189U ssmlasInsenle
23-CP-50-GE-WSP-A Workshop on Green Hydrogen Systems for the Sustainable Energy Transition
sewineduil 7-9 nuanwus 2567

 UsTnAduLhe

[

Jnvilag WIEATIANN AUNATS

NI98 @0 UUITULATHAILINA I UUATNIA

Suih 8 wweu 2567

dauil 1 ean/esAaduiainnisidnsaulasenis
1.1 fuuazinguszasAvadlasanis
Conference of the Parties to the United Nations Framework Convention on Climate Change

o

adsil 28 vide nsusErLTIAANseUBYAYENUsE I RTdhen nUAsuLUasan mgfiennia adfedl 28 Huns
Uspuszdulaniidntulng avdssened omieiieafuymninisuwasaningiionawasmuumadle
dulfiudderuiuiusshulumadudnenmdumdinumeuuduaushuansmsannslduiu ndwnu
avemguuuulminuivlelnsuinnuddesnsdstensiudsuiiudundsnu armdesnslelasauasifindu
sdwaidenfioatuayunaivlanmaasvgiandentuanudduresiaindon Fanmsdsuiuiaonadoei

Green Productivity Program 981 APO

lelasnududemasaronilineliinmsdesaivou unsiindsnudumizgeiianluusinidoimas
siavun lelnsiaugnlddmiulsnduihiiy Jo win waelfludunssudaasmstfundsolasanusa i
nszualnfiuazanuseuls International Renewable Energy Agency s1e9uinlelasiaudau 12% veenisly
wdsuialanaelul 2050 warnsudslalasiaudiden (Green Hydrogen) 7ildndanmaunuanansaannisuaes

fwasueulaeanlunlang 9-20 Alansursusulneanluniisuwinselalasiau 1 Alansu

nstindsnunaunulunisndalalasiauazdislivssadmunenisdaesiviounssanansidugud

v

(Net-zero emission) Ingliidsnansznunenandaniaasugianaenis nswasululdlelasiaudadudiuadud
drfydmsunisidsuniuegenindalugunamdsnuiiddu augluiunisanaisueu (Decarbonizing) luna

AR | VBAUATHFAR

ngusrasAvadlasanig
o SuuiinvedslasiaudiBeuazunumlunsussatimsnensusesfnaiseunssanavsidugud
o Syufunliiuasnansznudeninouauoi i IImEuiiiudy
o BouiUssfumnuiidummdinundensedensdifnuniivsrauanudisalunisaiislelasiudifen
o Boufulsvsduaiuuazmsiiuifieduindeunislilelasiaudiden

® oiuneaUasIAkaztoTiamuATaLaziAsYgRvvensidlalasaudien

TR TIBIUMEnaINInITulaTINITeNle (RUUUSUUS a.A. 2562) i 1 984 23
FIUAIITINTOTENTNYTNA FONUTUALANUIYTIA



& ¢ v v a '
1.2 Lua“q/a\iﬂﬂqqugmlﬂﬂ"lﬂﬂfﬂﬂisuﬁn\i 9

M5 1 TTaN1TUTTERALHUTTENY

[

anu $9NI5UITEY

HUTsENe

Understanding Hydrogen Production
and Key Sustainability Elements

Dr. Somenath Garai, Professor, Department of
Chemistry, Institute of Science, Banaras Hindu

University, India

Emerging Technological Trends and
2 Market Opportunities: Transport

Sector

Dr. Lorenzo Di Fresco, Renewable Energy Expert,

BluEnergy Revolution Societa Cooperativa, Italy

Green Hydrogen Technologies:
3 Opportunities and Risks in Building

Systems

Dr. Ali Muslim Syed, President, Applied Energy

Consulting, Canada

Creating a Green Hydrogen Ecosystem

Dr. Ali Muslim Syed, President, Applied Energy

Perspective and Case Studies

q
through Policy Interventions Consulting, Canada

. Addressing Technical and Economic Dr. Stefano Barberis, Researcher, R&D Department,
Challenges BluEnergy Revolution Societa Cooperativa, Italy

p Green Hydrogen Policy: The Indian Dr. Arnab Dutta, Professor, Chemistry Department,

Indian Institute of Technology Bombay, India

MsINNTIEIUMenainstiulasnsionle UUUSUUR .6, 2562)

FIUAIUTWHOTEWIUUNA FITUAUNAHANUSITIT

Y1 2 989 23




nounddsnsagUidomnluuiasshderenisusses nndeardimsyiuguanudilavedelasaud
deadajaduadamudlafiuguiedulaslnnaudideSusuieammifuazumasiineslslasiou amumane
warismsnanlelasaudier SwvademesniBumnany wasversmnslidaudeluil
1. Hugruwealuladlalnsinudifen
lelasinudidordudundsduninnssuiifiunumddyesrsdasienisudladymnisiasuulasvosann
pImALarNsALaS LT UUNGuiiduluewan MenuauiRannsondnlelasaulaghifinisUdesuatin vials

waluladinaredunguadifgylunmsidsuiiugssuundsnuiaseiauaz g

n1swantalasiaudidedldndsnunyulsugu nawua, NENIULENNE, wdaun deduunas
n&sumaunuiiliffugauaslifinmsdesfadounsran mslindsnumnuvdamdriilunssuiunis electrolysis
dmsunsuaslalasaulifisustisannisiianidomameadawit uidwaeglunisnszaendrilnduluogns
FefuuavUaondounniy

P

lelasiudi@eilidneamlunisufifvarenindiu ladrazduludiunisvuds Tasanizsludiuves

guUn U ldadiuamas, geavnssunisuanfidesniseumgiige, visudnseidunianisudandsn malulad

Tslamegnislindsnuiiazen aansieantfiulasiesTsuni wagaanansenufedIngon

ammveamsnwuazitilanssurumsiiieadeatunisman maiuinw wagmsldlalasaudiden us
azdariiumamzdndluluudasduiiddyresmaluladd fausdnuaziuguredalanau mauenues
Uszinnaadlalasiaunadsnisnan Tluaufisnszuiums electrolysis Aldmdsauliiiianndanuvyuideuiionds
lelasian wazarwvimelumafuinulelasiau nmavhaudilaludemailifousdasuamimanaie

v
o [y o o

Wity uwadsewmdsiunisiwaluladluldlunswauinsuslelymndsdudwsveunnvemasnuisan

1.1 aaudfvaslalasiauuazuszinvadlalasiau
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ndsunlelnsiau iteliiaiesugiag carbon neutral economy fwlelasiauanunsniiatuldiosmiusauei
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A59UNUSENNVRILELASLAUINILYINANUE FIFLTaUDTIINISHANLAYHANTENUADAILINGBY USTLnNNVadtalansiau

wAnFaNUlURUITNNSHEN Laviinamarnudadureandsnunle

A157199 2 Avedlalnsiau

g walulag LRAINE99TU n15Udae GHG
. hgfumidn, Oy (Heavy Oi,
M1 (Black) Gasification e
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U1m1a (Brown) |Gasification 21u%U (Coal) 9
11 (Grey) Natural gas reforming finesssuyR (Natural Gas) Uunan

Natural gas reforming +

1 (Blue) carbon capture and storage |Ae535u%18 (Natural Gas) i
(CC9)
. . Asuaulaeanlaalu
W1A51u ANWFITUYR, TINIE (Natural Gas, d,
Pyrolysis An1usvaka (Solid
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carbon, by-product)

- s Ul nuna ey (Mixed-
wiaag (Yellow) |Electrolysis Junang
Origin Grid Energy)

A9/BUY oA .
Electrolysis WIAaYS (Nuclear) UDYNEn
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Geothermal)
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o lglasiaudan/udinia (Black/Brown hydrogen): nsuanlauiannnisulasanuiiuiaziondspadawuy
aapudu 9 Wuie Inglaifinsinduansuou lalasiaudd/ahmadufunuiianstsmaandanuaaiui
Wintumeansueu wieilideidusedunndon lalasawrlinddmadldoglugiinnavseniadiuiiiniadon

Navormegsinin Inawdugfnnudndulunsdeuulasegunesdurssligunalalasiauiiddundn
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Uaosiwiounszan lelasioudimieidudiuddnuonisudnlelasiaulutiagdu iauemadeniil
wansEnusedwndeuiesnindniugnavnssudng q auniwnadeniidufinsdeduwnndondniney
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o lglasiaudil (Blue hydrogen): lelasiauddviminiduunad smdsnuudsunu ndalaen1suiuing
sysugIfnIuanunsfumalulagnisandusasinifiuarsueu (CCS) nszuiunisiannanssnune
Fundeumensindunazinfiuasueufivdeseanun snlimdumadenfiazenninitnsuanlalasiay

WUUARHY dmSUgna NI suiieminesssuyn

o lglasiaudiasiu (Turquoise hydrogen): nswdnnun1swendinuiisgung i iaweuuimiadiiu

v
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winnssulagldndsnuanuieuguiaiiudssdninmuazndnaisveundadunanasels 8daue
madeniivdesarsueutiesniumalinnisususuuncau Tnefsganiadiusiig q Adadunisiamn

YInNssuManAluladuaznisanalsuau

o lolasiaudindes (Yellow hydrogen): Mswanldnszuaunisaidninsladalunisnaslelnsiauanilngld
wFauliinundssay Senufeiodsnumudsuwesndsnuildlfnaowdomudou Wy S
535UVR Uiy wsetuades nsldndsulwihanunasmaumneanuinisUassingsounszanas
uanssfulumudadauresuamdsnunuieusaslivyudodlunsuaalwihild feomed lelasaud
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vaamsldnasnuryuisuluwvawaunieves

o lalasiaudiae/aun (Purple/Pink hydrogen): nsldndsnuiiuafesdmiunisninlalasiauetedadu Tu
nsudnlniiidndudmsunszuiunisdidninslada nszviunislanunsausulsaiudulalaenisly
Usglostiananuseumaefisanlssluwindundes Insulssdnsninniswdslalasaulaglivass e
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o lalasiaudvuny (White hydrogen): N1SHAANIIINNTLUIUNITEITUNINRUS 0N1SHANT bR o9l TNa 991y
AEUBARNULAN LU 2nurasNsoulaianilidanuuanstsandssianveslalasiauau 9 Tuusves
NsHARLAEHANTENUsDAWInd oY Fsaunsanulaluvsiuiivedanfifianssussilinetgs wu lnaru

wwIseEldsunseUINgNsalgnlinisUasefinuseunsganannisndalalasiaudunsenauananiuly

v
= K

Juegiviznsuazimaluladnldlunmsatandsnuenudeusaznmsndalalasiau egrelsfiniu d1n1sudn
tuiinsdanisedeseunsunarldinalulagmunzan nsudalalasiaudvnansaiinsldesingiou

nS¥antey

o lglasiaudiTen (Green hydrogen): n1swanrunszuIunIsBianinsladalagldunasmasnunyuiou 1wy
A3 WHINULAIDIANS WHUL wazndsnuanusouldfnn nszurunsiventieandulalasiauwas
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wagldndarnumawnuliiinUselonigen nsidsuudasiviglissuundsnulianuiuaswagdavguuiniuiases
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nsldlelasaudilisrlunianisvuds nswEnndsnu aznszuIunIsERaIMn I 9 Junumddnly
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1.3 nszurunsaianinslada (Electrolysis)

nszuuNsBidninslada (Electrolysis) iunssuiumsmuadiildndamulniluniswenatsusznoudu
a3 Usznause 9 tnelddesianinismnludviound mdsnuanufeuainatsuen luduniswialalasiou
nsvwaumssidninsladafiunumddalunsnanlalasauazoinani (H,0) Tnemsldndeeuliitlunsuen

Tuanadufweendiau (0, wazlalasiau (Hy)

nsrUIUNIBLENINlaTaaunsanan lalaslaua I NWAAINE U NAWN LA IIERNANLTUAIM NS 19U
wdaansiandamdmeadalddnde Tuediveiavesdidninslawes (Electrolyser) 7ild nszuiun1sdidn
nsladaanuisauwtspanduainussianudn 9 laun Alkaline Electrolysis, PEM Electrolysis uag Solid Oxide

Electrolysis

1. Alkaline Electrolysis (Bidntnslagauvusanlat): iumeluladfinuniigauaslfldnunidunaun
weiaiidihiiisanlay (du Tnieuleasenled) Wudidninslad ieusnindueendiouuarlslnsiau
5idnvsladauuudanilauiivszdniamnisulamdsnuiin uwiiidesindesnnuidiluniswanlelasau
uare1afioInIsMIthgeinwiganinaluladdy

2. PEM Electrolysis @anlnsladauuy PEM): ga1131n Proton Exchange Membrane Electrolysis 8o
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Uszﬁw%mwnﬁmamlaimmuﬁgjnﬂdw winzgdmsumsldauiisosnisnisrevaussetisndwasn1suan
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3. Solid Oxide Electrolysis (Bianinsladauuvsenlesuds): \Junaluladiivivadefian Faldasfinfivhui
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o msdnfiuiufinenialininudiugs (High-Pressure Gas Cylinders): msdnwivlalasiauluguuuufignels
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o nsdniumeiagdulalasiau (Metal Hydride Tanks): n1slddandulslasiau wiu langlansod, asueu
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Fadafi 1 - Understanding Hydrogen Production and Key Sustainability Elements
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M13719% 4 ansnagumsUSeudisunieseudduniy (CE) wseseudlniuunmes (BEV) uazin3oseudluiiead

Fonas (FCEV)

Aspect

ICE (Internal Combustion

Engine)

BEV (Battery Electric
Vehicle)

FCEV (Fuel Cell Electric
Vehicle)

Energy Source

Gasoline, Diesel

Electricity

Hydrogen

Refueling/Charging Time

Minutes

Hours for full charge

5 minutes for refueling

Range High (300-400 miles) Variable (150-300+ miles) | High (300-400+ miles)
None (at vehicle); depends | Water vapor; depends on

Emissions CO, and pollutants on power generation for hydrogen production
charging source

Efficiency Lower (~20-30%) Higher (~70-90%) Moderate (~40-60%)

Infrastructure Well-established Growing Limited

Vehicle Cost

Generally lower

Initially higher, decreasing
with technology

advancements

Higher initial cost,

expected to decrease

Maintenance

Higher due to more

moving parts

Lower, fewer moving parts

Lower than ICE, higher
than BEV

Safety

High, mature safety

measures

High, with advantages in
design safety

High, evolving standards

and measures
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" Amuanisaduaian (Program)
= lenansusgnoumsusyya/dunun (Training Materials)
O Session 1: Understanding Hydrogen Production and Key Sustainability Elements
O Session 2: Emerging Technological Trends and Market Opportunities: Transport
Sector
O Session 3: Green Hydrogen Technologies: Opportunities and Risks in Building
Systems
O Session 4: Creating a Green Hydrogen Ecosystem through Policy Interventions
O Session 5: Addressing Technical and Economic Challenges
O Session 6: Green Hydrogen Policy: The Indian Perspective and Case Studies

B N sULEUORAN UGN TINAINTIUNGY (Group Presentation)
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