia fegratu u3En TOMRA Taimumalulad

o

Flying Beam”" @sldiduwosilosdunsisalun1snsiadu wazinalulad Deep Learning® iteiiiuuszansanlu
NIAALENVIZUTZLANASY U waadn 1 nszany Tasgudugi dawalnonsinisslAaiutuuazannis

s

Yuidouldegeisz@nsam uenanil USsm AMP Robotics InhwalulagUaanusehivg (A) uldlunssuiuns
fousnuezsloida Inefndslindememusidemoudauen vliannsodauentanslufameaiuusiudiuay
Anu§rge” BndagnsnsaiAinuues AMP ONE Cleveland Plant fianusadauenldfs 50,000 fusied anunsn
yald 18 Falusdetu gegn 6 usedUanni lnsliifeserdomsdnuendeiie® danmsunmaluladmaniuld

wPieiinUszdnsnmnsdnuenvezvadlvenasduasuuuImnsdansdmsuasyganyuiou

1. M5k (Reuse) wagn15aAn1siy (Reduce)

Uszimalnadulszmaniinnsdseandudimianisinensidundnyi liAneen19an1sinyn s e

warafniunanussgdaginenisineesiudiuiunn Faduniduamnvesnisuassingdeunszan ilddedl

v
o

nsdnnIsveduiieannislassfitesaunszan lagerdeisnisvsemaluladanige ienalmiinnislggn (Reuse)

o

wazn1sannsld (Reduce) endregnutu nsndmdanatafinsemalulad SMX 909U38n 10add indidad 9110
(SCGO) Inanalulad i Junsilidananafniinaauifimuniusazudaussnindananafniall vinldussyioue
A a < a o a v = 101 = wa ' v X 9 I =~
Mndalagdananadinindnsiewmalulagd SMX' daaaudinudoanineinialad Juslussadueiliing el
H o o’ a o = ° v & a o a 1 = v o wa
wmtniundananainiall sufsaunsatlunaudiudenanainludalauinisdesas 30 Inudnnmauds

Wisuwhlanuussgiaeivuudu sibiianisaanislidianarainlunsnssuiundnussydad annisUassiiwitou

°7 www.tomra.com/en/waste-metal-recycling/products/technologies/flying-beam

% www.tomra.com/en/waste-metal-recycling/products/technologies/deep-learning

* ampsortation.com/technologies

1% Michaél Becidan, 2024, Advanced sorting technologies in the waste sector, Case studies compilation,Mar Edo (RISE), Linnea Granstrém (Swedish Plastic Recycling) and Carling Spelhaug
and Carson Potter (AMP)

19 www.scgchemicals.com/en/articles/stories/1653740701
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2. ms3Aa (Recycle)
2.1 Ms3lAaLtana (Mechanical Recycling)
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EDrop Point Collecting | -==|

Hub

[ ]
: Customer Recycling
U Waste Process
\ PCR Plastic
Products

8

JUN 52 TunounssuIumMssodaiieng Anudasein nszuIumssldadisna ENVICCO

12 www.scgchemicals.com/uploads/Brochure_SMX_A411_15_09_2023.pdf

19 sustainability.pttgcgroup.com/en/projects/945/envicco

65



2.2 n1ssloAaliandl (Chemical Recycling)

ms3lefaduadidunszuaunmsiidanistudesfavesnisSlufadana Tneviniswdeunatannildugy
UHUNTZUILNTINATANSY Tnza Wy nszurunsinedmelsedu (Depolymerization) nszuaumsinlsla
@ (Pyrolysis) nmsyinliansngdvitazate (Solvolysis) Iﬁﬂawal,‘t‘]uuaual,ua%ﬁsalﬁuLﬁai%’ﬁlu’;’@aumguﬁaﬂu
nszuaunsHan Tnguwamsiidielfansawsnwanadnuanfidudounsonanainfivuilou wu wanadnuangdu
(Multilayer Plastic) Susinlamngfunszuiumsiludadna ms3luAadunifvsaivayuasvsiunuiou
lnen1sanvaddsannnisilenay ann1suasefinelseunssan karn1sUIMSNeININAUN IR uWNUNISHERINN

Wolndsneada
221  naszurumsAnediualswdy (Depolymerization)

nszvaunsinedwelswdulunssuiuiiliasldnedwesunndieenluneuswesinenuuiisewadl
WBivwliaunsoslafareenarainuszinnene Ia lnenandntousiuoiniianuuiansuazilnnnngsaiuse
i lUldesamanafiniudld Wy US¥m Eastman laldnalulad Polyester Renewal Technology (PRT)'™ wn3luifa

nodledameaIAlunIEUIUNISInalalada (Glycolysis) w3oluniuealada (Methanolysis) iafiazlaueusioshwmu

'
@ a =

waduTnadvulunisuandusell way Carbon Renewal Technology (CRT)' &adunsezuiunisiivilvinediues

q

wandaeenduneusiuesituieaiuiu PRT dwandluguil 53 awnsoslufaveznatafnuan veznarafnidudou

Taduraninanin @ndunedhilaraslsd (PVQ) IneiaaaiSdaiunsannistenau ann1skIvesnanain way

o

annsadnaunldlndle uenaniifsannisldwemdmeadalunisndndanarafinuiansuazannisudesingdeu

nszanlaanee

Eastman methanolysis system

1 System boundary Total methanol input '
; 1Recovered methanol
T

Methanol

= ' Plastic i Polyester-rich Dimethyl ¢
Production, use, and [, Plastu:fe’ed v mfd 4 Eastman terephthalate (rDMT) | Co:lyefter Copolyester
end of previous life b methanolysis proguction plastic
for plastic waste
Ethylene glycol
coproduct (rEG) :

Waste for
disposal

Waste for disposal
and energy recovery

Waste for
recycling—CRT

Eastman

Olefin-rich feed
carbon renewal

Syngas for plastic and
chemical production

technology (CRT)

gﬂﬁ 53 Carbon Renewal Technology (CRT)™

19% eastman.com/en/sustainability/environmental/circularity/circular-solutions/polyester-renewal

1% eastman.com/en/sustainability/environmental/circularity/circular-solutions/carbon-renewal-technology

1% info.eastman.com/rs/820-JEE-A56/images/PRT%20Methanolysis%20L CA%20Summary%20Report.pdfzmkt_tok=ODIWLUPFRSOONTYAAAGO4xzbhoxYUnJhPOh-Tx4UCetv8G_Fhwfz5-
HQIXtApUO1PYLp3iXs7VHydGdY6EUw3KbG3PMYbkA1x02tHaOt_eVmSfMYbNpMon9i7uvaSdQ
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2.2.2 nszurumsinlsla@sa (Pyrolysis)

a o a

nszvaunsinlsladadunszuiunishimnudeungamaligsivueswanafinuuulifioendiau lnsuusann

nlassasendudeuliduluanafidnas eraldvseldldfmisswiisovislunszuviunsinlslada Feinldmuise
Ufisenasiendt nszuviunisinlsladaldiuseufiisen (Catalytic Pyrolysis) Fanislafaiseufisenaselvinanly
nszviunsinlsla@aduas angaumgiiltluseninnszuiunsyiliaanisldndsnulunssuiunisinlslaga lae
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nszuiunsinlslada dsausldduingiuddunaiivievsuswesdmiunisudanaradinlulle et

U3EM 10ad33 wnllneadlaldnszuiunsinlsladaldsnswjisenlunisslufavesnarainiieilindndugidinan

P
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undiunazfineeingg IngladanuvmelusewemnsiaudusmsluiuresanuiiadssnimuasAan g

U

Tnsdaadduyulunisndndusan nianszuiunisinlsladavesusem Sulzer” launssuiunmsiluldslafavey

I3
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warafnuandwansluguil 54 9nduniunszuiun1svinliuians (Purification) A1e3snislalamInfa

(Hydrotreating) lilemdndudoUn W Fawes aaslsa lulnsiau ntuazNIUAIEUILNISASIeN (Fractionation)

[

18735n135naU (Distillation) e aglanandugiesnulalunisndsluddunell ¥ief10819903U3 99 agilyx uag
USHn wally WBuuesdd laihnszuiunisinlsladdlunisndnalasunsusiussanvsznarainuszinnalai uss
wandlugun 55 dstdunszuiumsinlsladadagisannisudesfieEounseanuasianiededaundouununisil

v

naukarn1sw uenanifudunisatvayuasegianyuieulaeviliaunsat faanauunldlndldedwsioiiios

Fractionation

JUN 54 msSlafavernaafnuaumienssuiunisinlalsda dauasain Sulzer

19T www.sulzer.com/en/shared/applications/mixed-plastics-pyrolysis
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Polystyrene Waste

Agilyx
Pyrolysis Process

Vents, Heavies _
and Wastes

Technip Energles

By-product
to Storage

Styrene Monomer
N T.EN Purfication ﬂt)
Agilyx Styrene Oil Process

Vents and
Heavies

JUN 55 nswdnalasuneusieirenseuiunisinlalsda’®

Tneinan3NeHU @SN NTINYBINTEUIUNTS WAaLAGaLanIgUN 56

Mixed Plastic Waste

Multilayer Plastic Waste

Separated plastic waste

Virgin
Feedstocks

Monomer Polymer Plastic Application

Refining mmp Polymerization mmp Formulation mm) Processing mmp Packaging mmp Use

}

Non-circular
pathways

JUN 56 ansiunsinnsslafananadindieisengg '

198 www.ten.com/sites/energies/files/2023-05/Brochure_TruStyrenyx.pdf

19 Crippa et al., 2019, A circular economy for plastics — Insights from research and innovation to inform policy and funding decisions, European Commission.
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3. awly@a (Upcycle)
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SwlwiAafensrurunsfidouTanildudlvidunanSusifidyaduasivsslovdldassigetu Tngly
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aflsNegendy Ussmelne dmilasanis Upcycling Plastic House' Tnginnaasuskazgauwsunadaiiuuingn
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dundsmuazsiai dhildunaraiinuszinnwedieniau (PE) winauiunslditendsduisnay wiiwing Usey uag
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10 www.mitrphol.com/pdf/MITR-PHOL-SD-report-2017-EN.pdf
1 sustainability.pttgcgroup.com/en/projects/10/the-upcycling-the-oceans-thailand-project
12 www. pttgcgroup.com/en/newsroom/news/1260/p-and-g-collaborates-with-gc-to-deliver-the-upcycling-plastic-house-made-from-recycled-materials-promoting-sustainability-and-

equality-together-with-partners-sansiri-lotus-s-and-habitat-group-they-continue-to-uphold-the-sustainability-vision
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Mechanical Recycling Chemical Recycling
s:AuUAIUWSDL " ~ .
motnalulag 9 - 7 (mslalugawncize) & — 4 (mswWonuaRnoapUGULULY
AUWEDLUDY Mechanical Recycling
inalulag o
LASUIADHYUISEU Depolymerization ‘
tus=auuusa (depending on the target polymers and specific processes)

) i Pyrolysis
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M131991 10 MBEeAUNSpLYRINTEUIUANSS WiRaRaananaRnainnneg '

™, Recycling Mechanical Depolymerization Pyrolysis
A « Technology Recycling
PET 3 2
PU 2 3 3
PA 1 3 3
PS 4 3 4
PE 4 1 4
PP 4 1 =

Potential level: 4 = High, 3 = Medium, 2 = Low, 1 =very Low
Highlight = Currently applied technologies

2 Boston Consulting Group (BCG), Solving the circularity challenges in plastics value chain
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anamalulagnisaanisudesfingasuaulasenlynlugnannssunszuiunis
vasUssnAlneagnadtiy

nnanwmelunsuiluwazdnnisiutymnisidasuutasaamaiiennia (Climate Change) Tunany
Uszimeaialan fduussndnauldifaniswauinaznisvunaluladnisandsuianisnaauaznisuaesing
mfuoulaeenlus (Decarbonization Technology) TUUszgndld Inslamzluniagnanvnssunszuiumsiifinigi
wialuladluusuldwas nsusulasunssuiunisudniioannisuaesfensueulaeenles dsnmssndunsaunis

I3

annsUgesigensuaulneenledi wwdmaludauindenisduiiugsia wu duaSuasugiodider wazenseiuda
ANuaTatunMswatulun1sdeannandnugaNgamNSTINTEUIUNT WY gnamnssunatainuasUlngiadl
(Plastic and Petrochemical Industries) qmm%ﬂ‘iiumuau(ﬁ (Automotive Industry) LLasqmm‘Mﬂﬁm%Luuﬁ
(Cement Industry) agnslsfinnu funumsnandudiifisdy enadunansznueauiiAstuld mnfinrsanfeeniu
Fosnslunsasnsddesfineasusulasenlsdunifissedafeilnglifinsmnfsdadofuasugmans deiuudn

msdnnaluladnisanuSunaniswanuaznisuaseingaisusulanesnlen (Decarbonization Technology) 1y

ag9dadu Aosiansaniinsuduynusziau Wy dumeluladimnssy nansenufedIndey wazANANAINI

6
LATHIANENT
nwuste=gu lwus=g=Nnamy Hwus=g=a1d
EnHEUIaUU:HJa Advanced Biomass to Ethanol & Fuel Upgraded pyrolysis oil —co— processing BECCS and BECCU
dHSuus=nAlne h )
with crude oil
Hydrogenated Next Generation of Bioenergy Resource
Vegetable Oil (HvO) Upgraded pyrolysis oil — Stand alone plant
Novel Advanced Biorefinery

Sustainable Aviation Fuel (SAF)

JUT 58 wwmmsiaunalulagnisannisudauaznisudesingisounsyandmiugnaivnssunszuIun1sves

aa
wAluladdauia
lluus:u:é"u lHwUs=g=Naw HWUS=8=81D
inAlulad Solar Power

msHaawavoulwin
dmsuusanalne

—
= Hydropower

wind Power

Nuclear Small Modular Reactor (SMR)
[Year 2037]

JUT 59 wumamaianmalulagnisaanisidnuaynsudesmMuiEounszandmiugnavnssinsEuIUNITVa

walulagnseannaaanuluiin
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N —c =
T wsen BT

inaluladlalasiou Blue Hydrogen
arsuus:inAlng (SMR with CCS)
Blue Hydrogen Pink Hydrogen
(Biomass Gasification with CCS) (Electrolysts Infegrated with Nuclear Energy)

* Public Hearing Requirement
Green Hydrogen
(Electrolysis Infegrated with Renewable Energy)

Turguoise Hydrogen
(Methane Pyrolysis) 31

JUT 60 uumensiannmalulagnisannisudnuagnisidesingiSeunseand miugnamnIsunIzuIUNIVes

welulaglalasau

T owesed L twsen E—TTT———

inalulag Process Optimization Integration . o
msuSuuUsons:uIUMS Advanced/Next-Generation
Process Integration & Intensification
dHsuus:nalng Intensifi n g

From Pre-digital win to Intelligent digital twin

Ansmwosanaluladainace (u smart
1T 3= Generative Al) Suawisnsousiu
HSamsuashanaluladaarasu

JUM 61 uumamsiaumalulagnisanmisudnuaznisudesinuiFeunsyandmivgnavnIsunszUIUNITVRS

wialulagn1susuusanssuIums

[ wussesdu B LWUS:eNaa P s

inAlulad ccus
arsuus:nAlng

Direct Air Caplure

JUN 62 uumensiannmalulanisannisudnuagnisidesineiTeunseand mivgnamnIsuNTEUIUNNTVRS

walulagnissindu nslduselewd waznsinfuineensuaulaeanlas

1] 2025 2030 2050 2065
I wuswdu I wussnaw [ wuseww
1AsugRoHyuSsU 3R: Reuse, Reduce, Recycle
dnsuds:inAlne Mechanical Recycling
Pyrolysis
Depolymerization e d Depol izat
(PET. HDPE) vanced Depolymerization
Advanced Sustainable Materials

JUN 63 wwmemsiaumalulagnsannndauaznisuaesfivizounseandmiugnaIvnssunIzuIUNTYDN

wialulagirsyghanyuiey
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LLN‘LJﬂ’]iYﬂOWLﬁ‘LN’]“LJLﬁEJ‘UiiqL{]W%N’]EJSUENﬂ’]ia@]ﬂ’liﬂﬁl@ﬂﬁuq“lﬁL%EJ‘Uﬂi%f\]ﬂGﬂllL{]’WWM']E’J“UENlJi%LWﬂ Taglusszean

v
o

Hu 3 dumudmnevessamadsd wussozdu 5 U viie maaansUdesfudounszanasiosay 30 - 40 (30
~ 40% GHG Reduction) Tull 2030 mudieuruszazna1e 10 - 20 U e anudunalmiseisueu (Carbon
Neutrality) Tul 2050 wazuwnuszazed 30 - 50 U nie nsUdesiiuseunsyanilueud (Net Zero GHG
Emissions) 1T 2065 FauuamansianmaluladnmsannisndnuaznsUdesfinifeunszandmivgnainnss
nsEuIuns 6 naumAluladfiasnsadendstauiu (Building Blocks) léuA $2aia (FU 58), mIndandaanuy
Tl (gﬂﬁ 59), lalasiau (gﬂﬁ 60), NM3UFUUTINTEUIUNT (gﬂﬁ 61), NM3enTu N1seUselevyd warnisAnAufine
msueulaeenlus (57 62), uay LaswRamuiou (3U1 63) udazmaluladfaumnzauivumuimyealszine
uanseiy desnndesnisusaiuayuuasaamsIaeA Y Wy Aramdoumelulad Fuamu Tassadeiugu

M3aEduAYUIINAIATT Lanvu WagUsyuny

UWUS:EREU UWUSENAN UWUS-EEETD

2025 2030 2035 2040 2045 2050 2055 2060 2065
1 1 1 1 1 1 1

Transport Biofuel ~ovel and Advanced Biomass Technology

H

Clln")

)

Biomass

Ly

1 1 1 1
1 1 1 1
1 1 1 1
Solar Power 1 1 1 1
Hydropower : : : Nuclear Power
wind Power 1 1 1

1 1 1

1 1 1

Electrification

Pink Hydrogen

&

Hydrogen

1
1
1
Process Infegration

Process Infensification
smart lof and Automation

Digital-Twin Technology
Generative Al
- 1 1 1
1 1 1 1
1
1 Pre-combustion Capture

Post-combustion Capfure Carbon ion & Storage: Direct Air Capture (DAC)
Biocenergy with Carbon Copture & Storage

©

Process Improvement

o

CCus

Circular economy

P! ! Py !

30-40% GHG reduction Thailond's Corbon Neutrality Thailand's Net Zero Emission

Circular Economy

&

JUN 64 wumnamsiawinalulagnisaanisidnuaznisudesieiseunszandmsugnaivnssunszuiunisiiie

povauoIlMINEURIUTEINA

TnednanmuazanuduldvesnaluladnsanuSinunisuaniaznsUassineasueulaeenles Tulday
YraszernantmngnisannisuaseingiSaunssanauLaunsALiunuvedlneg LLamﬂuguﬁ 64 ENUSULHUTTEY
&u 5 9 iiemevausadmnenisannisuassfnwiSounszanasdesay 30 — 40 Yu (30 — 40% GHG Reduction)
melud 2030 msldnumaluladfivaesasveumazdeaamnuiugusssunazanundeniiannsadiiunsls

il Faziluguuuuiannsahuldliaedunszuiunsndndulaelifesusuasunssuiunis (Drop In) a0

A5USUA DU DINA NSNS I MaINS s UNaLNUY Lawn waluladPiuraidadu (Sustainable Feedstock) wile
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Jduundadomduazingfuiddnenn uaznisatvayunislidunansliiianisnszanedivenasugialy
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Vitluies Jan UseAvBnim vuin fudl wasdunuignas uiegnslsinig msdnnsenlsanswadvamunegnisly

q U q

o a

nululssinuddgideshunfinsandwasugrsvesinsmsuaulaeenluaiiants

walulagnsifiunaryFuuialssavsnmnszuiuniswdn (Process Improvement) Ntagduiinsaunly
agfiInsglanuazavglliunalulagnidva Wy nsiudssdvsnmniands Msaan1slindsnu uagn1sanves
e Favanewinnssuanunsadudunisldiuiidienisdadulaveanagaannssunaziiunasgadugusssu luidea

FeMTAUAYEANNIATT WU Process Integration wag Process Intensification dnvisuinnssuwmalulaguuudnass

° a

wasloululanfdvia (Digital Twin) ArszuudayaUseiusg (Artificial Intelligence w3 Al) 11UszynAIiU

nszUIUNISNAMI BT LUTEANS AN wazimalulagiaswgianyuieu (Circular Economy %38 CE) Ma131150

a '

wudsuiandeltuazveudenduinliliiinuselovilusuvesingfu (Material) wagndeau (Energy) nauidng

9 Y

nsvuIuMINas Mseindlnelafinmssassilunaisniadiunieliulouie wsugiatnn wiswghanuieu uas

wiswgNadlles (Bio-Circular-Green Economy wie BCG) Fadulunairsugiagnisiauniidduvesszmalng

wisunuilwaluladanduingasveulaesnlaanasnismnlug (Post-Combustion Capture) w3aimalulad
nsanfuArsueuY annsahudssgndldiieannisuassfitgaisveulneenledainmsinlvildsuusseinieala
Wesnlssnuunsussianiinsiimalulagnisanduaisueus wndsuildsusiuiuszuulssnudula wu Tl

fudiu (Coal-Fired Power Plant) Tsslnlsintinsiuuag 1w (Oil-and-Gas-Fired Power Plant) Tsdluifiin&asuminy

a o

£ousau (Combined-Cycle Power Plant) waglsslniinTauaa (Biomass-Fired Power Plant) Tnesagnsuseniia

nsdunalulagnisinduaisueun wlssendldivlsenudteguas Ae ey Toshiba 911n IngUszyndldniu

T59lundsauanuseu (Thermal Power Plant) annfnelewde (Flue Gas)'™ fanalulagnisanduaisusu= o

WJuneenidangudmsulsanuifiegidn uenainil walulagnisdnduaisveun dearsavareieiiu 1y
wialuladfidnsimwsazusuusaneiun Jahbilianuduazanudilailueded wasmnzaudmsunisiily

Uszgndldiugeamnssuawinlvg wu sl wisgslshd mnuimevesnaluladgnisanduasusus s

o =¢

asavateieiu Slidyymdesmidunatesu wu anudeanmiundsulunisiuyasagaiseliundninnig

7

AATUAITUBY N1TLEBNANINNINAINTIUYRIEITATATEeliY tHBIIINNTEUIUNTH U aNTarateLelil (Amine
Regeneration Process) §danasiaUssa@nsamlunisanduaisveuiianas 1afivman1udwindeuiazgunin

o

Wasnaisagatsleliuauisasemeeengusseniels 8nvisansarareeduignidnnseudsdesaidedanig

1 www.global.toshiba/ww/products-solutions/thermal/products-technical-services/zero-emissions.html
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Carbon Capture and Storage) Ingnssruiufwaniveulaeanledfiinannszuiunisndn wazadludnifvly
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anuduldvadasaimssdifiosesfumstnfiuaiueu uidndadenilsiiddayde waluladnssiusiufing
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w¥onduilassnsimalulagnisudandsuinmdemaluladnisdndunasinfiuasueu (Bioenergy with
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Tunnunisszegevessemalnedmsunisdignisuaesfiinseunsyaniduaug (Net Zero GHG
Emissions) melut 2065 gaavinssumandnlulszimazdes3uslagendonsudsuiuresmaluladuazay
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msiaumalulad AuduASIIUAYEANERs wazauTiionnuanenindu WieliAnmudnsasenisidn

IndnsussqudmanenisudesfingSeunszaniugudedisdiusiely

naontnaRILimIUTTamnensaansudnuaznsUdesfnedeunsranavsifugus waluladid
mallduaziAamnuduadensamurssmatonvuiioanmsndnuas msUaesfinedeunsyanegraiugusss
wu waluladmsifiunasfuuseussansnmnszuiunisndn (Process Improvement) imaluladndssmmadeon
MnFunauasndsnunyuiou maluladmundnveuasugRavaudeu (Circular Economy) ansnsaviluldaus
ununsALiunsanmIkanuarUdesfedounsranlusresdu dfunmsieideshowumasiiunulusey
nansuivszere et ardisantends wavatuayunislinineinsededdulugaamnssunissinves
sz Taonssdununsuuntsdidunudengrs meiaunszuunsiilan sudinsihmeluladdugs
unld gy lignaivnssunszuiunsnanveslszmalneaunsnannisdssaveuldegraduszuy iy

UseansnlunisHas ardannasdaiuAUNgI8IusuANNgIguseaulan

WU i EILATE99 1N g UL AN BUNANTDIRNANMN T TN TFUILNITANSUB LS UASavinlH
UszmalnedufihuasimuimealuladdunsanmsndnuasmstdosfeEounsyanegudidu Insdavannisves
Tuia BCG (Bio-Circular-Green) dafumslimsmeinsliinusslonigagn msthiagnduanldlu uaznsaiis
wswgiafiduiinsfuiunadon TuningrannssunssuiunsvesUssialneg wusudassaiiuluimstaniuay
dimaluladaiveusiunlfifieusuussssaniamussnszsuaunis aanslindsnu uazannisudesfiesou
n3zan fensatiuayuanmasguasionsy msduindeugaavnssunszuIunsiidiginsvgismiuoudaztie
Windnaruannsolunisuisiuressemelnglusarslan Snvisdsaonadosiutmnenisimunidures
Ustimauazadsaudunddiitumddniasndaiiduiinsiuaunndenlussduana mnusunudansodiiums
I¥nudeuladildmmualy wu nsfuvsangandouiidodensamulumeluladazein nsliusegelanis
\Wisegna waznsadianusmiliossnineniady naenu wazlssrvy menisatuayuuazaiunisegraduy
szuungldnsoulinng BCG unusuiiidneninlunisidsunuasgramnssunszuaunisvesssmalngagng
w3 wazmndeulvvesiunuldsunisufhedaassada wnfndenadufing Sayiymsliuszmalneussg

WmnenmsuaseieEeunszaniugudldlueuan

76



nsanmsdaesnsusudmiugnamnssunszuumsussmalneasiatuld lifeustladeduam
wionveamnaluladiifomioululdeuluszfugnamnssy wmaluladursUsziandsiesnisnsatvayuain
NAINNAAIAEIU WU NTATVAUEIINNINIATT ANTINTT DA UTENINNNIATEAUAIAAAIMINTTY 5940
magaamnssumeiues liresdunmsaduayunisamu mimﬂ,ﬂsaa%aﬁugmimﬂmudﬁ’mﬁﬂé’wqaLLaz
fmulassaisiugudulinfeudmiviulfrusumalulaaueus nvsnsussaduiusliniausssnau
wWrlauazaseninfaunuimvesnuesiazasiiseulunisannisuaesgaisveu nasnaumsannisudssaisueuly
MAgramNIILarUsTImAiloneuausadminevessanfwFounszanvesUszva laganuviyelazteing

@

voawmalulagndudedfnurazUssnniinanalusienuaud deail

1. %w7a (Biomass)
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1% Bangkok post - https://www.bangkokpost.com/business/general/2827819/federation-of-thai-industries-disappointed-by-new-power-plan
18 Krungthai - https://krungthai.com/Download/economyresources/EconomyResourcesDownload_496PDP.pdf

"7 Krungthai - https://krungthai.com/Download/economyresources/EconomyResourcesDownload_643Research_Note_05_01_64.pdf
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2. mandanasnulnii (Electrification)
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2.2 WANULAIIRY (Solar Energy)
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3. lalasiau (Hydrogen)
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4. m3UsudsansEuIuns (Process Improvement)
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5. msandu nsliusylend wagnisinfiuansueu (Carbon capture, Utilization, and Storages #se CCUS)
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6. \Asugiaveuieu (Circular Economy)
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