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Fossil fuels Renewables
Share of primary energy Share of primary energy
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2030 2035 2040 2045 ) 019 2025 2030 2035 2040

Electricity Low-carbon hydrogen
Share of total final consumption Share of primary energy used in production of hydrogen
B0 %
Accelerated
—o— MNet Zero

New Momenium

2035 2040 2045 - 2018 202 2035 2040

Energy Outlook 2023, BP.
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Bernard Marr, Forbes 2022.



Global CO, Emission

Power Generation Renewables,
Efficiency,
CCS

Transportation Electric cars

Industries

Cooking

Others

Global CO,, |[EA 2022
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Energy Source

Energy Supply

Energy Dependence

Energy Security

Energy Sustainability
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22 M (Hydrogen Economy) AlCHe| =2i

B Fossil fuel Era till 20t Century
B Abundant Resources

B Easy mining and drilling

F Inefficient use

B High cost of mining and drilling
F Pollution

® Oil Era from later 20t century
B Efficient use

B Diverse usages

F Pollution

¥ Geography dependent

F Depletable

‘h-#'-—-&

=d/

B H, Era in 21st Century

B Efficient use

B No pollution
Technology dependent
High cost

Transport and storage
Safety
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Hydrogen Economy, ) oM Bockris, science 176 (1972) 1323

Off-Shore wind / Nuclea Power

Electrolysis, on site

Transport, ship/pipelines

Industries and Electricity with Fuel Cells



Production of H,, worldwide, projection,

|\_/1 tons
Green hydrogen Blue hydrogen
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Global hydrogen production outlook by type 2015- 2050 11
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H., Color

Green; Produced with No CO, emission-2 X{ 4 0| LA X| M 7|, 4= 3}
Blue; Steam Reform form CH,-Et2~ 20| E==-L ow-Carbon H,
Gray; Steam Reforming-No Carbon Capture and Storage-/& 2%t =
Black or Brown; A EIO|L} ZEIC 2 HEH A2 A _Green?|  HC{
Pink; R AtES(T7|LF €) O] 8¢t =715

Purple; X S(€) 0| &%t =2| chemo-thermal electrplysis

Red; & A& S 0|82t 2| 112 catalytic splitting
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STEAM METHANE REFORMING

NATURAL GAS
AND STEAM
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Electrode

PECs photo-bio

SMR

HIEt 7§ (SMR; Steam Methane Reforming),
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Water Electrolyser(3715}) Fuel Cell(H 2 FX|)
Solar Power e e
Anode '._.||.__. Cathode e e
A | '-ll- '| Cathode
 " Anode |
Membrane

Wind Power Membrane

Water to H; with high efficiency

Nuclear Power * Low cost, efficient electrocatalysts

e Durable electrodes
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cerium oxide two step cycle copper chloride hybrid cycle
Dissociation: 2Cu,0Cl, - 2CuCl + %0,
concentrated concentrated Hydrolysis: 2CuCl, + H,0 - 2Cu,0C, + 2Hcl
o sunlight sunlight Electrolysis: 2CuCl + 2HCl - 2CuCl, +H,
2 net reaction: H,0 - %0,+H,

"'-' <—— Solar Receiver

W <— STCH Reactor

\ STCH Reactor 6 <— Solar Receiver
‘ Electricity H
sotar) 2
wate \ gas
Parabolic Dish r
Concentrator 2HCI W, electrolysis j
mmm DL: D Reduction: 2Ce(IV)0, - Ce(lll),03+ %0,
Heliostats Heliostats D:i"“":t’_“ ceg“gzs ;gz‘:: 2Ce(IV)0; + H, 2cucl, ‘
net reaction: H,f 2+ H,

lar dish d Iver/reactor

(a) Central receiver/reactor tower with heliostats (b) Mod
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Electrofyle Paste
Carbon Rod

Cathode Mix
Saparator
Electrolyla
Megative Teminal

" Ancde
Elecirolyte

https://americanhistory.si.edu/fuelc
ells/basics.htm
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Global Electric Vehicles

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

@mChina BEV OChina PHEV @ Europe BEV O Europe PHEV
@ United States BEV O United States PHEV @ Other BEV o Other PHEV

Global EV Outlook 2023, IEA




Number of fueling stations

Global hydrogen fueling stations as of 2022

Note(s): Worldwide; US Department of Energy; Hydrogen Tools; September 2022
Source(s): US Department of Energy; Hydrogen Tools; ID 1026719

DGIST

Pa=snEdisal
Daegu Gysongbuk
Institute of Science & Tochnology




21CH Nexo (2%t suv) Toyota Mirai (sedan)

Toyota FCV 2015 Al A=
$50,000
2023 T Mirai 2.0 =A|0f°d

2019'8 = A|
$60,000
ZFal7{2]: ~600Km
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Heat, Light
Electricity

1

Photosynthesis
Photocatalytic
Photoelectrochemical
Dye sensitization
Photovoltaic
Microbial
(photosynthetic)
Kalina cycle
Hydrolysis of cellulose
Biomass

Biofuel

Heat pump

STCH

And more imagination
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