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Woe are on a highway to climate hell With our foot still on the aceelerator”
= Mntonic Guterres, UN Seeretary=@General of the United Neticons, =
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Natural
Greenhouse Effect

More heat escapes

into spacef

Human Enhanced
Greenhouse Effect

Less heat escapes

’.’ into space

Percent

*Source: William Elder, National Park Service.

Spectral Intensity

Major Components
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- OurWorldinData.org - Research and data to make progress against the world's largest problems.
Sulfur Hexafluoride (SFg) 22,800 Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).

*GWP: Global Warming Potentials *Source: https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data
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What Causes Human
Global Warming? Oneofthereasons ~ 66% 90% 95% 99.999...%
Human?? v v v v v 5
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established by
WMO and UNEP

Proltocol SRCCL ! Global

| Stocktake .—m

“| Z&st 5717
(Stronger Evidence)

—

“JIHHMo| =C}”
(Very Likely)

—— LD

“NeHMo| == =CP
(Extremely Likely)

— D

“o| ¢ o] 0{X|7} giC}”

Nobel Peace

N
w

ol | (Unequivocal)
2018 2019
® ®
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WMO: World Meteorological Organization (M|A|7|47|7#) IPCC: Intergovernmental Panel on Climate Change (7| stof| 2tst M52zt $19|H))

UNEP: United Nations Environment Program (UN & #|=l) UNFCCC: United Nations Framework Convention on Climate Change(7|=2}gieF)
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Carbon dioxide emissions worldwide in 2010 and 2021, by select country (in million
metric tons)
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34,905,112
34,775,156
30,422,589
29,006,534
28,623,105
12,531,900
9,868,739
9,579,376
8,176,631
7,788,771
6,934,967
6,920,461
6,797,741
5,984,233
5,670,916
5,442,966
5,214,198
4,801,448
4,792,421
4,748,200
4,699,387
4,691,884
4,631,823
587,096,541
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(1)
382,757
483,780
420,898
427,322
359,490
370,693
122,203
177,122
56,509
125,785
162,392
101,519
70,956
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76,329
34,526
100,847
108,023
103,844
106,417
25,974
56,668
25,189
80,758
77.508
7,379,646

Hi & A 4
(E C0.eq/TJ)
198
88
83
81
85
78
234
71
175
76
54
77
98
86
89
173
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50
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84
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58
60
80
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Carbon Border

Adjustment Mechanism

Productionin EU
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Production abroad

(The CBAM applies
to products in
these sectors:
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In Life

Calcium
Phosphorus

Nitrogen

drogen

Carbon

Oxygen

On Earth

(Earth’s crust)

TRarvaw; 1%

All others; 1%

Magnesium, I'%
Potassmm, %

Sodium. IN

Caloum, 4%

>> 75% of all mass in the universe

Relative elemental abundances in the universe

In the Universe

All others

Oxygen

Hydrogen
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Q. You talked earlier, Iron is abundant, Oxygen is abundant , Hydrogen is also very abundant in the universe.
A. Universe, but not on Earth.

Q. Do you think hydrogen has a role to play if we really want to accelerate the transition away from fossil fuels? |
A. No

Elon Musk talks to the FT about Twitter, Tesla and Trump | FT (youtube.com


https://www.youtube.com/watch?v=2cNLh1gfQIk
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Group =1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Period

1 2
(H) Hydrogen (1) He
3 4 i i 5 6 7 8 9 1110
2 | |l ge Hy:lroger! is thellgljte'.st element Bl &I IEI R Il
s T2 ound in the periodic table. 3112|5116 (17 178
Na [| Mg Al Il Si || P || S || Cl[|Ar
4 | 19|20 21 1122 ([ 23|24 (125 ([ 26|27 (|28 (|29 (|30 |[31]|32(|33(|34]||35]||36
K || Ca Sc|| Ti [[| V||Cr|[Mn||Fe||Co||Ni||Cul|Zn |[Ga]||Ge||As||Se ||Br || Kr
37 (138 | |39|(40||41 (|42 ||43 (/44|45 | 46 ||47 (|48 || 4950|571 |[52]|53]|54
5 1RBIIZR| |71 20 [|Nb||vol| T2 || R | R || P || Ag|[Ca || Tn || 20 || 35 || 75 || 1 || %o
6 [25(136 (*|71 (|72 (| Z3 (|74 || 75|76 || 77 || 78 || 79 |[ 80 || 81 || 82 || 83 (| 84 || 85 || 86
Cs || Ba Lu [| HF [[ Ta |[[ W || Re [|Os || Ir || Pt [|Au [[Hg]|| TI || Pb || Bi || Po || At || Rn
7 |87 (| 88 |*]|103(|104((105({106(|107(|108({109][110(|111|{112|{113]{114(|115[(116][117]|{118
Fr [|Ra |*| Lr [| Rf ||Db|[Sg |[Bh |[Hs|[Mt|[Ds|[Rg|[Cn[|Nh|| FI |[[Mc||Lv||Ts |[Og

*1 571|158 (|59 (|60 (6162 63| 64I|/65||661||67] 68/ /69I||70

La || Ce || Pr |[Nd]|[Pm||Sm]||Eu ||Gd|| Tb || Dy ||Ho|| Er |[[Tm|| Yb

*189 (190 (19111921193 [[94 (|95 (|96 |97 9% 99 [{100([101(]102

*Ac || Th || Pa || U [[Np||Pu |[[Am|{Cm||Bk || Cf || Es [[Fm [|Md||No

H, is so light that it can easily escape from the earth’s gravity!
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Hydrogen Atom 6 protons
A Highly reactive, existing in a compound with other

elements(like water & hydrocarbon), making it

electron

Q electron

@ proton hard to produce!
Qneutron
Carbon Atom
H H H H H H H H
| | A
a g SeSENe
H H H H H H H H

Fy
)

&1

pentane

H.O methane ethane
2 CH, CH,CH, or C,Hg
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Q. Why so critical of hydrogen fuel cells?
A. I’'m sure another pathway a zero-emission vehicles.

| don’t want to turn this into a debate about hydrogen fuel cells
because | think they are extremely sillyf

. . A .
... electrolysis extremely inefficient, extremely high pressure,
very low density, pernicious molecules, metal embrittlement,

extremely flammable, invisible flame ...




I1. OjiL4X]| mliz{C}le] &zl H, Carbon Free with High Energy Density

=factor G0
- | Kerosene . Energy
L0000 % gnergy Specific energy Density
M ource
Ethanol{ - JLPG Propane Mikg | whikg | whi
. Methanol ]
g LiOH-Nano- Wire J.l:u:_r_er}' .- H; hiquid f__:l Gasaline 46.4 12,888.9 | 9,500
= N gy O Cream ] ssfactor 18
T, 8 ! i 5
= LiOH Battery | ¢ - TNT H, 700 hMD Diesel 456 12.666.7 | 10,722
= 1000 L Ip,0;
— ] ' .3[5% Milk AvGas 440 | 122222 | 8775
i':'f; NiMH Hattery:;,
& NiCd-Battery [ Jetoil | 4315 | 11990 | 9600
& Pb-Battery —
@ . Q) - Liquid 141.86 | 39,4056 | 2,790.0
2 1 F——-—F 'TWhﬂEL‘*Q () Hydrogen | 119.93 | 333139 | 23586
= O Li-ion 0.36
g 300 bar compressed air Battery | ~0.875 | 1007243 | 250~730
o
é Tonnes of Oil Equivalent for Different Energy Sources
10
g 3.4
- H; 1 bar
'
L
1.3
1.2 1.1 1.0
1 0.5
1 10 L) Lo0n LoKoon L0000
mass specife energy E¥ [Wh/kg| H, LNG  LPG JetFuel CrudeOil Coal

3~7X higher energy density than fossil fuels, implying great potentials to replace them as new energy carrier in net-zero eral
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1. JYOIL XA 2. OjiLx| 2k Bl

42}: 1,000 TOE
2H,(g) + 0,(g) = 2H,0(/) L i i R

0 0
2000 20071 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2074 2015 2016 2017 2018 2019 2020

I OLX] 5 AL OflLix] 4% —— o] SR 2AEE

4. O] Eths $i2t H2tx] gl

Intermittent generation of solar power leads to excess supply

Excess




-

T (o] | Ol XS H
1. oL X] f2iCiAe] &= H,
o “ATA HFEME U HB LA TH” T E ‘ZROBRY A +LEF 20207 74 E| “2030 AeY AL AMA Y BE
FAANHI™MESE Sol| ‘TAEM M XX 2 £ 2517 TAEN ALS| AE OIX| O™, 40X 20t ME A SOCOH AL Mt AMAH S FX
L-?—| stA=ElS U &H M EZHOZ oFxt
I |
810,07 919,12 20,0707 20,72 8519108 922905509 22.05 22 .11
L EN Y EEY o PAH A 2 AT |2 XS HRLHA O3 7 | =2AIE 2 S YA BE TN 30 dE HE U E
AN IR Ol A M HE+A2 54, HE4+A 7|8 HE s MEfA =HE
& =0 T8 =4 7|8 0 MY X FE M FH HY+A & FH7|H oA
e AANZ EOo ZEstEsE AF e 2ANZ HEtASIY HEStSHE AF
— 20403 HAZF &4 5260HE 32 & — 2050 H8+A XAN=E 60% L dd+A 2EHIS 100% 2,
20304 4 FEItA 4,000 /kg & J2/E244 5008HE 22
- S™A S E /St AMMEEIA T — 20504 4, LZ2L|OF MA &N fRG| A|AH”H Jls 425 FX
e BM FELA L IZIX B FAANFFEY e ™44 NH HSIE 28 Al = oA
— MM AR, BNH0| 4T R FESA SH AE - BB MEA 24 5 HEeA o HEst 4l 2ATIA HIEZ 7| & HES+A
AN (Blue, Green =AM M AE235} 7|2 0|5) AISH =¢
— oL M35tst 7| 2 = MYUE TiA J|™H0| 4 - HE2=d844L E22 FXSH| foll 5 MUK A EEHeL B B A F
=2 355t +2 21 Jts
2 E2jf o« 2 AEE: Mobility ECHe} 4 BN, M4 A 20 HH &)

& Mobility S& Al

N



1. OfL4X] 2 CRie|

B 2oMEiA 24 O1M, UH) SAMMAE Y 5HL 7S

£28HA(13)

W

Elrlp TERI



1. Ofi4X] Zi2{CIL| &

A |9 O L 222, @ YL AMIRST, @ 2T A (54,5004 2)
o shs NEHHE, S4B - HTES NAME, (2, YT ¢8) 1244 Y4
i aref 7|k ol ZaL 1

a
o
%

The regions shaded on the map denote Regulation Free Special-Zones

Ammonia ImportTermlnaI LNG Hub Terminal
A 25 & . \ N
N4




1. OILAX] Zi{ChRie| X2t H,

& 2L EHAEHES 15

Samcheok LNG Terminal ‘ LH, Plant -




1. OILAX] TH2IC 2] T2l

0
®
12
Jok
4>
P>
]
é
Ral
30
Alm

0y

New Regulation
Free Special Zones

Gangwon |
(hydrogen 1!
liquefaction),

South North
Chungcheong Gyeongsang
(hydrogen - (industrial

energy g emp)

Daegu
(moving

North Jeolla ~ )
(carbon cooperative
convergence robots)
composite
technology) Ulsan
(genomic
services)
Busan
(eco-friendly
2024 2030 (Target) maritime
transport)

Revenue |1.5 trillion won | 12.6 trillion won
Jobs 4,390 57,374

New
businesses e pic
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(2021 ~ 2024, 3114)
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Storage Facility

Il. LH, Refueling
Station
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[ LH, Production Facilities: |

Pipes and Valves

(&

LH, Storage Facilities:
Tank

LH, Storage &
Transportation
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H, Production by | Metal Hydride Water Electrolysis (Green Hz)
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https://ccushub.ogci.com/ccus-hub-search/




Combustion CO,

Process COz FOSS“ Fuel - Heat + C02 T e . 3
CaCO; = CaO + CO, Storing in

the cementsilo,
e Cement grinding //
e Blending e L e
- il
s
\

\
S e Cooling and storing
o

—

PR
’e Clinker production -

in the rotary kiln
Precalcining _ . ~~

-

J|E . -
| Ef ating
R T e b
> i Combustion CO, ;
Quarries ( E i
Prehomogemzat.aon. Caco, + energy — Ca0 + co,
and raw meal grinding ' I
e . G s A -— : :
; Process CO, ;
v,

0 Quarrying
raw materials

*Source: The European Cement Association
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Solar-to-Green Hydrogen
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CO, Emission 2, CO, UEE= #& (Microalgae Cultivation)
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Phytomedicine, 2022, 105: 154352
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