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Declaration of consent:
Captured photos and VDO

* |mages from the meeting will be captured for
further record as “photodocument/meeting

memo”

 |f you feel uncomfortable, please let us
Know, we’ll make sure that your photo won’t

e presented in the said document.
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ink before you speak.
Se al omment or
ualised compliments are
mappropnate and a form of
sexual harassment. And no,
it's not “just a joke".
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Leamn to listen when someone Abusing your autharity to
says “| prefer notto...” to a demand sexual favours as a
coffee, a date, or to whatever. condition to getting or

If it's not a "yes”, stop asking. keeping job benefits is wrong.

Staring, |urking, or tauching in
any unwanted way is creepy and
also sexual harassment. It
comes In many forms, up lo,
and including sexual assault.
Don't do it, understood?!
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GIZ does not tolerate any @9}

SAY NOTO SEXUAL form of sexual harassment
HARASSMENT! ONLY YES IS YES!

g I Z i r' 1)0md Conlﬁc: lu g@g z.de g I Z e z gl?(r;:'::zltwllmlgimgv de

uanuUiGA
SHNTAUMST

giz ==



LUEUINTTUTSY




wgUszaRnIsUTEYL

. iefunsiuLay LLaﬂLUaEJu?IE];Jaﬂ’lquEJU’]EJ amumim
LLavmsmtuumumum'ﬁLUaauLLanam‘wmmmﬂ N
Lﬂmmmﬂuamamﬂﬁmm

. Lﬁaﬁ'\Lauamsﬁ'nﬁumuimqms CAPCI wrunnseiniiuay
uazgInsauMImhuRuiimensiulRdougmamns sy
wiingsdunaziluinsioanmgionevesssndlne

. LWBTUNIAMULTAUIINATALDNVURALNUIBITUTLNEITD
Lﬂ‘c’J’Jﬂ‘Uﬂ'iEl‘ULta”LLu’)VI’lﬂuﬂ’li‘{lﬂVI’lLLNuVI‘IJ’I‘VI’Nﬂ’]ﬁ
Jutpdougnannssualindgsdunaziiulinsnoanin
mmmmmﬂsumﬂm saudgusednun nlunIsann Y
LS@ﬂﬂi”ﬁ]ﬂIU@ﬁﬂ’]‘lﬁﬂﬁ’imﬂu mﬂumuﬁuaammmﬂumﬂ
IPPU ANANANIY LaZNIAUBLEe



4 wwe
NaNnA1IRI1zlASU

. NLGZJ’]S’JlI‘Uﬁ YU LATUNTIULAY LLaﬂLUaauﬁuauamquama
amum'ﬁm LLaumﬁmLuumumummﬂawuﬂaqamwmw'mm N
NYIYBINURRAINNTTULAL

. mﬁmsw‘uiuﬁum VLﬂi‘U‘Vli’]‘Uﬂ’MllL‘U‘L!ll’]LLauﬂ’liﬂ’]LuumuIﬂiﬂﬂﬂi
CAPCl uWuN1SANTUITY 1A 3’1<1ﬂ3’e'JUﬂ’1§‘i]ﬂ‘Vl’1LLNu‘VIu’]‘VINﬂTi
°UULﬂaauammmgﬁuLﬂmawuuauLﬂuumsmaamwmmmmm
Uiumwﬂ‘ma 3’33JVI<11?13’33J1WU@?W1L1/W Lay muaawaua’tuma
AMNUANTDUVDILNUNUINNGT 5NN

. Iﬂﬁx‘iﬂ’]i”l VLG]S‘UGUEJllaﬁﬂEJﬂTWiuﬂ’ﬁaﬂﬂﬂ%Li@uﬂiuﬁ]ﬂIUGMﬁ’l‘ViﬂiiﬂJ
LAY msi,umusuaammmﬂumﬂ IPPU AMANSNY LaTNIAUDNLEY
S’JllmLL‘LJ’JVI’N?i’]‘ViiUﬂ’]if’\]ﬂ‘imLLN‘L!‘V]L!’]‘VI’N”I nelalasaniseald

. Lasuaswmmsmuaﬁ WJNﬂ’]ﬂi% N‘Uiuﬂ@‘l,lﬂ’]iﬂ’lﬂl,@ﬂ“tju
a01UUNISANEN LLaumﬂLmaﬁuwmﬁmLuumumumsl,ﬂaaul,maq
AnMnLaIN1ALAEAUSI-UNNGIVDINUYAAIMNTTULAL




AMAUANITUISYL

. ‘L!IEJ‘U’]EJ d01un15a] LLauﬂ’liﬂ’]LU‘UQ’IUQWUﬂ’]'ﬁ
LU@EJ‘L!LL‘lJaﬁﬁﬂ']WﬂlI?J’]ﬂ']ﬂI‘L!UﬁU‘VW]LﬂEJ’J“UENﬂU

9RANMNTTULAL]

. AUdAYLAZAINTINADUNTIVBIRRAmNTTULAL LY
Uszndlne |

- amsnulguigaunsUasukUaIEn N io1n1AYed
Uszalng wazusuniineitesiugnainssuall

« NANUlEUIAIUNITHALINAINUVBIUENA NG 1Ay
USUNTIAEIT0INURRAIMNTTULAL

- UlgUIBLaENITTULARRUNINTNITANNIYLTOUNTEAN
AAYRAINNTT

» N3ALEUIIUlATINTT CAPCI Tudiuvesussinalneg

« 1A53715 CAPCI azAUIINLDNIIBINITLINDANNY
150UNTLINIINGAAINTTULAL

. LLN‘L!ﬂ’]iﬂ’]Luu\‘i’mLLaui’NﬂiaUﬂ’]'ﬁﬁ]ﬂW]LLN‘L!‘V]‘L!’]
memstuinieuanavinssuadl idediuuasduingse
ﬁﬂ’]WQﬁJE]’]ﬂ’IWUENinLVIﬁVLVIEJ

N55¥ANANDINFULBY
UNAUDNANITIZAUAUDY
ayuwanisuseyu

e LUIMNNSANEUNISHD LY

SUUTENIUBISNAN9IU 60 U

NWASUUTENIUDINITINE ASIAE 15-20 UNNFBASS
(L¥1/Un8)



d3unIngIu
mﬂmmummmsaﬂmLﬁzmauﬂs U




Production

Adipic Acid '

Production

- -

(2B4)

b | YINULIRN
nAalula?

(2B5) [
Carbide
Production

(2B6) -
Titanium Dioxide
Production




VUAAINVIIULANS AN eINY

AULBULENTBIgRAINITUIATINUAElanTauluszaUTa




6[umsﬁmmuwuﬁ1jwmqﬁ
MU AUANSUDNAINNTIULAL
LUUASUBURUBIUSZINALNE

muﬂﬂfa'ﬂuuwumumw

asAlefedslainniian?




idanasus:usu

CAPCI

UuILa1dSAUI SNYAsENaA

(J9IUDUNISNDVUSHISIANISIANSUASIY

v Vv Vv
v Vv Vv
v Vv Vv

W N W

02 ©



ﬁ']’iﬂ']ﬂmﬁ]']ﬂNEJ']U’JEJﬂ']’iﬂEJ\‘IU’i%Tﬁ*’\]ﬂﬂ?’i’)ﬁﬂ@u{ﬂ’ﬁ‘EJ

aﬂqmigﬂﬁau Lay Naﬂi‘”‘ifluf\ﬂﬂﬂ’]'il,ﬂaﬁluLLUa\‘lﬂﬂ’lWﬂﬂJa’m’lﬂ PR A IRTRN955T UV ReN 6 AU UL
sussulunnasiniavaalan
‘i%‘U’]ﬁi‘Vlﬂimﬂﬂﬁﬂuﬂ’lﬂmiﬂﬁlvlﬂm%umLU’]‘VI&JWEJﬂ’]‘iaﬂﬂ’]“UL'i’e]Uﬂi‘”f\]ﬂGU@QUS”L‘Vlﬂ‘i/lia‘c’Ja‘“ 30-40 nelut) w.A.
2573 mamwmﬂuﬂmamqmiuau Aelul w.q.2593 LLauUaﬁJ‘c’Jﬂ’l%L’iEJ‘IJﬂ’iw’dﬂﬁ‘VlﬁLUUﬁUEJ nelul w.a@.
2608

ﬂ'saf['swuamamﬂﬁim'svmfmamammsu uuwmwmﬂm‘lumswLﬂaauuismfmmuﬂmﬂawuﬂaqamw
ﬂll’é]’lﬂ’lﬁ?JENﬂ'lﬂ’e’JM’ﬁ’]‘wﬂ’i’iﬂﬂﬂﬂLQW%R]’]ﬂﬂ’iu‘U’Jum'i‘Vl’lﬁaG]m‘I/‘iﬂ'i'iﬂJLLauﬂ’]’ﬂGUNaGmme?/l’i’mﬂ\‘iﬂ’l’iﬁ]ﬂﬂ’l’iwaﬂﬁ']ul,l,au
mamadumcaama'mmﬁu |

amafmﬂsimﬂuLﬂuamafmmﬁmuwmmﬁw UABTEUULATEENYBIUTEINA Luaammﬂuamamﬂﬁiuwu%m
ﬁ’]%'ﬁU@Mﬁ’]‘iﬁﬂSSﬂmaLU@Q‘M@’]EJ‘LJS‘”Lﬂ‘V]

ﬂ’lSﬂﬂU’L’iuﬂUIaﬂWU’ﬂaGlﬂﬂ‘l/iﬂ'ﬁ'iﬂJLmJLLauUIWiLﬂiJ 1N151Na1U AT udnd1us auazAuveInIud 99Ny
WamumuaﬂmmaﬂaﬂLLaung'ﬁUaastemauﬂﬁuaﬂ Usunauunnnin 2,000 atusuaisuaulesenlen lae
AANSaIINREiinsUassNITuNnn @i Aelud we. 2573
mﬂﬁuamaummmﬁﬂaaamszﬂ,'ﬁauﬂsuaaﬂﬁuamﬁumﬁimiumﬂmumumiamamﬂﬁuLLaumﬂﬁuwamﬂm%
(IPPU) U . A. 2562 sznJmJmaﬂmﬂ'ﬁ'ﬁflamumamﬁvmmvlmawmwamammﬁummmiﬂaaammﬁauﬂivaﬂ
USunew 13 a1UAUAISUBU™ ﬂmﬂummuﬂﬁumgﬁasau 35 Guaaﬂfrﬁﬂaaamwmiuﬂ'm IPPU
ﬂimismuammmﬁﬁﬂmLaamummmﬂmmmmﬂ'ﬁvLﬂuﬂmmmimasJuLLUmamwmmmmavmmmﬂm
maaammmﬁmﬂmﬂmamu ammmmaamuaumwﬂsumﬂsuaqL&Ja'ﬁuu (GI2) Tunsaniiulasenis CAPCI
Iﬂeﬂ,mum'ﬁauuauuwﬂ'ﬁwmmaﬂﬂguwusmmﬁu'ﬁ%L&Jaiuuma&mﬁuﬂug]ﬂamwmﬁmLuum'ﬁamammﬁm
mmmsuLLavUﬂUaaamwmmmﬂmLmlumummﬂﬁvmuﬂﬁwam maammmﬂeﬁmammmammmﬁu



ABUTURIU1TINUTEY

115.982113 YIR
{9IUIUNITLATING
9ANSANINSIUN DYDY B5IU Uszaruseind lng



D1ENTNTIUAY
Group Photo




I




9399 1 ULgUIY @D1UNTISAL LAZAITANHUIIU
ﬂ’mﬂ’]SL‘UaEJuLL‘UaQﬁﬂ’l‘WﬂﬂJ@’]ﬂ’]ﬁ Tuuw‘m‘m
LﬂEJ’JGUENﬂU’e)G\ﬂ’WiﬂﬁﬂJLﬂM




ANAIAILAZATNTINENTUNITAIVD
ammunssummuﬂsvmﬁlm

Iﬂ‘c’J ﬂmLaamﬂﬂ NEUAUITUNS
%ﬂ'iﬂ‘ls"]ﬂﬁﬂ’e)ﬁ]ﬂ’]‘lﬁﬂ'ﬁ'imﬂu ﬁﬂ’]@ﬁ]ﬂ’]‘lﬁﬂﬁﬁllLL‘VN‘LJiuLVIﬂVLVIEJ
LLau‘Uﬁuﬁ’]uﬂaﬁJ Responsible Care® mmmammwwma‘u



2\ E
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Advisor, Chemical Industry Club, The Federation of Thai Industries (CIC, FTI)

Chairman, Responsible Care Management Committee of Thailand (RCMCT)

20 September 2023, Rembrandt Hotel & Suites Bangkok

L
= _—= EEessaess— e o0 CEETEE



Global Chemical Industry Insight
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World chemicals sales (2021, €4,026 billion)

Rest of Europe®
EU27 /
167

China

:

USA A
{Soum Korea
104 _
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o 47 Fialigstof Ada™
Latin America \ Africa
82
*\ Rest of the worid
Source: C2he Chemdsta intemizhoral

*Rest of Europe covers UK. Switoerland, Norwary, Turkey, Fussiz and Ulsine
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Chemical Sales by Region (2011-2021)
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Source: 2023 Facts And Figures Of The European Chemical Industry, CEFIC web site and, graph additionally generated by the Presenter




Global Chemical Industry and Customer Sectors
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Catalyzing Growth and
Addressing Our World's
Sustainability Challenges
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Catalyzing Growth and Addressing
Our World's Sustainability Challenges
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Customer sectors of the global chemical industry (excl. chemical manufacturers)

Other

Rubber and plastics products

Textiles, textile products, leather and footwear
Construction

Computer, electronic and optical equipment

Pulp, paper, paper products, printing and publishing
Basic metals

Other non-metallic mineral products

Electrical machinery and apparatus, nec

Food products, beverages and tobacco

Coke, refined petroleum products and nuclear fuel
Manufacturing nec; recycling

Motor vehicles, trailers and semi-trailers
Fabricated metal products

Machinery and equipment, nec

Other manufacturing

Health and social work, 15.4%
r Agriculture, forestry and fishing, 9.4%
= — 42.2%

17.3%
5.3%
5.1% Services, 8.6%
3.9% R&D and other business activities, 3.2%
3.8% Mining and utilities, 3.2%
3.0% Wholesale and retail trade; repairs, 2.1%
2.6%
2.6%
2.4%
24%
2.1%
2.1%
1.6%
1.6%
2.3%

Source: https://www.oxfordeconomics.com/resource/the-global-chemical-industry-catalyzing-growth-and-addressing-our-world-sustainability-challenges/




Top TEN Emerging
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IUPAC Top Ten Emerging —
Technologies in Chemistry 2022 INTERNATONAL UNION OF

PLRE AND APPUED CHEMSTRY

23
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Sodium batteries Nanozymes Aerogels Fluorescent sensors Solar fuals
P
.‘ "N
Nanoparticle Fibre-based Textile displays Rational vaccines VR-enabled
megalibraries batteries with SNA modelling

#UPACTop2022

Source: https://iupac.org/what-we-do/top-ten/
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IUPAC Top Ten Emerging 58]
Technologies in Chemistry 2021 INTERNATIONAL LNON OF
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Blockchain Semisynthetic life  Superwettability Artificial humus RNA synthesis
Sonochemical Chemo- Sustainable Targeted protein Single-cell
coating luminescence ammonia degradation metabolomics




Opportunities

Opportunities and Threats in Chemical Industry

'

S,

Stronger linking of process steps and
production sites through digital technologies

Further development of product-based
business models through digital services (e.g.,
in agrochemicals)

Greater local production depth through
digitalisation

Policy-driven demand boom in the construction
and automotive sectors

Technological leadership in green hydrogen,
resource-efficient and sustainable production
processes, the bioeconomy, and the circular
economy

Increasing world market demand

Expansion of local value chains through
protectionism and decoupling

Source: https://www.oxfordeconomics.com/wp-
content/uploads/2023/08/Oxford-Economics-Chemical-Industry-2030.pdf

Fast-growing Asian emerging markets such as
China becoming net exporters of high value-
added speciality chemicals

High regulatory density

High planning uncertainty with regards to the
future regulatory framework

Migration of production closer to renewable
energy sources (green leakage)

Forward integration of value chains in regions
with cheaper raw materials (USA, China, Middle
East)

Increasing innovation by international
competitors

Increasing shortage of skilled workers
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ASEAN Countries: Chemical Import (by Value) 1988 - 2021 in USD Thousand
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ASEAN & Thailand’s Chemical Export FTrYy g
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ASEAN Countries: Chemical Export (by Value) 1988 - 2021 in USD Thousand
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Thailand: Chemical Import and Export 1988-2021 in USD Thousand
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The Road to Net Zero e e
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Indicators | Recent years 2050 %
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electricity 25 % 90
generation
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3
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PV additions . .
Annual wind 115 GWryr 4 248 GYifyr
energy
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5
Investment 03 LSD
needs for RE trillionfyr ]. UsD
generation _ trilliondyr
Energy 11)
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. LSty
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electricity in
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*
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electric cars
on the road
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for charging
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of EV's

13)

2 USD billionfyr

21

Clean hydrogen
production

0.8m 1®
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needs for clean
hydrogen
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17)

Clean
hydrogen
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industry

CCS

to abate
emissions in
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18)

19)
GtCO0z captured/yr
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BECCS and
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industry
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Key Policies in Energy Plan from Several Countries Carbon
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CO, emission scenarios to achieve Carbon Neutrality 2050 under LT-LEDS*
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=] 200 . =
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§ s CO, emission
250 .
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-150 S

iy B 030 2025 3030 2035 2040 2045 E 100

Viasta 020 026 024 0.24 0.4 .22 .20 E
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Energy 2IT.00 245,56 25744 224.00 196,59 164,30 1H.60 2550 o
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Metemission 17865 179,64 187,50 146,80 110,60 Ta.70 38,77 0.00 -50

Yeal

*Data from the NDC public hearing (revised 2022) Office of Natural Resources and Envirenmental Policy and Planning (ONEP) 9



rilnsagaalkuvavlan Giu Climate Change

a1nc'iuﬁﬁwmswé‘uulwaoamwn‘_ﬁmmrl (Climate Change Performance Index - CCPI)
{u¥ 2022 Tlagus:1durIUu 4 DA AD GHG emissions / Renewable energy/ Energy use/ Climate

policy Us:inaAlngagdidui 42 910 63 Us:anaAftdrsumisus:ibu Sogadaaglunguus:ina
AngniwrAaudivd (Lower Performer)

CCPI Thailand
Components of the CCPI
Renewable Energy
63
¥
International Climate Policy ——— Current Level of GHG Emissions Ra“k" 47/ 6 3
per Capita 50
Mational Climate Policy e Past Trend of GHG Emissions 10
: per Capita
TPES/Capita 2030 Target 0
compared to a well-below-2"C f | 40%
compatible pathway B cHG Current Level of GHG Emissions 0
Current Level of TPES/Capita 20% . FEmissions i s Do
compared to a well-below-2°C Energy RIS R e 10
compatible pathway I Use  20% /
Past Trend of TPES/Capi — el ¢ : Climate Policy . b Energy Use
ast Trend o apita o Energy 10% 4 GHG Emissions Reduction
2030 Target compared to a well- Rank: 41/63 Ra I"Ik. 31/63
Current Level of Energy Use below-2°C compatible pathway

(TPES/Capita)

Renewable Energy 2030 Target compared ' | : g Current Share of Renewables per TPES
to a well-below-2°C compatible pathway ‘

Current Share of Renewables per TPES compared Development of Energy Supply
to a8 well-below-2°C compatible pathway from Renewable Energy Sources

Rank: 32/63

HG = house Gases | TPES = Tatal Primary Iy @ Germanwatoh 2020
GHG = Greenhouse Gase ES = Tatal Primary Energy Supply ki GHG Ermission

Source: https://ccpiorg/ 10
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'H‘Isfinn‘lswé'o\)‘luurioaummﬁaussz!lthuuw Carbon Neutrality

Smart Infrastructure

aOI'IUﬂ'ISWCUUﬂFlS\)EIS'IOWUU'IUH'I\JWHO\ﬂu la: [HSOHSTOWUUTUO'IUS UUEIBEHS[IEL
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Market & Price Structure

Usulasvasivaaraua:zlasvasivsia (KaiwisanaaulonduoavnmsiGoiutsaowavoiu
NSzNYAUY waza:NoucianistihitnalulagsuuuulKuIgNsOuUSKIsvanIsiuaaawavou

Law & Regulation

JUsunnHuiguazs:1igucinua sovsunisavtlasuaaramswaaua=(@wavoiu
niutnalulagmsuaucdiua:inaluladns:=oaaud
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UWUWavVIUB1Q (National Energy Plan: NEP)

*awy. 1io3ui 4 SomAu 2564 [GWosauRusoU
nsavunuwavviusd lasdiwhHrugaduauulRds:inalneaivisa
Hodgwavviua:araua:aanisyaalans

fsmsuaulasanlsdansilugud (Carbon Neutrality)

J 8
X 2'-1 3

8

NWUWANIUBIA
R Natlonal Energy Plan

= (T_
¢

;_.Z 2\ GAS
Policy Direction .o National Energy Plan PLAN ‘
1 = 3 8 Carbon Neutrality

u'n rml rm. i mn .l

| EV 30@30 EE>30%  {}} 4DIE
S | —— 0 & = DIGITALIZATION in the year 2050
iy el DECARBONIZATION
T G ELECTRIFICATION
— DECENTRALIZATION [=
= bt @ - DE-REGULATION

13



HWUWavVIUB1Q (National Energy Plan: NEP)

uwuRiIMOFBITKNgUDYUNUWADVIUBE

o - — —» dvuiasumsiWudadu RE s:Au Grid Scale / Community / Consumer

RE>50% & ESS

e - —= = > ulsng/lasvasrowugriumsdolasumsnaaua:msisorusudalwwh

EV 3030

w [ | L | il | | [ ] _— -_— L ] [ |
e - - — » Wanssuauulsvigua:inaluladgdviasuds:ansmwmsiswavviu

EE >30%

o - - — » ulsvnemswaiui Grid Flexibility ua:maswajuis:uu Smart grid

4D1E

Carbon Neutrality 2050
14



asaianuwavviuna:ulsnsaduauunmisyjvd Energy Transition

amunsauwavoiu
msl RE Andaluds:ina uas Judusugudiwihazau Nuouamiidaus:dIWwwn ru 1ldau wauniau 2023
mstwuUs:ansmwmsiswavviu fu 1OdU waumAU 2023

- amidaus:lwwh : 1,482 amii

E 1 ) - Domestic RE @2022:132% 5 -BEV : 65337 Car

A - E1@2022:7.72 ' - PHEV: 47,543 Car € - H2919Us:): 4,628 HO9W
1 (base year 2010) Source: Department of Land Transport Source: EYAT

msdulpdauulaviodiumsiasurituwaoviu “ R

Utility Green Tariff (UGT)

“ awu. TuGiHusavuudnwlasvaswaasiAlwWivnovan UTG 2 SUNUU US:NdUGIE Decarbonized Technology

/ﬂ_.i

s
et . Hydrogen
(1) UTG with Unspecified source (UTG1) = Normal electricity bill (including Ft) * Premium - o -
(2) UTG with Specified source (UTG2) = Fixed Rate (Wholesale) + Variable Rate (Wholesale)  NSNSOWAIUMIUUMSANNUUDMOMS

waaua=msious:leviilalasiou wadamunums
wasunmsaviasuwavoulalasiou

' \ ? Natural gas Liberalization vavUs:inAlng
r - aw. liudiIRusaunudMudviasumsuvoduluiomsiusssusdis=e: 2 e CCS/CCUS
! | | ua:andunanduliiia Shippers s16lHU nAs:ns>owavLUGITUMSANNANEMW
- L . - . . msanduuazAnLiu Co, wSaunoaidums
“ -_.ll'.laq_uuun'l:fu?ulumltg'mmlm LNG IHAU Shipper 91Udu 8 s18 IasomsthsavakSuMSIS=UU CCS/CCUS
Iwai1somsuvvduiuaana
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MORE RESILIENCE

gns:auligwANULUAYNIVWAYVIUALINAIINMISTaKIWavvIUlEIWgoWD D
msidwaoviu lasmsiwu “AUSaHEUTDVS:UUWAVVIU (Energy Resilience)”

MORE OPPORTUNITY

“uwudaanuammsalumsudodumawavoiu”diumsnandunodoulovie nfns:108u
ua:nNHUIe wSdunowasus:uudnAandadanisavnuAAwavviu

gns:dus:uuwavvugadiudvdududoudadau “wanlaumwanuaiwavorulugasodiden

Ruslan” Inamsaiola§umslz‘s‘u‘s’auw§oo1nwé‘oo1unnunu uﬁaanmsUaiaa

msaisuaulasanlsauavniawavoiu =
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Vision
(Energy Transition to Low Carbon Society)
_hHng Target : UsthaumsUaaonisuaudinanmawaoviuanan
Ras=ay KPI & Target value: UstnaumisUdaasmusaisuaulasanlysad (Co,) ;mamawavviuaaaviiiiagniisasa: 30 melull w.a. 2580

Gilorisunul w.a. 2558)

MORE Green

MORE Opportunity

MORE Resilience

dotiSanan/dnthHune@2580
(1) dodbumsIaHNGTHAWED
woataaoav */dadoulliinusae
& X UDOWADIIUTUGU
(2)ilAsvaswWuguansn
SDUSUMSKRAOWADVLDIN
warwavmsuauchladou *

/RE Integation IWUSD8Ia: XX
(3) amumwmswivoulufiams
wavou*/Doanasa-tnelwih
1GaIwav RE

GG 0T WWE/Enil 2580
{1) AUatiesmMwuao
s=uulwih / LOLE <0.7 5u/U
(2) symnlwilusssuda
nnmMASU /xx

4-——*

chE3aHan/ANthHLNe@2580

(1) FadoumsIaHEoIWED
waataanav */ daduluiiu
SD8la: xx UDuwaoonududu
(2) anumwmsudoduiu
flamswaoou* / Doaa
Wholesale Market

gsasuw/AlthHLNeE 2580

(1) Aufishmsunnalulad
CCs, CCUs, BECCS unisluma
waouu / Dnmsadumsaioto
s=UU CCS , CCUS ua: BECCS lu
ownruusgoenuioe 1lasoms

Keay Policy for Gas Plan

oo Oil Plan
cotiSandn/dnthHune@2580

(1) amumwmsudotulufionms
waoviu*/ 1500 < HHI < 2500

S0 uwWn:/FthHLNB@2580
(1 symmaanrunUlosideu
1lusssudannmAgu / xx

(2) Sunurus=3lwithuuu
Fast Charge ans1SfU-LWUDU /
b

Kay Policy for Oil Plan

do3anan/FuthHLNe@2580
(1) dogbumsYasnbawwan
waaBaaoav */ dadbulliviu
5083 XX UDUWaoouduau

(2) dadumsldwavounaunu
finaoluus=inmwudiu*/ Tidae
ninSoea- 30

G0 UWE/AMTHLNEE2580

doSandn/fnthKNe@2580
(1) iownduvaomsidwaooiu
duaameaaad* / El aoavlli
UneninSoua: 35

G WWE/AthHLNE@E2580
(1) AWALHMMSANOUMS
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iasumsavnulussnolHu (New Business) lumawdovu

msavnuiussiaixu

«  nduUlasiabua:Ulasialivugo

E naulsonauu:)mw
. walwaommnmuuouu (Sustainable Aviation Fuel: SAF)

.+ thiudisadomwadoinsi:H (Biodiesel Hydrogenated Diesel : BHD)
. dwukdauUavlWWhdrnw (Bio Transformer Oil)

» waraanB>aw (Bioplastics)

awsanau
lasvaswwuau
mnlulaudoouuaq’lus :quiugovuld

aoanasvnulthHgs:auaina

1
2
3
4. naasunnwaalds:duidovmsvavaana
5
6 gvilguivduluaaraidusiv

AU : White paper Untdauduu:idoulguigiwadviasumsaonussnolHu [ag sw. ua: ww.
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iasumsavnuiussnolHu (New Business) lumawaovu

Us:losuinmaia:lasu
1. DadvAu _
msHuhgNanaamemstavasitainii 3,800 aruvin/vU

2. UﬂlﬂSUUﬂD
mnmsaonuInunsoomssnoUInsmuua-i]lnsmuuuqo iowavormasudviu
ua:uhusvaudaviwwadonaw sou 64,900 aruuin

waus:losdd uiwulus:uuiasugiivagwliog 100,000 Suvin/U

3. DGdvudadosuy

msld SAF a:dwaa CO, lumamisula 0.34 ahuduco,
gous:nalnga:dovdniumsmuiasmsmaUYAULDY ICAO doudd 2570 10uduly
thunbouvaviwihdomw drsaannudsodomsiiadndnsianuiludasdadoudadou

— . - - - ¥ - = '
AU : White paper UatdauauuztdoulguigiwadaolasunisavnussnolHu lag sw. a: ww. 20
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G EppoThailand

“National Energy Plan..An Important Step in the Energy Transition”

Thank you for your attention
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CLIMATE ACTION PROGRAMME FOR THE CHEMICAL INDUSTRY (CAPCI)



AMNSUNSUdRsAYISauUNsSZanUaUsedalne U w.4. 2562

Waste
16,876.64 GgCO,eq
4.53%

v

56,766.32 GgCO,eq
15.23% a

Industrial >
Processes and
Product Use
38,301.21 GgCO,eq
10.28%

372,716.86
GgCO,eq
(2019)

60,772.69 GgCO,eq
69.96% y
141: BUR4/ONEP

Total GHG emissions by sector (exclude LULUCF) 2019

U NW.A. 2562 (A.A. 2019) Lﬂuﬂaﬁﬁﬂ‘mﬂi‘”LVI?IVL‘VIEJ&Jﬂ’]ii]ﬂ‘l/l’]UﬂJ‘Uﬂ’]eﬁLiE]Uﬂ'i‘”ﬁ]ﬂ L‘WE]US“ﬂE]Uﬂ’ﬁi’]EN'm BUR4 ANUUaNHUAYDY
UNFCCC -- WUﬂ']’iUﬂE)EJﬂ’]“Ulﬁ@‘IJﬂ’iuﬁ]ﬂ IMIu372.7 mumumiuauvl,ﬂaaﬂvlfm Tadsaunatnldinaynnslauselovifiag (LULUCF)

mﬂ‘U'szJLLaumﬂ"uU'iuIa‘uumu umiﬂﬂLﬂULLaumﬂaU 77U 91.99 dusuasuaulpeanlan => umﬁﬂaaammiaumv%ﬂam
977U 280.7 a1UA U



da1uni1saln1suasuniwisaunszan A1A IPPU U W.6. 2562

2B Chemical Industry
13,243.74 GgC0,eq
34.58%

2C Metal Production
339.68 GgCO,eq
' 0.89%
<4 2D Non-Energy Products from Fuels
and Solvent Use
| 284.67 GgCO,eq
| 0.74%

38,301.21
GgCO,eq

| "W 2F Product Uses as Substitutes for
‘ Ozone Depleting Substances
/ 4,953 GgCO,eq
f 12.93%

A
2A Mineral Industry N - 2G Other Product Manufacture and Use
19,392.59 GgCO,eq 86.60 GgCO,eq

50.63% 0.23%

#37: BUR4/ONEP
GHG emissions in Industrial Process and Product Use (IPPU) sector 2019

& U N.A. 2562 NUuN15Ua8N 195 aUNTZANNINUARINAA IPPU U%mm 38.3 a1UALY (ﬁmi‘]u 10.28% mamwsﬂéaaﬁmmﬂuﬂiumﬂ)
o ﬂauamaﬂwﬂiﬁuaiawu/%Luum (2A) um'sﬂaaamezﬂ,sauﬂiuaﬂmﬂwaﬂ Usueu 19.39 ATUAU 'saqa\mma ﬂamammwm'ﬁmﬂu (2B)
USHna 13.24 a1usius LLauﬂauammwﬂﬁuLmawﬁummmauLﬂsaqmmmL&Ju (2F) USunau 4.95 81UEUY SIugIeu
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Pa

N15YULARDUNITANNIYLTOUNTLIN
ﬁ']"U']ﬂi”U’JUﬂ'ﬁVﬂx‘i@ﬁﬁ’]‘Viﬂﬁ'ﬁJLLa‘”ﬂ'ﬁi"UNaﬁﬂm‘?ﬂ (IPPU) 3’J§JQQU’]Lﬁ§J@ﬁﬁTﬁﬂ33M

UIASN15N 1 Nﬂﬁ]iﬂ']i‘l/lﬂLWIu‘iJUULﬁﬂ
0.85 Mt- CO,eq

B nsldTaanaunuyudalunssuiuns
nanyudiudlalasin (0.75 Mt- CO,eq)

A nslédannaunuyudiuudlunaunin
WENLESY (0.10 Mt- CO,eq)

UINSNIN 2 WINTNISNANU/USUABUEANS

Aadu 0.4 Mt- CO,eq

7 nsuSulasuansvinanudu anela
1A539115 RAC NAMA (0.30 Mt- CO,eq)

B N15A130NA8VLTBRAZENTINAULETY
Nidouanmeg199nIs (0.10 Mt- COeq)

UINTNISA 3 UINTNITNITIANITUNEY

gna11nIIU 1.00 Mt- Cozeq

& WRSMSIRNNSHEARMETIn NN ILEY
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LUINNYNTLAUNITARNIYITOUNTEINANYAAWINTTU (1A [PPU, WU LazYadlde)

Circular economy

aims at reusing and recycling resources

Green economy

determines to keep economy,
society and the environment in
balance, leading to sustainable

development

Bioceconomy

involves the production of renewable
biological resources and the
conversion of these resources

into value added products

SF&

RECOVERY

Green Industry

Nns:NsoVYaaAIHNSSY

ECO
INDUSTRIAL
TOWN

' NACAG :iric
il Climate Action Group
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CLIMATE ACTION PROGRAMME FOR THE CHEMICAL INDUSTRY (CAPCI)




Climate Action Programme for the Chemical Industry

- CAPCI

Project
focus:

CAPCI provides information, knowledge, training and advice for tapping the
significant potentials of the chemical industry for climate protection

] Challenge
Elg[E e
"'"f": \-': * Chemical / petrochemical industries account for 10% of world’s final
I ";' "] energy demand and 7,4% of global GHG emissions
[] et

» Total GHG emissions of the chemical industry might more than double
from 2,092 million T CO,,, in 2005 to 4,507 million T CO,,, by 2030

* “Hidden climate hero”: The chemical industry can act as a key enabler
for the decarbonization of many other industries.

* >95 % of all other industries use chemicals and chemical products

Key Elements of CAPCI Approach

v" Webinars and_ knowledge platform with best practices on the nexus
chemistry — climate change

v National stakeholder dialogues, comprehensive training programmes
v" Close cooperation with the chemical industry (ICCA, associations)
v Action-oriented capacity building, advice, knowledge transfer

RESPONSIBLE CLIMATE PARTNERSHIPS
12 CONSUMPTION 1 ACTION 1 FORTHE GOALS
ANDPRODUCTION

DECENT WORK AND
ECONOMIC GROWTH

SUSTAINABLE
DEVELOPMENT

GOALS

71SCs

Fact & Figures

BMUV (IKI)

* Global project with focus
on 3 - 5 countries in
Africa, Asia and Latin
America

&
D

« 03/2021 — 02/2024

Main Impact

Awareness creation, information
and best practices on climate
protection in the production and
use of chemicals

Public — private dialogues
mitigation roadmaps in the
chemical industry

Targeted capacity
climate action in t
industry

giz



Climate Action Programme for the Chemical Industry - CAPCI

: = ety "‘m

CAPCI’s Offers in Phase li

.. Advisory support and
Study visit
Seminars, workshops and ? §§§E@ y * knowledge transfer
dialogues for decision-

makers and high-level \ /

professionals,
In-country trainings — ——————@ %
® Knowledge sharing and webinars
,..l Ol X |=
Y/ I
Training of trainers

xX|=|0

Access to Knowledge Base on sustainable chemistry
and climate change — 80 Best practices



CAPCI Thailand — Current National Partners

S\ﬂSU rSQD’IUQCIa"IKﬂSSU
%)) DEPARTMENT OF INDUSTRIAL WORKS

Policy development — IPPU focal point

D

a.ﬂﬂqﬂaﬁwnssuuﬁeﬂsmwﬁ‘l‘nﬂ
The Federation of Thai Industries

Chemical club, KM platform for
membership, Linkage to industry

N ) Jr) CDM/CFO methodological

experts, On-line courses/
- 1060 Learning center

Department of Alternative
Energy Development and Efficiency
MINISTRY OF ENERGY

Good practices and advisory on energy efficiency
(EE)

ekl .
o sy,
o %

: ”"s:; Industrial Estate Authority of Thailand
E Development and operation of
& industrial estates/chemical parks

& )
"arg .t\u"r\—\lo‘?‘“‘l

= JGSEE 1 Chula

The laint graduate School of Energy and Envircnmenit cn‘—; Chula[ongkorn Unwermty

Academic services/Research &% HSM

Capacity Development ‘;’/)?PERDO



CAPCI Thailand - main components

Overall objective (Outcome)

Stakeholders (public-private) set goals and design measures to reduce greenhouse gas
emissions from the chemical industry which is in-line with the national context and
policies.

Output 1: National roadmap on low-carbon chemical industry
« Draft national roadmap developed and ready to table to the National Climate Change Committee
by Jan 2024

Output2: In-country trainings (SMEs/Large industry)

« Two training courses developed and implemented by Jan 2024

Output 3: Knowledge exchange

« Concept for CAPCI X Thailand Responsible Care® webinar developed and implemented by Jan
2024
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Introductory remarks

Dr. Detlef Schreiber
Head of CAPCI, GIZ Germany
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Climate Action Programme for the Chemical Industry 71SC5
(CAPCI)

Fact & Figures

Project CAPCI provides information, knowledge, training and advice for tapping the significant
idea: potentials of the chemical industry for climate protection
IZs0 - BMUV (IKI)
Challenge
E.. o * Chemical/ petrochemical industries account for 10% of world’s @ Srllozral pr:,?Jr?Ctévr:thnfocﬁz
FA&{E final energy demand and 7.4 % of global GHG emissions (IPCC, \reentina, lahana a
rf-m- N 2022) Thalland (Peru and
lf:'?"' 3 Vietnam)
E . * In 2005, total GHG emissions of the chemical industry amounted
B, Coar to 2,092 million T CO,,, and might be more than double to 4,507 @ . 03/2021 — 02/2024

million T CO,,, by 2030 in a Business-as-Usual Scenario

Key Elements of CAPCI Approach Main Partners
Objective: Capacity Building on Chemistry and Climate Change * International Council of
_ _ _ _ Chemical Associations (ICCA)
* Information and awareness creation: Webinars & side events, « UN Climate Secretariat
knowledge base, publications & factsheets, stakeholder dialogues, «  Ministries of Environment
« Comprehensive training programmes, ToT in Chemistry and climate * Associations of the (chemical) industry
change, Short course, country-specific trainings » Academia

» Action-oriented capacity building, advice and knowledge transfer

RESPONSIBLE CLIMATE PARTNERSHIPS
1 CONSUMPTION 1 ACTION 17 Fviceons
ANDPRODUCTION

giz

SUSTAINABLE 8 Eeovowoeouy
DEVELOPMENT

GOALS




change relative the base year direct GHG emissions

Schematic pathway toward climate-neutrality in the industry (IPCC, 2022) @C3

200%

150%
100%
emissions free electriaty and heat
= energy efficency
$0% » fuel swatching and electrification of high temperature heat
M feedstock svatching
®matenal efficiency
©cawcular material flows and waste reduction
| carbon capture and use (CCU) and storage (CCS)
short to medium term medium to long-term
=S base year time

Source: IPCC Sixth Assessment Report —ARG6 Final Draft



Thank you all and much success!
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Greenhouse gas source and sink

categories

CO; emissions

GgCOzeq

CO; removals

GgCOzeq

Gg

GHG Emission from IPPU sector

CH,
GgCOzeq

Gg

N N,
S
S

N,O
GgCOo,

2. Industrial Processes and Product Use 32,381.94 14.70 367.60 | 1.72 | 511.14
2A Mineral Industry 19,392.59 NE NE | NO NO
2A1 Cement Production 18,465.04 NE NE NO NO
2A2 Lime Production 117.07 NE NE NO NO
2A3 Glass Production 263.92 NE NE NO NO
2A4b Other Uses of Soda Ash 104.50 NE NE NO NO
Ada Uthe 447 06 \ I\ N N

2B Chemical Industry 12,365.00 14.70

2B2 Nitric Acid Production

NO

2B4 Caprolactam Production

NO

2B8b Ethylene

10,981.87

2B8c Ethylene Dichloride and Vinyl
Chloride Monomer

226.37

2B8e Acrylontrile

2C Metal Production

181.02

339.68

2C1 Iron and Steel Production 339.68 NO NO NO NO
2D Non-Energy Products from Fuels and 284.67 NO NO NO NO
Solvent Use

2D1 Lubricant Use 284.67 NO NO NO NO
2F Product Uses as Substitutes for NO NO NO NO NO
Ozone Depleting Substances

2F1 Refrigeration and Air Conditioning NO NO NO NO NO
2G Other Product Manufacture and NO NO NO NO NO
Use-Industrial Processes

2G1 Electrical Equipment NO NO NO [ NO NO
2H Other NO NO NO NO NO

2H1 Pulp and Paper Industry NO NO NO NO NO

2H2 Food and Beverages Industry NO NO NO NO NO

Source: Thailand’s Fourth Biennial Update Report (BUR 4)

GHG emission from 2B was
13.2 MT CO,eq, mainly from
CO, and CH, from ethylene
and carbon clack production,
and N,O from nitric acid and
caprolactam production.




Contribution of Chemical Industry

« Chemical industry can play important role
combating climate change and moving
country towards the NDC target by reducing
GHG emission related to production process
by using GHG abatement technology as well
as implementing comprehensive measures
related to energy efficiency, waste
management, and carbon capture utilization
and storage (CCUS).

« Therefore, there is a need to develop the
GHG reduction roadmap for chemical
industry in Thailand.
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Objective

An objective of this assignment is to assist
Department of Industrial Works and key
stakeholders in the process of developing
an initial Thailand’s GHG reduction

roadmap for chemical industry.



Tasks and Methodsr—@

M 3.1 Literature review
M3.2 Focus group

meetings discussion

M 2.1 Literature review on
measures and technologies
M2.2 Focus group meetings
discussion (measures and
technology in short, medium
and long term)

M 1.1 Literature review of T2
chemical industry in Thailand x
M 1.2 Draft Roadmap concept Measures and
e.g. vision, goal , scope, process, .
stakeholders ® Technologles
T1
Roadmap
Profile

M 5.1 Combine (1),(2),(3),(4) reviews to
initiate full CAPCI initial roadmap
M 5.2 Conduct Stakeholder consultation

workshop
M5.3 Finalize CAPCI Initial Roadmap

M 4 Calculate the
GHG emission

reduction for setting
targets

T6

‘ Final
‘ T 5 Report
T 4 Full CAPCI
GHGs roadmap
T3 reduction
Policy calculation
and regulatory
framework driver

July 2023 — January 2024

X = KICK-OFF meeting and focus group discussion



Scope of Roadmap: Focus on IPPU, Energy and Waste sectors
» |IPPU sector (2B Chemical Industry sub-sector)

Process-related GHG reduction can be accounted in IPPU

Sector

Description

2B

Chemical Industry

2B1

Ammonia Production

2B2

Nitric Acid Production

2B3

Adipic Acid Production

2B4

Caprolactam, Glyoxal and Glyoxylic Acid Production

2B5

Carbide Production

2B6

Titanium Dioxide Production

2B7

Soda Ash Production

2B8

Petrochemical and Carbon Black Production

2B8b: Ethylene

2B8c: Ethylene dichloride, Vinyl chloride monomer
2B8d: Ethylene Oxide

2B8e: Acrylontrile

2B8f: Carbon black

2B9

Fluorochemical Production

2B10

Others

> Energy sector GHG cannot be
> Waste sector accounted in IPPU

Sector Description
1A Fuel Combustion Activities
1B Fugitive Emisssions from Fuels
1C  |Carbon Dioxide Transport and Storage
Sector Description
aA  [Solid Waste Disposal
48 Biological Treatment of Solid waste
4C  |Incineration and Open Burning of Solid Waste
4D |Waste Water Treatment and Discharge




Thailand’s GHG reduction roadmap for chemical industry
[

Approach: GHG reduction activities driven
by chemical industries

Key elements of roadmap:
* Objectives
* Overall GHG reduction targets

* Key milestones (short, mid, and long-
terms)

> respective reduction targets
> potential reduction measures
« Supporting mechanisms




Content of roadmap
B for GHG reduction in
Chemical Industry

W =

N o o

Executive Summary (TH/EN)
One-page Infographic to
visualize the roadmap
Rationale

Introduction (GHG profiles,
scope, methodology and
assumptions)

Objective of a roadmap
Overall GHG reduction target
Key milestones with detailed
GHG reduction measures
Supportive mechanisms



II Fundamental policies and frameworks used for roadmap development

« 13t National Economic and Social Development Plan 2023-2027
"« NDC Roadmap and IPPU Sectoral Action Plan (2021-2030) o\

« Thailand's Long-Term Low Greenhouse Gas Emission Development
Strategy
\» Climate Change Master Plan B.E. 2558-2593 (2015-2050)
« Energy Efficiency Plan B.E. 2561-2580 (2018- 2037)
 Alternative Energy Development Plan B.E. 2561— 2580 (2018-2037)
» National Industrial Development Master Plan B.E. 2555—-2574 (2012¢

228
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Examples of Roapmap Direction in another countries
(Chemical industry)

Greenhouse gas emissions from processes, energy requirements and products®

REFEREMNCE PATHWAY
Increased aefficiency and the phasing-out of coal
recuce greenhouse gases by 27 percaent by 2050.

112,8 g‘c'.':""*"

Roadmap 2050 —
;'QJ,‘;;QHE. @ S :I?cl‘:rici‘ty requirements p
investmeants par year Towards a GHG Neutral

Chemical Industry in
Germany

_2701""0

million t*
82,1 7Y

TECHMNOLOGY PATHWAY - - - - —————— —— — —— e oo e oo
Graeater investment in new proocesses that

requira four times the amount of alaectric-

ity reduces greenhouse gas emissions by

billion € TWh
% 1 additional 2 2 alaectricity
iNnvestments requireamsents

GREENHOUSE GAS NEUTRALITY PATHWWANY *® - — - - -——— - - oo o oo o o
No restrictions; maximum investment in alternative processas

that requira mora than aeleven timeas the amount of alactricity

reduces greenhousa gas emissions by almost 100 parcent.

billion € TWh
% 4 additional 6 2 alactricity
investments requirameants

Elactricity cost assurmgtion: EUR 0.04 per KBWh including levies and taxes
*=* 4 gmall wolume of emissions remains which must be reduced using additiconal technol ogies and was not part of the study.

VERBAND DER VCI
CHEMISCHEN INDUSTRIE ..
WIR GESTALTEN ZUKUNFT.



JAPAN @ Examples of Roapmap Direction in another countries

Japan Chemical Industry Association (JCIA) announced the “Chemical
Industry’s VISION on Global Warming Countermeasures” in May, 2017,
comprising of 3 key working pillars:
(i) Establishment of carbon-circulation,
(ii) Process and energy innovation,
(ili) Selection of environmentally focused business model and
establishment of social infrastructure to allow the business model.

B CO2 emission reduction target and result

Result In New reduction target

FY 2017 (on the basis of FY 2013)

A 2 million tons by FY2030
on BAU comparison basis

A 6.5 million tons by FY2030

‘ A 2.73 million tons I A 3.5 million tons |A 5.73 millonons | 1 Bal) comparison basis

https://www2.nikkakyo.org/english/energy-climate



. Examples of Roapmap Direction in another countries I I
JAPAN

*  Commodity Products: Use of energy-saving
technologies and change of raw materials

 Derived Products: Fuel switch and electrification

- End Products: Use of energy-saving technologies, [ _
fuel switch, and electrification

* Recycling: Chemical recycling, improvement of
material recycling efficiency

There is also an attempt to use of green ammonia and green hydrogen as fuel to power the crackers
that generate ethylene. Japanese firms are researching green chemistry methods to transform
waste carbon dioxide into methane and methanol.

<a href="https://www.flaticon.com/free-icons/tape" title="tape icons">Tape icons created by Freepik - Flaticon</a>


https://cen.acs.org/business/petrochemicals/Japan-run-ammonia/100/i14

FRANCE (2021) 1

Improvement of energy efficiency (recovery of waste heat and
replacement of equipment at the end of its lifespan)

* Reduction of nitrous oxide emissions (through new installations and
catalytic technologies)

@ EnNERGY

Industrial USA (202 1 )

Decarbonization . . . . ]
Roadmap * Energy efficiency and industrial electrification

« Low-carbon fuels, raw materials, and energy sources
(such as hydrogen, biomass, or waste) to improve

by material efficiency and increase circularity
« Carbon capture, utilization, and storage (CCUS)




Emission from 2B (Chemical Industry) =¥ 13,245.74 GgCO,eq

1%

1%
305 27 [_/_

. ‘ = Ethylene (2B8hb) ‘ } 11,348.09 GgCO.eq

‘ = Carbon black {ZEBf}‘ P 976.31 GgCO.eq

» Caprolactam(2B4)

Ethylene dichloride, Vinyl
chloride monomer (2B8c)

= Nitric acid (2B2)

Source: Thailand’s Fourth Biennial Update Report (BUR 4)



Process-related GHG emission from chemical industry in Thailand (2B)

Source 2B2 2B4
category

Nitric Acid Production Caprolactam Production

Petrochemical and Carbon Black Production

2B8b

-

Ethylene Production

Ethylene Dichloride and Vinyl Acrylonitrile Production Cabon Black Production
Chloride Monomer Production

Key

category

* % —% ¥
— —
A T
CH, CH,

* Significant gas

N N

Ammonia oxidation CO,: Feedstock combustion, Thermal CO,: Primary and secondary feedstocks
supplemental fuel combustion, flarring combustion, flaring, and process vent

GHG
related

process

CH, : Fugitive, process vent

CH,: Process vent



Literature review: 2B2 (Nitric acid production) ;

» GHG emission: Catalytic oxidation of ammonia (un-intended process)

» The amount of nitrous oxide generation depends on several factors, i.e., combustion condition
(temperature and pressure), burner design, catalyst composition and age.

» Based on BUR 4, the N,O emission from nitric aicd production was calculated using Tier 1 approach,

in which a production of nitric acid (tonnes) was used as the activity data with EF =9 kg N,O/tonnes
HNO;

| Enog=EF * NAP |

» Tier 2 and Tier 3 can give more precise estimation of N,O emission by using the specific technology-
wise EF for nitric acid production and accounting the N,O abatement technology applied for Tier 2,

and installing of the continuous emissions monitoring (CEM) system for direct measurement of N,O
for Tier 3.




Potential Technologies for N,O Abatement

(2B2-Nitric acid production)

e N

1.Currently, N,O hasn’t been announced

as controlled substance from pollution
emission

2.N,0 Emission Of Nitric acid production is

about 4.5 — 12 N,O kg/ton Nitric acid
3. According to BUR4, chemical industry
sector in Thailand released N,O

\\accounting for 0.51 MtonCO.eq. /

\- Non-Selective Catalytic reduction (NSC))

Technologies for N,O Abatement: \
1. Primary Abatement Technology

- Add specific catalyst in chemical reactor
- Increase height of chemical reactor
2. Secondary Abatement Technology
- Design reactor for carrying more catalyst
3. Tertiary Abatement Technology

- Catalyst Decomposition
- Catalyst Reduction




Literature review: 2B4 (Caprolactam production) &

» The N,0O also generates in other industrial processes that use nitrogen oxides
and nitric acid as the feedstocks, i.e., caprolactam and glyoxal production.

» GHG emission: similar to Nitric acid production (Ammonia oxidation process
to get NO/NO, which require for caprolactam production).

» Based on BUR 4, the N,0 emission from caprolactam production was
calculated using Tier 1 approach, in which a production of caprolactam
(tonnes) was used as the activity data.

» Moving towards higher tiers, the plant-level emission factor is required for Tier
2 and a direct measurement of N,O from production plant is required for Tier
3, respectively.




Potential Technologies for N,O Abatement
(2B4-Caprolactam production)

@

Fact:

According to NACAG project,
the Caprolactam sector in

Thailand has a potential to

reduce N,O up to 500
tonN,O/y or 140,000

QnCOzeq/y.

N

4

Technology for N,O Abatement::

Same as N,O abatement
technologies for Nitric acid
production as the N,O emitted from

the same process related to
ammonia oxidation. @




Literature review: 2B8b (Petrochemical: Ethylene) 5

» The total CO, emission comes from:

« Combustion of feedstock (ethane, propane, mixed C4, naphtha, etc.) and by-
products from process to provide thermal energy to the ethylene production
process (steam cracking);

* Flaring of waste gases.

» CH4 are mainly from fugitive and process vent emissions.

» Based on BUR 4, the CO, and CH, emissions from ethylene production was
calculated using Tier 1 approach, which used ethylene production and EF (varied
by feedstock type) for estimation.

» The Tier 2 and 3 will require more specific data, for example, the carbon balance
for Tier 2 and the site-specific emission factor for Tier 3, respectively.



Potential Technologies for CO, Abatement
(2B8b - Ethylene production)

(act: \ Technology for CO, Abatement::
To reduce the thermal energy

In IPPU sector, the production of required for cracking process

ethylene emits the Iargest * Energy efficiency enhancement

amount of GHG emission (mainly * Improve heat transfer between the

C02 from cracking process). inner coil wall and process gas flow.
« Use biogas as an energy source for

furnace (caution: it increases

terrestrial and freshwater
® / acidification).
* Apply CCS but need to have policy
support to make this technology
\ economically competitive. /




Example of decarbonization plan of ethylene plant in Japan

(Naphtha cracking)

2020 2025

Naphtha

cracking

facility/equipment efficiencies

Conversion to natural gas

Energy saving/energy efficiency enhancement: Improvement of operation
methods, recovery of discharged energy, process streamlining, improvement of

2040 2050

Fuel conversion to ammonia,

hydrogen, and the like

Conversion of
methane off-gas to
feaedstock

Direction for

decarbonization
{Further promotion through
collaboration with other fields)

«Aim to
reduce CO,
emissions
through
energy
saving /
energy
efficiency
enhanceme
nt and fuel
conversion

*|Introducing
CO, capture
is possible

https://ja.eu-japan.eu/sites/default/files/imce/2023.2.27%20METI. pdf



Example of decarbonization plan of ethylene plant in Japan

Issue (3)
= R&D to use byproduct gas as
COx-free | Q2 | chemical raw materials
Issue (2) : There are some
-Heat balance of NH3 burner wd_mi dide : h :
-NOx countermeasures TR PG | Chemical ISSUES SUC. das price
[ raw of ammonia and the
Pyrolysis furnace |} % mekeia’s heat balance of the
0 Rl
(350°) LE £ poopen burner to utilize
Raw materials ammonia instead of
ca
(naphtha, bionaphtha, : butadi
i it _'r;e"; byproduct gas
chemical recycle) :C[ .so,f;';.g (methane gas).
é \ C6-8 ]
Issue (1) of% L
Stable, low-cost ammonia T T
procurement (ammonia}
*Hydrogen combustion and fuel
CCUS are also in view.

https://ja.eu-japan.eu/sites/default/files/imce/2023.2.27%20METI.pdf



Literature review: 2B8f (Carbon black) ;

»Similart to ethylene production process, the CO, emissions are mainly
from partiial oxidation of feedstock (mainly heavy aromatic oil) and
flaring processes, where CH, may come from vent gases.

»Based on BUR 4, the CO, and CH, emissions from carbon black
production were calculated using Tier 1 approach.

» The Tier 2 and 3 will require more specific data, for example, the
carbon balance for Tier 2 and the site-specific emission factor for Tier
3, respectively.




Potential Technologies for CO, Abatement
(2B8f — Carbon black production)

N

In IPPU sector, the production of
carbon black emits the second
largest amount of GHG emission
(mainly CO, from combustion of
primary and secondary

-

act:

Qedstocks). /

/Technology for CO, Abatement: :\

Increase an efficiency of energy
recovery of vent gas to reduce the
thermal energy required for pyrolysis
process will result in less feedstocks
combustion.

< 4




Key stakeholder and their roles and responsibilities

D O
\&/

Responsibility

Collect data from
direct and indirect

sources
Review and
analyze data
including GHGs
emission
calculation

Develop a draft of

CAPCI Initial
Roadmap
Present drafted
initial roadmap
and collect
comments from
stakeholders

Finalize the CAPCI

Initial Roadmap

Provide needs
for GHGs
reduction in
Short, Medium
and Long Term
Provide data of
chemical
industry
background
(Data of Factory
location, Type
of Factory,
capacity,
energy
consumption,
waste
management)

Engage each
stakeholder
Monitor results
Organize focus
group and
stakeholder
consultation
workshop

Provide suggestion . FTI

about . TGO
measures/technologie *  PCD

s that need for . EPPO/DE
supporting GHGs DE
reduction

Provide specific
current data of
chemical industry
background

(current operation,
technology, capacity,
and measures
conducted for energy
conservation and
waste management)

Base on: Three Scopes of study



Proposed Workplan

Methodology

[2]

10

11

12

13

14

15

16

17

18

[3]

19

2 0[4]

21

22

23

2 4.[5]

M 1 Roadmap profile (current situation, stakeholders, framework,

methodology, etc.)

M 1.1 Literature review on current situation in focused sector (factory
location, technology, capacity, energy consumption, waste management,

market research)

M 1.2 Draft Table of Contents & methodology for CAPCI roadmap (e.g. vision,

goal, methodology, workplan, stakeholders, etc.)

M 2 Proposed measures and technologies for GHG emission reduction for

each industry

M 2.1 Literature review on measures and technologies for GHG emission

reduction for each industry (under IPPU 2B category)

M 2.2 Focus group meetings discussion (GHGs emission reduction, measures

and technology in short, medium and long term)




Proposed Workplan

Methodology

Jul

Aug

Sep

Oct

Nov

Dec

Jan

[1]
2

[2]

10

11

12113

14

15

16

17

18

[3]

19

2 0[4]

21

22

23

24

[5]

M 3 Review policy and regulatory framework driver

3.1. Literature review (Policy and regulatory framework both national and

international)

3.2. Focus group meeting (Policy and regulatory framework)

[merge with 2.2 activity]

M 4 GHG emission reduction calculation (compared baseline vs roadmap,

assumption used and remarks)

M 5 Combine (1),(2),(3),(4) reviews to full CAPCI roadmap and conduct

stakeholder consultation workshop

M 5.1 Initiate full draft roadmap

M 5.2 Stakeholder consultation workshop (Present roadmap and receive

comments with stakeholders)

M 5.3 Finalize CAPCI roadmap

M 6 Conduct final Report

indicates Deadline in each Task




Request of contribution from chemical industry

Current information about production technology
List of raw materials, utilities, products, emission, and waste
Current practices for energy and waste utilization/management
GHG emissions (scope 1 and 2 of CFO)
Main GHG sources and sinks
Measures for GHG mitigation
o Plant level and corporate levels
o GHG reduction related to process emission, energy, and waste
o Short-, medium-, and long-term (carbon neutrality and net
Zero)
Support needed, i.e., capacity development. legal and financial 4?"
instruments, know-how, technology transfer, networking, etc. o i

G




Proposal on Roadmap’s Timeframe

*GHG emission peak level of 388
MtCO2eq

*Enhance the NDC to Reduce GHG Carbon Net Zero GHG
emissions by 30-40% (previous Neutralit emission
target 20-25%) y
2023
o vV 3 o ® ®
2020 2025 2030 2040 2050 2065
Clinker substitution CCS in cement industry

Substitution of refrigerant

Climate Change Master Plan (2015 — 2050)

NDC Action Plan of IPPU and Industrial
Wastewater (2021 — 2030)

<

Proposed timeframe for (draft) roadmap
2023 - 2030

*Source: Thailand’s LT-LED
IS



Topics for Discussion

« Name of Roadmap (Choose)
1. LmuwmmqmsﬁmLﬂaauamamﬂssuLﬂuﬁé’qﬁuuauLﬂuummaamwmmmﬂ

4

2. LmuwmmqmsmuLﬂaauamamﬂssuLﬂumsuaumuaum&m
3. LLNUV]U'W]'NW]S‘UULﬂﬂﬁluamﬁ’]‘lﬁﬂiillLﬂllﬂ’]'i‘UE]‘L!Gﬂ

4. YHYNINNNITAAAIEITOUNTEINIINGAANNTTULAL
5. ¥oaU ¢ lUsATEY

« Roadmap Timeframe: 2023-2050 (Agree/Disagree ,Why?)

> Short term: 2023 — 2025
» Medium term : 2025-2030
» Long Term: 2030-2050

« Vision of the roadmap (Suggest Idea)
In your viewpoint as a member of Chemical Industries in Thailand,
how a vision of this roadmap should look like?




Thank you for your attention




Next: Focus Group Discussion
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