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Energy
Source Material
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H2 Production Method
(and associated requirements)

Reformation Using
Carbon-Based Fuels

Electrolysis Using Carbon-
Based Electric Sources

Carbon

Sequestration

Methods supported by
existing electric utility assets

Electrolysis Using Carbon-
Free Electric Sources
Electrolysis Using Nuclear
Electric Sources

Thermo-Chemical
Dissociation

Nuclear Waste

Disposal

Hydrogen

<
Futu Thermal Dissociation Thru
Wiae Solar Thermal Sources

* 22| : NREL, Electrolysis: Information and Opportunities for Electric Power Utilities
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Projects per region:

126 Europe . 3 . ) ,g.. 5‘0 .
46 Asia [ ( » @ \
24 Oceania I ggl 8

19 MNorth America

8 Middie East and Africa k-

5 Latin America 2 2 8announcad projects
. 17 ®90 53 ®45 @23

Large-scale industrial Transport: trains, ships, integrated H, economy: Infrastructure projects:

Giga-scale production:

usage: refinery, ammonia, trucks, cars and other cross-industry, and H,, distribution;
renewable H, projects 3 g 5 5
power, methanol, stes!, hydrogen mobility projects with different Iransportation,
>1GW and low-carbon Hs >
Jects and industry feedstock applications types of end-Uses conversion, and storage
>200 kt p.a.

* 22| © Mckinsey&Company(2021), “Hydrogen Insights”
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e _) Co, (€O 1 TRANSPORT vehicles
Renewable Electrolyser I o
electricity l INDUSTRY &
PR 9 4 R
rains
Storage Methanation Blending
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Gas grid (>650°C)
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* 22| : Markets and markets(2021), “Hydrogen generation market”
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Reformer Cooling
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Alkaline Electrolysis
Cathode - | + Anode
H, !
OH- vathy
H,0O
Cathode F Anode
Diaphragm

Anode: 20H — H,O +120, + 2e
Cathode: 2 H,O +2e-— H, +20H"
Overall cell: H,O — H,+ %0,

[ M71Z3tol 21t

L EP(ENCE )
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20| ygoz
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Solid Oxide Electrolysis

Cathode - i |+ Anode
H, o = %0,
H,0 \"'
Cathode 2 Anode
Membrane
Anode: 0¥ =10, +2e
Cathode: H,O +2e” — H, + O

Overall cell:

H,0 — H, + %2 0,

Microbial Electrolysis

Cathode - + Anode

Hydrolysis of
cellulose
_Glucose

= Lignin

Cathode

Membrane

Anode: CH,CO0 +4H,0 — 2HCO* + 9H" + 8¢

Cathode: 8H" + 8¢ — 4 H,

Overall eell: CH,COO +4H,0 — ZHCO*+ H" + 4H,

* &2 : Materials Science for Energy Tech(2019). “Hydrogen production by PEM water electrolysis - A review”
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JX NIPPON OIL & ENERGY(XTG)= Chiyoda Corporation, =RCH&, Queensland University
of Technology(QUT)Qt =22 st HEOZ2 £AE 226t Organic hydride?|28 ZAZ

Green Car Congress(2019), “Stanford researchers develop new electrolysis system to split seawater into
hydrogen and oxygen”
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JXTG (organic hydride electrolytic synthesis technology), QUT (high efficiency tracking
solar photovoltaic power generation system), Chiyoda (dehydrogenation technology) 7|&2

JjgioR, Eatfstavt 44 3ZYS TEAe 22 SEE TSATE UV

A =]
F4 HIES

271 2l OIE Ato|Z2= AMCH)el dit 388 542z 5iH, 0
"Electrochemical synthesis of organic hydride" & MCH AiAH2HH|Q| 50% H|ES ZZidt

22 TOKYO GAS
CO, & AUSH st A= (fossil fuels) L CO, Z|5tAZ(CO, underground storage)2 7|Bte2 St
SAMAMEHS ISt S
U2 TOKYO GASE EfY L I Z2 A 7ts OHZ|HoIN HEHE HI|E AIESI0 22
7| 2aliotl £AE Mitels YAS 2|8 £ AH 7tA O MEH} 22 HH|E $HA ARO|AM
A5 MAMSIT 0] ZHON LEEZ HiEE CO,E 22/43ste EAx o HAYHS
AESHH CO,E Z5tol| HEAIZ|1D US

[ Y2 TOKYO GASS| $AMAE HEA |

Solar power

Wind power

Geothermal power Hydraulic power
Renewable energy

-
MNatural gas Coal

Electricity

COsfree- hydrogen

>[ CO:free- hydrogen ]

Fossil fuel

* £%] . Tokyo-gas At EHH|0|Z|
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