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aowiuvhuavlasvnis Technology Needs Assessment (TNA)

Technology Needs Assessment (TNA) Phase 1 auui 1

THAILAND THAILAND

TECHNOLOGY NEEDS ASSESSMENTS REPORT
FOR CLIMATE CHANGE TECHNOLOGY NEEDS ASSESSMENTS REPORT

BUdget: 120,000 USD ADAPTATION :::::2: e
Total: 19 Months (4 NOV 2010 - 31 MAY 2012)

Coordinated by Coordinated by

'uti ISIceYechlgv © Nation: I$c rchlogv
d Innovation Policy Office ] and Innovation Policy Office

° TNA DUUH 11as: dlla: aoamun31ua1nmuaomniuiaalur{aw
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+  laomsdam uwudjuamsinalulad (TAP) agvasaunau lag o ® Ob® ¢ -~
St unaansmsmLnnIuIaanIosumsaoamunmUz-nnigIUamsZu
VIUDSY e
il AndueasB s Bmusian . | nRs
BN et e Tnsomsilunadwssusssuon TNA aUun 1
& . Insomsnlosunumﬂ GCF uoaomsuma lnUASDENVEVEU ASDUAQU
= 20,000 ASOISDHU Uazdowans:nunivopucious:=818U 25 a1unutuquu1
i LOIWS=EN
¥  vuds:uieu 17.5 auaeaansassy (s12 580 awuuin)
= & WNKUNEKAN: LWDEINS: AuMsusSKIsYaMIsLNLa:MsIALAsNSsSUlR
: tNAuUciaInaamwaniooINA (@aapuLFgVNALAVLAUNRDU
h duwau)

© 2026 The Creagy Company Limited. All rights reserved. CREAGY 8



n:nuwuuwaotnsoms Technology Needs Assessment (TNA)
e USD 353.9m

GCF financing 51.7%
GCF
17.5m Grant

GREEN
CLIMATE
FUND

lasvmisiasuasivanuaiuisaiunis
suuamamswaauuUaoamwnummn
ZuauuwaoUs lnnInuo:)stsusms THAILAND
oamsuwnuUs dnsnmwlla=NsLnuQs
wuugdiu

(Enhancing climate resilience in
Thailand through effective water
management and sustainable
agriculture)

GCF Grant =17.5m USD

Empowered lives.
Resilient nations.

DATE APPROVED
07 Oct 2021

Enhancing climate resilience in
Thailand through effective water
managemerit and sustainable agnc...

Co-financing 48.3%

p— -0 12/.4m nsUNIsdd
_ Rice Department

' — - |
lAsvmistwungMwnIsuandnd Deutsche Gesellschaft
AinudonibonA g I Z e 617) b

v usammenarbel m
(Strengthening Climate-Smart THAILAND
Rice Farming: Thai Rice GCF) Thai Rice: Strengthening Climate-
GCF Grant =41.2m USD Smart Rice Farming oo DATE APPROVED

- 25 Oct 2023

GCF financing 32.3%

© 2026 The Creagy Company Limited. All rights reserved. CREAGY 9



aowiuvhuavlasvnis Technology Needs Assessment (TNA)

Uszinalnoluasaidiagivs:aulanlumisysanmswanisii TNA whivunus:ausia midmsdudums
sSuiianumswagsuudavaniwnidoameadadnudawuna:dus:ansSnw

2015 2017 2018 2022 2024

uwumsusudiia THAILAND'S
msiasunlavammwniaimeAuHenG il i i i)

&

THAILAND'S NATIONAL ADAPTATION PLAN

U w.a. 2564 - 2573
Climate Change Master Plan

2015-2050

Thunds Netanaly Dettemnrd Contibumes Rasdraay sa Mipaten 7071 2030

Thailand's Intended B 2w p 4 . THAILAND’S

Nationally Determined v ... = LONG-TERM
Contribution — ;M\:lsso Ex&uzseéirsmnsav
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Technology Needs Assessment (TNA) @daa:ls na:ijus:lousiio:ls?
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TNA Report

& malnvasnssy (Agriculture Sector)

Small Modular Sustainable Carbon Capture Solar PV

wat Utilization and
Reactor Aviation Fuel Storage (CCUS)- for

(SMR) (SAF) related Technologies | Infrastructure

Low-emission Livestock Gene-edited Nitrification Near-infrared Sensors

- - 3 Feed Additives Rice inhibitors for Soil Monitoring
mamsvamsnswgiasun

(Water Management Sector)
Ry T

mnmsc‘t"ot‘iug‘luua:nmuﬁunouaouquti
(Human Settlement and Security)

Tarele . ||

loT-based Real-Time Underground Modular Managed Aquifer
Water Quality Attenuation and Recharge (MAR)
Adaptation Systems Storage

Physics-Guided
Long Short-Term Memory
(PG-LSTM)

Thailand Climate Energy for Passive Radiative Digital Twin
Integrated Model Disaster Resilience Cooling (PRC) Risk Platform
(ThaiCIM) Materials
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Technology Action Plan
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WCUuUN project ideas ua:
concept notes
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Uolaud ua=nisuhluujua
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Shortlist Technologies

Sector Short-List Technologies

Energy

AwN

Small Modular Reactor (SMR)

Sustainable Aviation Fuel (SAF)

Carbon Capture Utilization and Storage (CCUS) related Technologies
Solar PV for Infrastructure

Agriculture

AwN

Gene-edited Rice (m:Usuumowusnssu)

Nitrification Inhibitors (E—ﬂSEJUEJ\)TumSWanU) ) o
Low-emission Livestock Feed Additives (a1sgugviinuluaaitngdion)
Near-infrared Sensors for Soil Monitoring (15UL30S Near-Infrared (NIR))

Human
settlement and
securlty/\

p
&

—

A wN

Thailand Climate Integrated Model (ThaiCIM)
(wwudasvanmwnidonnmALuuysanmMsaksuls:inAlng)

Energy for Disaster Resilience (W3OULWDASWUE)

Passive Radiative Cooling (PRC) Materials (DaQs:u1gAUSDULUUWIAEW)

Digital Twin-Based Climate Risk Platform (Lwaawasudlaiouadnalwanisionolioo)

Water
resources
management

¢

—

w

loT-based Real-Time Water Quality Adaptation Systems

(szuu loT anHsumomunfumwmuUUlsaaInu)

Underground Modular Attenuation and Storage (UAS) (s: UUKUDvLa:AnAUdau)
Managed Aquifer Recharge (MAR) (inalulaginistauihiciau)

Physics-Guided Long Short-Term Memory (PG-LSTM)

(Luudiasvunivmemw + Al [aHSunIswegINsaINIVINNINEN)
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Thailand Needs Assessment (TNA) Reports

Thailand
Technology Needs Assessment Report
Mitigation
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Thailand

Technology Needs Assessment Report

Adaptation

TECHNOLOGY
NEEDS
ASSESSMENT

July 2026

g ©):

= > Asian Institute of Technology

Table of Contents

Lt O BB ot ettt s b e 44 s e b4 e s em s st i v
L T T O P DO P PP i
ABBreviations SN0 BOTOMYITES ..o oias i m s s e e s smsmsas hmmma s b £ e 44 £ e4 44 bEbm e b e s s m e s n b wii
o T IWIE B LITTIITIERTY 1 e st cecats b s e s 8 b e b £ £ 4 £ 24 6 SR £ 84 SEbmE 4 b e e s 6 [
Chapter1  THA process and the MEtional CoOMPERE ... oo st csas s s e sss r e 1
LIPS O e 1T T T T D D PO PR PR OR PR 1
1.2 THNAprocess im Thailand ... i it et cas s s sas e 2
1201 SECOr BBLBOTIIN (oo e e oo fibem et bbb st e et s b mmm s s 3
1.222  Orgdanisational SEOTLIIE L. o o e bt b st ad et e mm s s 4

1.3  Summary of the NBtIoONBL COMBENE ..o esmsss s sss s s ssss brbmssss bobssn s brssas sassnrans a
i3] BB SBOTOE (o e ceoias et s e s shmmess e e £ 4 B8 a2 b e £t 44 nmmm s b 5
T2 BETICUIILINE L. ettt e sttt et s et £ S b e e b £ 44 nmn s b 7
Chapter2 Technology prioritisation for 8Nergy SECTOT ... st s s sss remne a
2.1  Technology Options N @MEMEY SETTON .. s ias e s s e sts s mses bhbmmaas s e s semms ss rin 10
2.1.1  Process of identifying tachnologias ... s s e n
2.1.2 Longlist of technology optioms e e s 12

2.2 Technology prioritisation process for energy BBCTON ... e aia e 15
221 SN Ol BT B L oo b ot e oo £ oo e Sh s e s b e as b 15
222 Assigning Wi tE e o e b e b as i 23
B 1Ty O OO O PPN 23

2.3 Prioritised technologies for Energy Secton ...t e 24
2.3.1 Combining scores and Weights ... s e s e e 25
2.3.2 PResult examination and sensitivity BNELYEIE ... e 26
Chapter3d Technology prioritisation for Bgriculture SBCMON ... s 1]
3.1 Technology options in AHCURLNE SEOT0T .o i s s st s b mm s b e s e 1]
3.1.1  Process of identifying technologias ... s e e e 3z
3.1.2 Longlist of technology optioms . .o i e 3z

3.2 Technology prioritisation process for agricultune Sector.. ... 34

b e = 1= T T e =T TP PP a5
3.2.2  Asaigning WOIENEE .o o s e s e En s 040 LS RS LR R LR s SR a2 s as
B B D OTIIIE ottt it e o e koA £ b m 4 s s bR A b m i ek b ds e s

3.3 Prioritised technologies for agricultung SeChOr. ... i e e s e a7
3.3.1 Combining scoras and weilghts L. 38
3.3.2 Result examination and senstivity BNELYEIE ..o e 38
Chapterd  Summary 8nd ConCIUBI0NE . e immmias s s s rass brs s s as bbb mmm s s b e s srin 43
L= o PO PSRN 45
Annax 1: Technology Factsheets for salected technologies ... 45

il

T T BB T e oo e st et e bt e e s st as b £ mm s m s s

AErCULEUNE SECTOT i i s i ome st ire s b s s e s et s brs mmaas b e s

Annex 2: Scoring and Decision Matrices for MCA

Annex 3: List of stakeholders invobved ...
Annex 4: Sensitivity analysis, exclusion and final selection of technologies

Sensitivity Analysis: Alternative Weighting Scenarios

© 2026 The Creagy Company Limited. All rights reserved.

CREAGY

13



ASJLAS1:HRUAssALA:NSDUMSAVLASU (Barrier Analysis and Enabling Framework: BAEF)
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Trends in GHG Emissions and Removals by IPCC Sector 1990 and 2000

400,000
300,000 +
200,000 -

100,000 4

et

=100,000 4

GHG emissions/removals (ktCOzeq)

~200,000

T

P i i = ==

= LULUCF

DollE ol el i

- Waste

e Not emissions (Including LULUCF)

@ Trends in GHG Emissions and Removals by IPCC Sector, 1990-2024

Energy: The largest contributor to Thailand's GHG emissions throughout 1990 - 2024.
@ Emissions reached 257,677.11ktCOzeq in 2024, accounting for 66.53% of total emissions, excluding

LULUCF.

IPPU: Emissions increased from 9,815.68 ktCOzeq in 1990 to 34,742.52 ktCOzeq in 2024, ‘_"" '
® Its share of total emissions increased from 5.93% to 8.97%. al

| @ Sectoral Trends in GHG Emissions, 1990-2024

Energy: Remained the largest emission source, increasing from 80,415.69 to 257,677.11 RCOzeq. Its share

rose from 48.56% to 66.53%.
Agriculture: Its share decreased from 43.04% to 19.02%.
IPPU: its share increased from 5.93% to 8.97%.
Waste: Its share increased from 2.47% to 5.48%.
#un: Public Hearing on Thailand NC5/BTR2

N

fﬁ National GHG emissions by sector (excluding LULUCF) for 1990, 2023, and 2024

80,415.69 ktco,eq
(48.56%)

>

80,415.69
ktCOzeq
71 272 76 (48.56%)
ktCOseq
{43.04%)
Industrial Prooesses
and Product Use
9,815.68 k1COzeq (5.93%)
Waste
21,240,57ktCOseq
(5.48%)
73 668 58
ktCOzeq
(19.02%)
Energy
257,677.11
ktCOzeq
(66.53%)
Industrial Processes
and Product Use

34,742.52 ktCOeq (8.97%)
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GHG emission by Sub-sector in 2024 (Agriculture)

GHG emissions in the Agriculture sector in 2024 Category-specific Planned Improvements
3C7 Rice-Cultivation, : 3‘:‘9%';‘:'; "2’6";':"““”- -r‘-% Category Key priorities

A 34,365.65, 47% * PGS D
\ Y teri ’ Update animal characteristics,
‘ "“ 3:‘: m:um': nt, 3,876.93 C.! :'lt il ipiado: production data and Tier 2 parameters.

' 5%
» 3C1b Field Burning of . Update parameters and manure
73.668.58 ‘ Agriculture Residues, ‘ 3A2 / 3C6 Manure management system distributions,
k't co e.q 1,636.06, 2% x& Management particularly for swine.
2 -
® 3C2 Liming, 15.70, 0%

(2024) O e ‘ X Improve burned-area data using
3C6 Indirect N20 NN * 3C3Urea Fertilization, ., 3C1b Blomass Burning satellite imagery and biomass fuel
Emission from 1,647.48, 2% 20 Yz nCroplands estimates.

Manure Management, « 3C4 Direct N20 Emission i
708.0463962, 1% - from Managed Soils, ' 203 Lming 1365 U Fill historical liming data gaps and
i 9,002.54, 12% % L"c':ﬁ:?‘/ Sem consider Tier 2 methods for urea
__d NI : » 3CS Indirect N20 Emission from g Appl application, where appropriate,

o R Managed Solls, 3,341.73, 5%

Develop country-specific parameters

’
y

- . X 3C4 / 3C5 N,O from and assess missing sources, including
o e ' —— - Managed Soils cultivated organic soils and sewage
R — .
dvﬂ Y ‘; "-‘ ‘ v ) - - . i sludge application.
o : L LA - LB S o M L e .
G Improve rice-area classification, CH,
Agriculture Sector GHG Inventory: Current Status and Planned Improvements / " 3¢7 Rice Cultivation i sy
Current Status and Ongoing Activities = - management scaling factors to reflect

practices such as AWD.
« Retained methods and parameters from the previous submission, using Tier 2

for rice cultivation and major livestock categories, and Tier 1 elsewhere

g according to data availability. Py @& ® Support Needed: Ca st 3 61
— 3 5 : 3 o : Capacity-building and country-specific data
- « During FY2026, ongoing work reviews activity data, emission factors, .‘ R
0 methodologies and databases, incorporating technical review . o = st(engthen accuracy, completeness and time-series
recommendations to improve inventory completeness. @ consistency. 13

7un: Public Hearing on Thailand NC5/BTR2
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WKAVNUIKANUIVNISUADTABISDUNS:DA
(Sector Emission Profile)

msuand (Rice Cultivation): __
33,631.60 GgCO2eq (50.57%)

mskUaluszuumvIduaIKISUILANT
(Enteric Fermentation):
15,364.76 GgCO2eq (23.10%)

msdamsauuna:msisde
(Managed Soils/Fertilizers):
~11.53% + 4.26%

wunthIdavanw (Forest Land Remaining
Forest Land): Qau -29,328.06 GgC02eq

MsvanIsuadal (Manure Management):
3,472.08 GgC02eq (5.22%)

-300 200 150 100 50 0 50 100 150 200 250
USureuimuiSauns:andns (Net Greenhouse Gas Emissions) - GgCO2eq

#un: Thailand Taxonomy
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Thailand Agriculture Industry

© 2026 The Creagy Company Limited. All rights reserved.

Source: Taxonomy, TDRI

Thailand Taxonomy: matnuas
Practice-based: JuWuzwu dunao na:duav Traffic Light System
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https://tdri.or.th/2025/08/thailand-taxonomy-agricultural/

AISATKUQUDULYQ:
'DInsuwasuavkuwasy' (Farmgate to Farmgate)

28 UINVIVIIN

2dudNUDUIYN

Taxonomy aqluuauwn Taxonomy l Taxonomy
msuussurav
2onvnwisSU

' " B . (Post-farmgate
MSKHAOUAZVOK navdnsuas AYNSSUMSKHAN A1SYONISUDY msu‘Usgu processing)
Uadumiswan Jos = s:auwhsu idomeluwisu Wovdunkso =
. WUMSWAO —> .. gl —> e &
(Supply chain Atdneluwhsu (Wuwa, Uhdas, (Waste msdainu < =
inputs) JuLnEOS) management) faudauE AsAdouas
e Muan
(Wholesale or
retail)
< o
J
7un: Thailand Taxonomy
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s lUéﬂ u N"I u “?\"5-5.5 nen: sonuuuLWaAUykTasAQ

dudayagu (Baseline Data)

AIsUS:LUUS: 6Uﬂ'|$l.lﬁ l:l-ﬁ tumatnuasnssulng

(Practice-Based Approach)

s:augv (Advanced Practices):
Usuwasusduuunmswaanyuwugiu
(1u uamusBamw, msusudsowusaredluv)

dHruasu
s:auna (Intermediate Practices): (Cor:p lefnent.ary
tBinaluladua:msavnugviu . Adoptions):
(Wu misuUsus:aukthaudagialsas, (wsoulalunns:au
inalulagimisinvasuuug) (1Wu Us=nunewuwa
nnastiamwaime,
waoviuazana)

s:duWugu (Basic Practices): Gunuch, wiu
Us=ansmwnswenns (wu msaamslawsou, nsAquau)
inalulagmsinuasududn)

7sn: Thailand Taxonomy
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mummwansanunasw dovAsauAaUALANIUAUGDED
AIWNUNIU LA:3vID0d0U

1. AUUAsIFASUTAD

(People & Economy)

2. auUNuUMu
(Resilience)

- Mudals/dakudananan

mlsans A AIWUKIUYDYD Y
ua:s1elddausoviu e®3 s19la0wnQ
(DUaOALIKAD ansm)waasaomoms

— ~ o < .3 :
(kavknMmssnwWunazkl) S=

OululAAQAY WG

~ msaa GHG davq fv
|
|

Jodhuyamnineasns
[asumnKovoly

MSIBIGIKUCDIUAVKAY A3
[asvmis/idugakuudvay Rt

- stk CH, ua: N,O

3. gl imAuazNSweINs

(Climate & Resources)

mfla
ua: Usueumsuaassou |
vavlasvms ol l| |

0sdvaau Trade-off

SOUALWANS:NUCD
Arumwaua:t
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1. inAluladinAaldonda:=toulas uAUtyHD:Is Nla awisaasvowaudnlkus:INA
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Ms3taslaymlvanade BAEF: asaifinuis:uuln

AS3UDAVUVURNILAU

(Superficial View)

: tnwasasluly
inAlulagiovase:

IWS1UI0ANUS
uaziounu

I

MYUALGN; D0DUSU
Laz9aKuuBaaUASal

. godiu)

n1s3udasuuu BAEF (Root Cause Diagnostic Tree)

= 5 '
(Gound:auikasruaslu

v 0 S O -
uluduau + anstawun
uazndmuludaou 1
insasnsludutodn:ldus:Te
yuInMsavnuagvdatliov ﬂ
WikusSMsinaluladuazsuims
Us:idusrelduazanuidovenn ﬂ
P e e, DA
[WilulnausmskSaduibonoan
UUULIKUIAULIAYASASS 18808
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~ doasumsuaadon: GovuAnanith anslewun |
Tutnausms uaznalnudviwiAnuidevluwsousiu 1

STRICTLY PRIVATE AND CONFIDENTIAL

CREAGY

29



LU 1

g1lnsluounna WusikLgelduATHu uaza:Isndav
LOSEL

CREAGY



Juladuin 1 vlneluounna wustsuslglaunlku uaza:lshdovlassu

u1dUsuuavdluu
(Gene-Edited Rice):
anmu:tnalulad
uloure uazidunivg
1wowrsusguaving

lomamvgnsmaasniunaivns
Wasuuwdavamwaiioinn
uazmswvaadunns:tigu

Executive Briefing | qa1aAu 2569
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1. unnouda\)wusnssu (Gene-edited Rice)
uaonssuwusnssumwannunumuua-anumu (CRISPR/Cas Systems)

usun (Context)

Wans:nu (Impact)

Readiness: Pllot/Research

Mitigation & Adaptation

AwWulUla (Feasibility)

1. anuauslawa: & AIUWSaU

Sukhumvit Set
- inalulad: 6 CRISPR/Cas Wouuwusing
‘Combo Set' (aaliinu + nuudv + nutAu)

- amue: [Uls GMO (Transgene-free)
aglus:du Research-to-commercial

2. Us:loyunan

- agﬁm@aunszan: aalinuld ~48%
(1Ualtsounu AWD)

- msuUsudd: s1nan (DRO1) BogkUuav
uazgu SKC1 srenudutAu

- 1ASUZAD: IWUIGAUSMWHAKAQ

3. dunu & ANUESY

- Ms1du: CAPEX aoludulasvas
wumu:oﬂ (Lab, Phenotgpmg)
- LCOE: N/A

- Anumme: ans:lisuAnulaaans
NvEIMw (Biosafety) ua:mseausu

Helvetica Now aadunudadumswan uavWU3InA (Social Acceptance)
- Uszinalne: [asoms ‘Biotech Rice 1' :
(BIOTEC/nsumsing) (Hudth Methane Emissions
& o3 E J o . . 100%
- wunthkune: wunvaus:mu, GutAu 100%
i, ndhdumadau 80%
60% | 52%
40% |
W | Consumer Perception
% -
Standard Rice Gene-Edited
£ NotebookiM
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mmoucmwusnssu (GM) uazwusaiuniu:
IASaVDa0ANUNUKNIUYEYNANANIGNI:TansIu

' Synthesis

AILNUMUGD 3
amwaime b : —_ ;
(Climate Resilience: R @ - First Principle Evaluation:
nuudv, nuthrbu, nudau) 2 ﬁug GM/ mmﬁmsuéanvﬁuéldhiufi
: wusdumuadeixu Ugnuasladnouintu udda
< g aom(gafgegw — lUOS)UOUﬂU AUIEED
(Snwmandoldudagnio iotic Stress ua: Da’llla)
g InsasnsogdadouKsaly

S - wuéﬁﬁﬁanands AUAU
tduv (Insurance Policy)
dovlAnaawsnwgauldosy
kaneggma luldikuisoudn

""5“““(‘533;;‘3'“5"“"" wusTku = aofudaluda
HaR30UNTOMUENWOIMA) losluds:10u

AnaMWHaWaaua:nsaauauavdawun
(Yield Potential & Stability)
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Gene-Editing [ld GMOs 1aualu uazdnnuuuugiavn31msusulsoWuSILUUADIaY

o SN : mslgnnugdluu UssiGuidovdoansikda
35ms (Method) Kanmsnviu (Mechanism) (Genomic Usage) (Key Distinction)

MsWauua:Aaidanwus WauwauuuddrAagandooms | lGlayawusnssudienaidanla -

Marker-assisted selection (MAS) |  18in8avku1e DNA Gomudu {8n2w3sTuu (udTuldus DNA) anudiSavavlnedoulkayAodsi

! wusgorheawlui DNA chodu
Gene Editing (CRISPR) Usuwaeu DNA Tudwsuoithsne | Oaowwdughgos:duluiana uadavasivaaullusienst
[ulduaaanuadaludd

Tumsthwad€ailudwavidu

Transgenic (GMO msaedu (IWusaduhdwe unsn DNA dhuangwus ¢
g ( ) (WY qwe) . ANUUasaneuav GE

- ' > ° = | - : @ P ,
mamwamumnlnamunuu1nnn&ulsnnsanuuév WuaudSouavis MAS
lvkanmunwusikauutdudnousuuavdluw (GE) uad
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ms{syu1d GE naulang Climate Change davusallikuelkva
S:KJ31V 'M1S191G2s9a’ ua: 'n1saans’

W9,

N

Adaptation (n1sUsuad)
IU‘IHU‘IU nuua\) numu SAWVIS:QURWanan
luaamwumaaulumm.au

* @29810: Pusa DST Rice 1 yavaulde
UodsuAdunudaanwaulAuLa:auav

G

Mitigation (n1saawans:nu)
wWhkwe: aomsdaasmuoins:uulan

* wuomv: USUIHO'\UlﬂUlﬂUDéU&\) KSO
Usuaaunsansmlwaaomsmoumu
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nunnu’[anumwm:mmucmcn\)nu aumam:)as QULBLYWIEUBE
ueusAUs=INABULGUIYES-GUARN

9 '_ Q China (Deep Research) |

02026 55u8u OsPLDB1
u ' 78 CRISPR/Cas9 (Wanu
@ USA (Ecosystem Focus) | (Auuasaugalooau
amuu |Gl U\)wcuuwnua vau | S - (Fotdugnumswauun Tuly
nsgsausinwoaalithuazoinu ¥ India (Commercial Lead) [Bowrelive)
w.A. 2025 Us:mAu1d GE 2 wuson . /

ICAR (DRR Dhan 100 wawaagv, ua:
Pusa DST Rice 1 NULAL) WumMs
' UszalDukanewunlud 2023-2024

B
e

-t - PR - < "o ' - o I —
ASEiANBULOEEI MsUs:mMAWUSASY Iuldudanwawaad:ziwuimaulunawun
MSUEIEWaSLaaVUSITUMUADUSINA KUY
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Us.mnlnuun)wwsaua\ﬂumumuuauaua LASOLIiD
unu\)uua\):n\)uumlmylumsuuwNaanam

1. Awsdluvua: wawusnssuun (High)
Ouazaudatiov (1u TASVAIS U.LNBASY LA dING. AnvIWusnssuddlng 270

-

usCiaAULASEQ)

2. InSavijouwaawasu CRISPR (ngh)
Duwuwcouuis:uu CRISPR-Cas9 lwannummnaua'usaua:)

3. msnnaauua.s.uuwaowus (Medium/Low)
goldudoAakanuazyavIva Ay OUNs: ulusw BAEF

4. MSTKUNYLITOWIIBEI0nI0 (Low)
Auriluwukanudugunitnd GE Ingdnkureavndouad au Uoauu

O@G
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Gene-edited rice housuudowusnssu

NWSIUIBVENSANAQS: vouwaua:lUkuegwusinausuudvdluy 2035

inaluladidnousuucdvdluu (Gene-edited Rice / CRISPR-Cas)

\‘4

‘0

» 5 A
' & P’
o

msuUsSudd (Adaptation) msaamyiSouns:an (Mitigation)
(Adaptation) (Anvraation of ema)
- NUUEY, NULAL - aamsudasmaiinu

f\‘\SUSUlUBUUﬂUlU'\HU"lUOU‘NllUUZﬂ IQ&WUSGOH‘\UO‘\OIUU DNA

wlandaaunavikao (uuaunuasmsua uaosaoaau)

nqudiduazKavldarun (Value Chain Users)

InUasns
& WWan

waowus

daasanawdnSo: wandcuazAwERes, AUMWE1, dunu/sreldinuasns,

uaswaaoiey fassosoldoso (MRY)

- UgBWAaaWUS

WkuneBognsmaasiol 2035

Target 2035: Wasua:dunaou
dnausuudedluvodwios 3 wusg

2030-2032:
2026~2029: z J 2033-2035:
% = nadousalewun ou's SOCHNAE:
wasunnaun & (RSOURAUBEN0TSE 3 S: LNS29S:AUVIKIN
duovngs:isu wwAUSsMU, W/ o (achutos 1 Wus)
g, uawuiituiu)

vouwanalulad vs dodmia (Scope & Limitations)

@ dviogluvouwa € Fvinaluladrilild/anuidrioda

- USuucivdluy X lusuus:Audldwusnuiskargslo+and
- Wuanmwdu lnumauangowsaunu (Govwgousrowus)
- NOAOUNIAGUN X Lunounumsoomsm (U Uazs1qoHIS
= 3 QGRS T
- UssliunNuEsw

X msluil DNA udanvaau luldudadnwuds:
Wunwlasane KSannaalaaynaaualy

X Iuanmsndwaa‘mnaouau/uUaomm
TUasuwannWuild
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Gene-edited rice thousuudowusnssu

U1 GE lulagasaduminnsau GMO lagdaluua
aavwaauns ‘luidog’ uov DNA dvau

7 2

ualuianioe + owEaYMYWEUSUNGLITUL
| > TUGDNAdwauavag [~  (devdukangiulhAsismsasdd
é (SDN-1/2) KIWUS:MALaY)

gnnwumsuvsvuavdluu

SN N\

v CED
" 15 DNA Guuuu #52 , lﬁuvonwaqnsaumuqu GMO 1au
o GavkiSansudnmsinuastdusiense
(SDN-3 / Transgenic properties)

31050: 199U USDA B3imsworsanavadotiudno TBC WDusiensdl A dAMuzuav '53(10030\’53‘3'1?"1‘3' [uawisadwndudu
(Case-by-case basis) lulumsenusuisiu anuUadodounu ‘wanfurigame (Final Product)’ [6
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Gene-edited rice thousuudowusnssu

AIUDSLATUADIUUADAAYIIKIS: MSWIUAISSUSIVDINASENSIVIALASY
wlaudan “vrgwWuaikislanun”

ANuIGaHAY (Myths) AWL0uDSL (Reality)

XK 911 GE navtialudiovniu 2e. Govus:iiuAnuUaaanemu
szaumsuAly (SDN-1, SDN-2,

> o SDN-3)
¢ T DNA cwdiu Foludaod ¢ 21KIsitdhie GMO a¢id

- 2
2aNDIKS Us:mA as. 431 uaziSavaainid
. y . ;
Us=me 432
DOA FDA i
K wunsudnimsiasasudd Approval Approval KINTTMSWagulavavA
fiodlasanedanusInAnun Usznaumvlnyuinmsksoasiv

mslndiuiuﬁo davuavadugu
1A 99, WuswWaanun
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Gene-edited rice thousuudowusnssu

Gene-editing Wuwev “ipSaviia” fusaisudu
laumoam'luantsana\)muns~u3umsnalua\>annawﬁﬁ

Phase 1: Lab & DNA (A>1uwSaugv) Phase 2: Field & Market (naudadhAgy)

B )
SOz

donlong/ dacadoe Wuaniw asId9U nadau nOagu Ussiiuanu UENOUA:
gultlikug CRISPR/Cas wuauvd DNA GRIERIERIE Ka1ewun vamnu Wwao

(ke (Multi- ANKUIY waawus
location)

Key Insight 91nS10 BAEF: nauaoua\)lnululoaanmsanoaﬂu unaan msvvuamwnuiuwusmalna
MSNOADUKABWUN UAS:UUMSHAOIUSaWUS’ ATVADOWMUIDEISVAIU
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Gene-edited rice g1dUSundowusnssy |
31AS1KAIUNMMELEYS:UU: dUASSALLAzKIVIBHANSINY | uiisbaeiimsasio,

. ! NISNOdouKae Us:Toutd awidey atsTuoulo
lndoaraluido +  Wouuwus SN G2 aesuuius b L I‘/
agsdsulinsy  Tond + nulidatiioy WuRuass:uuIWae Bed  UAA2IUAUAT venegmsioviu

o wusgadia s:auwrsuludaou PSVAUIKAd

- V ° - - - - — b ~ J o o
SKhd FHOSU‘\UO‘UGSSNU\)S:UU StQUADTUSULSY Jsslaukannaavdaaaan

-
o~

1 - 3 . < .
VUAVIUIDE naddu Susov JunztUou UAVI KUY

gy dumvmAuquara:msmiuds:inago (KILLER] aou oL
[unsuavas Goviulasuasldkangula?

gy  MSEAUSUVOVAISISHU: INYASS Ua:KIVIY (KILLER] doviidoyanSavoululodvazsousuld?
AAI (Govlkanguuenaiundudos)

gs  Qunudde as»vdau Mrugua uamsmgouas icrucial) B ugauINRaVURUTMISTUTvMISNOFUIA:UENY
[udaitav Wwaawusksalu?

B8  msnodoukaeiuidunandauasanuiaiosioliwe (TP  (udnunaiknsavagrSall? uasDwauaniUagu (Trade-off)
’ towawanogwls?

2:$nIAWLEZNEWUS Uazugndomsauaan (Segregation)

[dagwls? (soufivenonasgiu MRV dssuimuiSouns:=on)

N Carrmnt Nestalook

B13 s:uuueewaowusua:asivdaudaunduinna [CRUCIAL]
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Gene-edited rice g1dUSundowusnssy

Kuekg: mss:yhmmwiduloauabavduiomsmsa dolulidogd

llNUUﬂUOﬂ'ISlla HUDH\)’IUlD'lﬂ'IWlUD\)CIU

umsmsu‘twnsmans;

aomléum\)ﬁmuquaua.m‘nu
wSauaa0SIWUS

kKkovldntumSIVIEaNAIaNLEUS
(Traits) douddu

wmmmnﬁmwnonusa.vn
UUUKIUKUQKLNEY (Mulestones)

amnsavwnqaaunawwun
wsSauus:liduavudadaou/MRV
10SEUS:UUIWAaWUSUA:US:LTU
LASYTADS:AUWISY

— ’J ™
Waawsnaavavuau
Junou 1NANS HSURBAU ta:
woulvaaladawu

Ianawuannaumwﬁavms
wSausuwvolanviaagivlusvla
mawu:{wsaunoaauuawnanmu
Ussnauudaszuunau

uauawawao AtUNW AULARYS
las waqummnnnsaaaaulo

luanwuéqmmw QsJvdaugau
naula uaztnwasaswnavla

IIIII

.~ ~ o - ~ -~ J
kanmsyoarauanuaAanglumisivinaau

1. NSOUNANKLIY &

misddiusou
(Burwonsaumiuguaua:msi

= = 3. usgNamuKanIu
2. wawuinalulad (luisvnsMmnaudKkangIuMA

(Gndumshuunumulonghdaau) AUUIWEOWD UENEHamMUANY

drusruvovarsisauznun)

wSaudSouavudawus)
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Gene-edited rice g1dUSundowusnssy

msund:ym Climate Change Gaviludukiivuavnisasiv

AMuuuAL (Ks1duilne

’-

, Utymlulum:uﬂuaauwaau
f uns.uquUaauum'lnmsudaaulflum\)laanmaumnulu

L ¥ g

o

Strategic Imperative: mvoualulgmsgadoainalulagnazad
udAamsusumaulusuutnaAlkidusssy inAlula@dvagaunly ua: a&ANUILSURIADSY

gunuskisla > usmsnwnavla | I’ aalansudauau > dunuRluawauanki
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Gene-edited rice 1dUSUUGOWUSASSY

FAaundovmsAadUNNRNIBYIBITY
1. AdSISUdINATUANUTUzlaua:s:uuuUs:LANIQ DVV:LWL
ATUALHUDWUSULA:D5vaMSLaU?

2. guassalallu Killer 95v ua: Enabling Framework [
CDVLSUANDU?

3. fisulhsovua:uangdiruiel 2035 AovlRuKangIu
o:(s ua:woululangvlindstGuRUNCD?
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JuladuIn 2 aamusiSauns=anluwisu NMagvlsirAuAI uaztnuvasnssoula

@ 10:30-11:45 u.

aamsisSauns:=aniuwisu

moagwlslikAua uasinvasnssould?

muaannalulagdsznaunisaunmin

A .'I." -
asgudoiinu asgudo
NSSSUBIa Tuaswinsu asa3adu

1. mstdansdudviiinudinsssuvaa (Natural Methane Inhibitors) t3tunin
uadas (lagtawn:Tatdpua:lauw) waguguaaunsgwmluou (Methanogens)
tuns:zwizKUA dotduuravnmdansoinuKanNINNISEDUDIKISUDVAN)
Saaglu uusmuudiudis:dugv (Advanced Practices) tu Thailand Taxonomy

2. mistéarsdudoluaswiasu (Nitrification Inhibitors)
i3sounudslulasioulunisUans tWas:=aons:usunswasuuauluiiou NH4
(RuWulutasa NO3 fudulaguuniiise sogaamsgauidalulasiouonmss:av
ua:aamsJaauapsinsluasananlud anandavAuidnssy msvamsysua:
$1097K1s Budaasgiu uuonouiudas:auwugiuua:s=dunatv (Basic &
Intermediate Practices) ghxSuwusiasugaio tu Thailand Taxonomy

3. inalulad NIR (Near-Infrared Spectroscopy) Juinalulagaunlasalny
¥ounauduwsItsagugas NBasIvIASI:RRVAUS:NDUNIVLAGUDVAU Wi Jg
ua:3aaduarisaasdlduuusoaiSlaslimaiacnogno

fioluaundvuav inAlulaginuasuugh (Precision Agriculture

Technologies) ua: ms3iAsi1zR/Us:10usaoKsua:lnsuims dvudaosiu
wusnvwdiuds:dunalviivs:=augv (Intermediate to Advanced Practices) {u

Thailand Taxonomy

© 2026 The Creagy Company Limited. All rights reserved.

CREAGY 49



Barrier Analysis and Enabling Framework (BAEF)

Low-emission Livestock Feed Additives
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1. msnasummsaﬂumu (Ruminant Inhibitors)
uomssummsamuweanmwsauns N (Feed Additive Technology)

Readiness: Pilot/Research

Ao WIUUIUIA (Feasibility)

3. fiunu & A2WIABY
- Msiiu: OPEX IWW ~2-5 un/

usSun (Context)

1. Anvnusiawa: & AUWSOU
- innlulad: asanasssusIA (dMse

wans:nu (Impact)

2. Us:logunan
- aAN1BISaUNS=9N: anlinu

AW, INUTU) WauaInIsand
- naln: gusvaunsgwaniinulu

10-80% (Vuogiuslinans)
- Us:anBmw: IWudnsmaniio

no/du
- LCOE: 20-80 USD/tCO,e

NS:IWIHUN (ADG) 5-12% - A2WAME: N1sIAwa MRV
- amu:: Insaglus:=9:330/Pilot - s2wla: WuUs:ansmwnsidonis AliuAsgIU
(ﬂ'\ﬂalSUTUIU\lW'\ﬂJUU) (Feed Efficiency) - Inaldn: AUIanesvavans
- inwe: Taitio (Banu) nalauu oonnNs
(naw)
gﬂ Methane Meat Risk &
!
Yield Challenges
£ NotebookiM
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Low-emission Livestock Feed Additives (a1sgugviiinuludasiagdiidov)

A1sguUgvUINUDINSSSUBIA:
towinalulad wWhkne ua:naiu@h’i

2035 Ambition
ﬂ‘lSUSUﬂS‘UDUﬂ’ISHUﬂ‘fUﬂSJW‘I ammamaa\) 20272038 thi = 2029-2035 fhoiu e
-2028: thsovia:aisa - : ygiiowraivg
lwaaomsUaaamulsaunssnam\)a\)au (Pilot & Demonstrate) (Commercial Scale)
8§ 1 DinaasUHATWEomS Imﬁaua:[nuunﬂmmﬂsau
aoﬁwua:mw@anﬁu 500,000 ad
\\: luwhsuaso [dSuastasunduduwaud)
Y -
£
ASIasuaInIS

Jas " Target Users Matrix
d29INsSsSsuuI0

ynuady, nllu, Uinu (CH4)
U'IUUHOUS Ky, anav g %g
As:INgU, a1Sanawy, 10_30%

: i = L ' P 29 %
kS8 Asparagopsis wunua:nguithkuigusn s:uulARIEIU

- MSunmuaumsInamsIa
(lauunmanaw, laama
losdovlunssnuaumwuazwawaayavan azdudanidevikiio)
: - aknsed ua: [svvuaikisdad

» * 3
inwasnswasvlauu/lalo
WWANIKISANT « WWOULNASIASY
dnouwnd « unlnyuimsansd

WKLIEKan: aalinuIIAS:UUNMVIGUDIKIS
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Low-emission Livestock Feed Additives (ahsgugviiinuludasifagdidov)

yauwa vadAa ua: gudssnisvs:uu (Reality Check)
gonmnalulagmld ZoAfmula uazAUATMEKaNATAUIAISUINYRAIBTOWIILE

The Boundary Matrix
.-' -t . e 2 -‘ _— whd
W/ vauwaninaluladmla X avninalulad miuld ko Tuly
- wouuwaonaunlilavasgu - TJ aaliinumnuadas K3auimsudaguamunvvhsulosdalula
- nadauluwisuuasdariuuadguamsikonis -TJ enmsanounummsnannldﬁammw kSomsdamswhsunugld
- Usz0unWAUA uazMms:uu MRV (30-s1801u-ndudau) - Td awnsatwann Kovuau bimsudwalu wasu lanud
- M3 sssumd Wild uwanasaseiaual (Gevwiumsnadau)
- Tu Suuszrusieldmnmsuautnsan kSamstwutuvavUsLIuthu/dkn
Diagnostic Dashboard
Obstacles List Systemic Failure Flowchart
A\ 5 guassakan (Critical Obstacles) > nnsibeulUsatoy. —> ﬁ?ﬂé’ﬁ?&'&l‘?
[Killer] B1: ngsstisuuastnaurimisnandw (Claim) lugawu s _
[Killer] B2: AnuwsauiBownedisg (waa/daifiu/dvuaudaidavldenn) Y | o
; Wuduau trsofuredunurwudu? duf/owns | | waaalinu | AUAUM INYAsNS witusguas
[Killer] B3: wacauunu (ROI) liuduau tasa:10ugd1saunuiwulu? TP > Wathiauo + > uasaumw > s:auwhsy —>| ua:qBauio aonu3aia
[Killer] B4: vhaunaudayancaaviuamwwisuuasgasaikisuaving ni038dona | oludawu | Wuduau | | Anwiiul ‘
[Crucial] B7: 11sdasTuavi mikuenwadwsvavaisiasulden )

- >
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Low-emission Livestock Feed Additives (asgudgvibinuludasineidav)

uqugunmsua umsmsuumaau (Strateglc Roadmap)
nsaumsmluumulua\mUlwaUaoaanaUassnua ussatkuet 2035

wiasms (Proposed Measures)

waawsndovld
(Expected Outcomes)

ATQIRUUVKINTIUNTE
Inauwaaaiinu

Joyadsvauwaaqiinu gumw
uazwawaotluuvsuning

ANwa@uaUavMsIdlass:uU
Uuiindayanuugh

- x o -
1. sudvidumvmavguatazvIasyu:
mKuatnurintuNW AIWUA20AE Lladain

2. thsovnaaauluwisulng: Sadvndu
wWsputhguua: damuadulaaans

3. damuudlpuamsiroinkis (Feeding
Guidelines): Ay uAUAIMWASHA:
USuaundaslasu

4. mKuadsiana (MRV): anuUUUS:UU
damuntkuIzAuMsSUEgdainawisy

5. Us:1DuIASYZMAasIAzoanUUUISVRVTD:
mSums:Algnelagliwomsuautasan

5's‘Us:10uwaﬁd11_§iaﬁa meld
AunumstomunKuIzay

NsWAUNUANS ua:ilulaa
atiuauungvdudksuinusasns

~-

aau nnu;hntys g:usn (Phasel Priority): Govisuddums dun gU (1) + NMSW:

rmanswisu (5) muanuld nau Ra: auuauuimnomslumuiu:)\)n)m (TAP St a-usn)
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Low-emission Livestock Feed Additives (asgudgvibinuludasineidav)

FAaundovnIsAINDUNNRLBYIBINY

1. AdSLSuUdIAaIsLasusdalauazs:uuwisy
(a dvidlonigaaidinulaasvua:ltnuasns
(Gaola?

2. guassalatlu Killer 95v ua: Enabling
Framework {aCiovlSunou?

3. fAouvenedLlruiel 2035 AovlRu
Hanyguo:(s ua:woululaNnIsHEQHSD
nunouMSsts?
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Barrier Analysis and Enabling Framework (BAEF)

Nitrification Inhibitors
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2. arsdudans:usunislunsWindu (Nitrification Inhibitors)

wuUs:ansmwlena:anlundaeonlss (Enhanced Efficiency Fertilizers)

usSun (Context)

1. ANUNUEIAW: & ADTUWSOU

- nalulad: asinl/sssuyi (18U
a=1m) y=aonsiasunouluitouidu
Tuimsn

- amus: analdiwsnane Ineeglu
s:¢: Pilot (900, Uud, V1olwn)

- Wuh: WalsiAsugiondmsiwa:uan
>300,000 Is/9undn

wans:nu (Impact)

2. Us:legunan

- anieiSouns:=an: an N,O I
19-38% (a1sdVIAS1:H)

- Us:AnBnw: IWUWAWAN 5-6%,
IwWusela 9%

- Aunondou: anuawenNL
(Nitrate leaching)

N,O Emissions

1.38%

Standard With

Fertilizer Inhibitor

noWIUUIUIA (Feasibility)
3. fiunu & A2WIABY

- nsiu: s1MJudovu 3-4%
(OPEX)

- Aunu: melu 1 nguan
(FINwawaniwuy =5%)

- AMUNINEY: ADINSOVDIASIHAU
(Soil testing) IWoAUNLIUEN

- ns:10su: favoUinnngnuiede
AsouSu

Risk &
Challenges

A NotebookilM
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Nitrification Inhibitors (a‘lsﬁuéolunEWmﬁU)

AISIWUUS: 5nsmwmslulu[nsmuua-anmmsauns.anmnnumunsmumsuuuvlunsﬂmuu (NI)
Gewinalulad Whkuneowunavl 2035 uass: UTDANURTUIAEDUKEN

- innluladiidoa:ls?
» nalakan: avsirkthiy:aans:uoumsiasuuau
[uidswlululosdua-luasalogvaunséludu
j': lulasé/luasa " WAawsAla: IuInsmuau'Iu§Uﬁﬁululﬁmuﬁu aoms
(NO, / NO,") y=dwlulasa uaaomsuadssisluasaaaniud
T i (N;0) i ;
- = sduuudvuau: mswauksatndauluwannwunle
"a(l"'}.:",")w msﬂlll':fln?c::g;mﬁul (Knoka: ﬁa\manUs.lDun:1uw§aus-m1\)a153\uns1 K
4 u wu DMPP, DCD ua:uuamvgugonviamw k3o BNI)
-Whkneibovdudvd 2035 - ssuulinAndUHTE
Y @ 9 10 Sokia guao & Wimhele:
WWEULY ADUAUARINW
uasKuunaasnun
IwAawunlTulosougolu 3 Wokdn 1aur Sou | dud:kdo | S1lwa £ invasns &
melddauluWs-au-piormARKIUMSNaaoULA) annsai: §l50I1UdSL
(d‘)uao Nawaao,
2027-2028: a’ua\)nas:luauua:aommns;{wuﬁnnmﬁ r}u swlaans Adanduims &
, duliomstideotuttil S mstédaidov) dnsthidviasu:

2029-2031: antdumsuisavluwunihkue 10 \m.)n An0daumAauL,

malu 2035: DwaadaniBomdisgua:s:uvaniasuntdould {Aduu=UnEvan ua:

vsuidusuuuy damuwaus:iiu MRV
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Nitrification Inhibitors (a‘lsﬁuéolun?.Wlm'iU)

vouwanalulad ua: Fvaluawisamla

vouwamsdniiuviu (Scope)

V v mswaundewau/wndau NI tasmsnduquAumwKansiun
v MSN0AUMAAUUINKILLIMDAIKUUIW: WY Ia:GU

v Ms30 10U uazndudsuwa (MRV) Grumsaafin N,0

¥ avanalulad Tuawnsa' Mla (Limitations)

X Tunounumssamslowugiu: luawisaunuikan 4Rs
(siio 3051 DAY CUKULAKUIAL)
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Nitrification Inhibitors (a‘lsﬁuétolun?.\illm'im
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Nitrification Inhibitors (a‘lss'l'Ut'l"qun.?.Wlm'iU)
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Barrier Analysis and Enabling Framework (BAEF)

Near-infrared Sensors for Soil Monitoring
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Near-infrared Sensors for Soil Monitoring (13uLlsd$ Near-Infrared (NIR))
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Near-infrared Sensors for Soil Monitoring (13uLlsd$ Near-Infrared (NIR))
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Near-infrared Sensors for Soil Monitoring (13uLlsd$ Near-Infrared (NIR))
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Near-infrared Sensors for Soil Monitoring (NIR)
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1. ¥1dUsuucvowusnssy (Gene-edited Rice)

2. El'lSEJUEJ\)UanIUEICDlF]EDlDD\) Reduce CH4
emissions in ruminants through natural
inhibitors

3.  aisgugvluaswiadu N20 mitigation by
using nitrification inhibitors

4. 1BuULsdS Near-Infrared (NIR)
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Gene-Edited Rice (3jutNuHananUaZIUNDAYUAY)
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NIR Soil Testing (sivansAunuuazannise)
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The Ultimate Takeaway
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