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Establishment: Approved by Thai Cabinet on June 9, 2020




Vision & Mission

Conduct research, create and comprehend
knowledge in supporting
Thailand National Energy Plan

Generate and transfer high-quality
energy technology knowhow to relevant
stakeholders to generate impact

Collaborate w/ both public and private
partners on energy tech. R&D

Integrate major resources to prevent
redundancy and for high efficiency




Hydrogen @ N5

Hydrogen production =
from Biogas and Biogas Cleaning Biogas Cleaning
Ethanol (Solid sorbent) (Pilot Scale)

2001 2006 2016 2018 2025

@ ‘@ ‘@
@ \?/ ®

2006 2012 2016 2023

MTEC start

MTEC start research on Hydrogen production Hydrogen production from .
research on Fuel Bi Cleani ; Ethanol (Pilot Hvbrid Cu-Cl Cvcl Hydrogen production from
Cells (SOFC) 10gas Lieaning rom Ethanol (Pilo yond tu-titycle Photo biochemical

scale)

Dark fermentation




Thailand Net Zero Target
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Roadmap to et Zer ne 2050 : Thailand
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2050
2019 5990 2025 2030 2035 2040 2045
—————

Emission NDC tracking Peaking NDC 2.0 NDC 3.0 NDC 2040 NDC 2045
379.2 MtCO2eq 65,23 MtCO,eq 38 lSCRe : Absolute Emission Net Z
. 30-40% BAU i et Lero
Mitigation outcome eduction

26 measure compare to 2019 level

NDC 2.0 (27 Update NDC 2030)

30 - 40%

Energy Transport IPPU Waste Agriculture Energy Transport IPPU Waste Agriculture

YV L YYYY

124.6 45.6 14

41 68.1 22.6 4.2 6.7 7.6
MtCO,eq MtCOeq MtCO.eq MtCO.eq MtCO.eq MtCO-eq MtCO.eq MtCO,eq MtCOeq MtCOseq
(22.4%) (8.2%) (0.3%) (2.6%) (0.7%)
DomesticImplementation International Support Unconditional Conditional
184.8 MtCO,eq (33.3%) 37.5MtCOeq (6.7%) 76.4 MtCO,eq 32.8 MtCO,eq
LULUCE - |18 Mt€CO»eq
Total 222 MtCO,eq Total - MtCO,eq -
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Why Hydrogen

N
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I 2 Hydrogen one of six technology for
mE= decarbonization

RE based CO, o
removals (BECCS) 14 %

FF based CO,
capture and 5
storage (CCS) 66

Hydrogen 10%

GtCO, /

// NA T—
‘ 36.9 ‘

- 25% Energy efficiency

Electrification 20%
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y Source: IRENA %
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CxHy + 02 - xC02 + _H20 2H2 -|— 02 - 2H2
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/N Maturity of hydrogen solutions
(compared with other decarbonisation solutions)

HYDROGEN

Battery

®

Hydrogen
Vehicle

iy

Synthetic
fuels

Fuel cell Upgrading

N Biofuel Short-haul [ |5\ kong-
: aviation o0 o
Renewables
H Regonsl [~ —
(- 2 ~ trucks Forria
4 . Urban vehicles (%
S Hydrogen Ammonia/ O —
Generation Fertilizer Short-term m—
Electric Grid storage Trains
Infrastructure
Fossil . Mid
Other Material o temperature
End Use Refining ﬁ:;?:;ﬂa' heating
>
Distributed applications Centralised applications
Gas Infrastructure By ENTEC
Source: IRENA (2022e). 2035
2030 193 Transport

The benefits of using Hydrogen for decarbonization 2 _
* Decarbonizing Heavy Industries

* Flexibility in Energy Systems ’

* Potential for Large-Scale Decarbonization

139 Industry

Total' 26

- Versatility in Applications =
* Potential for Carbon Capture and Utilization How Hydroger Can 216 s

10 Refining

* Support for Net-Zero Goals Fuel a Net-Zero Future

https://www.visualcapitalist.com/sp/how-hydrogen-could-fuel-a-net-zero-fu/




Color of Hydrogen @ =~sc

Classified by feedstock, production process, products, and environmental impacts

Brown Hydrogen Grey Hydrogen Pink Hydrogen Yellow Hydrogen Green Hgdrogen Blue Hydrogen Turquoise Hydrogen
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But High Cost Costly And Underdeveloped



SMR to Hydrogen

SMR Reactor

HTSE / SOEC
Low-Temp Electrolysis X

High-Temperature Electrolyzer
or Thermochemical Water Splitting

Hzo - H2 + 1/202 Thermochemical S-1 Cycle




Electrolysis Technology @ =n1sc

Comparison of 4 electrolysis

Commercialized technology

® Operates higher current densities ® Cost of the cell components )
Past two centuries, water
® High purity of the gases ®* Noble metal electrocatalysts
S [P . / electrolysis is a well-known
®* Compact system design ® Acidic electrolyte

technology for green hydrogen

® i k
ST eSS production. However, globally

*  Well established Technology only 4% of hydrogen (65 million

S e o Ut Pt ® Limited current densities tons) can be produced from
ommercialized for industrial applications

*  Nobl tal-f lectrocatal ip © QRSO EERSS water electrolysis due to
oble metal-free electrocatalysts

® Relatively | t ' ®  High concentrated (5M KOH) economic issues with most of
elatively low cos

/ liquid electrolyte . :
® Long-term stability this hydrogen being produced as

a by-product from the Chlor-

*  High working temperature ® Limited stability alkali industry

® High efficiency ® Under development

® Noble metal-free electrocatalysts ® Limited stability

®* Low concentrated (1M KOH) liquid electrolyte ® Under development



Low-Temp Electrolysis @ =n1sc

g Low-temperature electrolysis splits

e =2 " Anode: H,0 —> %0, + 2H" + 2¢ water into hydrogen and oxygen using
1 B electricity at operational ranges below
i Cathode: 2H' + 26" —> H, 80-100 °C. It is the most mature and
! o, market-dominant technology for
T Total reaction:  H,0 —> H, + %0, hydrogen production, utilizing
L established configurations like Proton

Cathode Anode

Exchange Membrane (PEM), Alkaline
Water Electrolysis (AWE), and Anion
Exchange Membrane (AEM)

Proton Exchange Membrane Electrolysis (PEM)

AEMWE

2H,0 + 2e"-> H, + 20H

H, &= = 0,

Anode: 20H —» 140, + H,0 + 2e

e Cathode: 2H,0 + 2e" —» H, + 20H

Cathode Anode

Alkaline Electrolyzer (AWE) Total reaction: HED — HF_' + %Dz

Anion Exchange Membrane Electrolyzer (AEM)

e
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Cathode Anode
Anode: O —>1%0,+ 2
Cathode: H,O +2e —> O + H,

Total reaction: H,0O —> H, + %20,

e

SOEC is an advanced ceramic device
that splits water steam into hydrogen
and oxygen using electricity and high

heat.

Operating at extreme temperatures
(500°C to 1,000°C), it achieves higher

efficiency than standard low-
temperature water splitters.
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Thermochemical

Gibbs Reactor i
-~ Thermal decomposition & Electrolysis
4 / ) / : \"', —
AUy =0 2 e 28 LA | H.S0, — SO, +H,0+ %0, | | 2H.0+S0:— H:S0,+ H: {(H0

“ T > 800°C : » =100°C
H,S0, (H,0) Heat (>800 °C) 'm % 0, + SO, + H,0 /7 S
50,

\\//"7
E Bunsen Reactur >

L

ScienceDirect.com

H,S0, + 2HI 4= I, + SO, +2H.,0
e ‘- ¢ : : copper chloride hybrid cycle
Dissociation: 2Cu,0Cl, - 2CuCl + %0,
Heat { <128 °C) concentrated Hydrolysis: 2CuCl, + H,0 = 2Cu,0Cl, + 2HC|
2HI { 1,/H,0) I, (H,0) sunlight Electrolysis: 2CuCl + 2HCl - 2CuCl, +H,
net reaction: H,0 - %0, +H,

Equil. Reactor

2HI —} I,+ H,
Electricity H
f (solar) 2

Heat (:-399 °C) gas

-

Stanford University
Department of Energy
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Hydrogen-to-X
Turning Green Hydrogen
into Infinite Possibilities

NH;
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Power
to X

—_ "f'}.‘ F

- gAEVMNTIN | SRR e U

Electricity
- FCEV,Grid

Clean Energy.
- ® &
b )) J Limitless Value.
2 Electrolyzer Green Hydrogen
Water (Coonilrows) Better World.

Sustainable
Future




Hydrogen in Biorefinery

@ Biomass / Biowaste

Using hydrogen in a biorefinery makes bio-based
products truly 100% renewable, especially for sites

Biorefinery Process located near the plant, where an SMR can serve as a
y stable and cost-competitive source of pink hydrogen for
+ H, (Green / Pink from SMR) these processes.
n Hydrotreatment / Methanation / * SMRs deliver both electricity and high-temperature
6 HDO / AtJ / HEFA / Gasification heat, fully matching the PtX chain

* No intermittency — electrolyzers run at full load —

’ . lower unit cost
@ 100% Renewable Bio-based Products « Ideal for industrial hubs needing large, continuous
volumes of Hz

—-@ Green Diesel / HVO

—-Q Biomethane

— 9 SAF (Sustainable Aviation Fuel)

—- Aromatics

—@ Bio-methanol / Bio-DME

s
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Hydrogen is widely recognized as a clean energy Hydrogen is getting further recognition worldwide as an exclusive energy solution and a potential
carrier due to its ability to diversify energy fuel as it offers carbon-free solutions. Moreover, it is noted that existing fuel storage and
sources, store excess renewable energy for future transportation infrastructure that is used for other chemical fuels can also be employed
use, and deliver high energy content per unit for hydrogen storage and transportation.
mass—surpassing even petroleum.
Fuel Energy content (MJ/kg)
Hydrogen 120
Iron & Steel
Liquefied natural gas 54.4 Hysrehloric}  production oit
acid &
refining
Propane 49.6 Hyroperation By Heating
of fats & s A . — Residential
Industrial .
Aviation gasoline 46.8 O T
production Application
Methanaod )
Automotive gasoline 46.4 i : . H 5
. uer- W L5
Automotive diesel 45.6 L) R Cars
pesse il conductivity Sl Utilization
Ethan ; - _ Transport
thanol 296 - FCEVs  Trucks
sector
Methanol 19.7 H, Power
blending  generation Bses
Coke 27 ‘ Maritime Jf Rocket
Storage v  Gas engine
Wood (dry) 16.2 o
i m’f‘) turbinre
Bagasse 9.6
Dutta, 5. (2014) A review an preduction, stonee of Frydregen and its utilization 36 an
enargy msource. Jourmal of industrial and Enginaaring Chemistry, 204), 1048-1156. fevin, M., Shan, H. H., Bashis, B, igbaf, M. A, Shah, U. H, & All, M. U, (2023). Erviroreental assessmant of hydrogen Wtllzasion in various applications and alsemative renewable

sources for hydrogen prodhactione A raview. Enesgins, 16{11), 4348
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Hydrogen-Nuclear Synergy

SOEC/
SMR High-Temperature IO oo H2
Electrolysis ! renewable input Green Hydrogen
& E
1
B 2 ¢
Reliable '
low-carbon
electricity

High-temperature
heat

N i .y N f ™
SMRs provide 9 SOEC uses 9 Stable nuclear 9 Ihai!zq_d’s ?N("R
stable, low-carbon m nuclear waste 0 )\ output reduces c(:::ltel ;tr)‘/ studies

l baseload electricity I~ heat to improve = | the variability of ;
; , A @ % o (= opportunity to
r 0 and heat for hyt.jr?gen-productlon — renewable-power 77| integrate nuclear
electrolyzers. e efficiency. green hydrogen. © and hydrogen policy.
X Z N # N S i
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* Pink hydrogen from SMRs uses SMR heat and electricity to
split water via electrolysis or a thermochemical cycle

With an SMR load factor above 90%, energy is produced
24/7/365 regardless of weather, solving green Hz
weaknesses in continuity, cost, and land use

Pink hydrogen can be applied to

. zlt SAF (Sustainable Aviation Fuel)

) | _
e U, Green Ammonia

. 4 Seasonal Energy Storage

tal

* Pink H2 does not compete with green Hz — the two
complement each other in the future clean energy system

* SMR nuclear is the key to making the hydrogen economy
real at industrial scale

e
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National Energy Technology Center (ENTEC]
National Science and Technology Development Agency
Email: info@entec.or.th
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    2 H 2 +  O 2 → 2  H 2 O


   C x  H y +  O 2 → x C  O 2 +  y 2  H 2 O

