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<Aoo MEHAIY EECRM EX] @ Technology Roadmap (H2 & FC), 2015, IEA>
L Power or " e . .
Application capacity Efficiency Initial investment cost Life time
Compressor B ado -
(70 MPa) 80-91% 200-400$/kWH?2 20 years
Liquefier 15-80MW ~70% 900-2,000$/kW 30 years
FCEV
33-17$/kWh
on-board B Almost 100% :
storage tank 5-6kgH2 (w/o compression) (10’023 dj;: q 503’00;3””8 15 years
(70 MPa) P pery
Pressurized B Almost 100% B
tank 0.1-10MWh (wlo compression) 6,000-10,000$/MWh 20 years
Liquid storage | 0.1-100GWh Og%ﬁgzssggfrg;y 800-10,000$/MWh 20 years
959 Rural: 300,000-1.2 M$/km
Pipeline - w/ com r"ession) Urban: 700,000-1.5 M$/km | 40 vyears
P (dependent on diameter)
- BAFAE H7|del A Aol Jhestar, olo w2t A8y A
FaoA AHE 7HAL Jlon, e 25 7|E 1Y Z|AFL] HIE)
Zik g Aol g
SS9, vy 2AY ouA AgUEs} b =3, B85S s g2
Aol Ba glo] B o A Fgol b FHol S

Organic Hydride

Liquid Hydrogen (methylcyclohexane, Ammonia
C7H14)
Molecular weight 2.016 98.19 17.03
Boiling point (K) 20.3 374 240
Density (g/cm3) 0.0706 0.769 0.682
Mass hydrogen
density (mass%) 100 6.16 178
Hydrogen density
per unit volume 7.06 4.73 12.1
(kg/100L)
Technologies Hydrogen React toluene with hydrogen arr?m}rwgs?rgm
required in liguefaction to produce hvdrogen and
production regions |equipment is needed methylcyclohexane y nitrgogen
Technologies Dehydrogenate Combusting

required in
consumption regions

Evaporate and
gasify liquids

methylcyclohexane to
separate out the hydrogen

ammonia as is to
extract energy
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12.00
10.00
8.00

6.00

Market Size (USD Billion)

Axial Centrnfugal ' Remproca_tmg |

6.38 _ 5.89 5.77 \
8.36 ' 8.03 7.62 |
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<gF7| SFY i MY 72 ¥ M2 EX 2021 MarketsandMarkets>

A He 54% s, 2021
TR 2 Ao dq5HY o] T d4d HE
j

e}
1589 &2 (ef 1584
- - o
A7l Ao Ak JxQl 739 2 73292 d4H
CAGR ATTRACTIVE MARKET OPPORTUNITIES
5‘% = The global turbocompressors market is projected to reach
usp USD 15,806.1 million by 2021, from USD 12,152.6
15,806.1 ! million in 2016
; Million
ﬂ% 6 = Market growth can be attributed to the increasing LNG
ey -0 .
Million trade between nations
= Emerging economies, such as India, China, Saudi Arabia,
and Mexico, represent a promising opportunity for the
turbocompressors market
. = The manufacturing sector also offers lucrative
2016 2021-p opportunities
<HEHT| s AlZ M2t 2021 MarketsandMarkets>
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NORTH AMERICA
32.6%
% 4.7% MIDDLE EAST
14.1%
% 56%
AFRICA
3.9%
LATIN AMERICA
% 3.7%
. 6.0%
% 3.8%

<HEAR7| X9 AME 72 & AE, &

('@E)L °F 10%°l siFsh= 169 22

CAGR

6.4+

increase of USD 4.5 billion.

2020-e 2025-p

<SA2 MH| s AlE 72 X MY, EX

’

_14_

EUROPE
17.9%
% 45%

ASIA-PACIFIC
25.5%

% 73%

. Market Share %

@ cacrx

X : 2021 MarketsandMarkets>

N ZWES AAE ZAL MU AL AYH 64% FAste], 20259
1719 ge(e 171249) 7R/t 2 AeR dEHn, oF %37
(oF 1.62%) TR/ 2 AOE did

= The cryogenic equipment market is expected to reach USD 17.1 billion by
2025, from an estimated USD 12.6 billion in 2020, registering an

= The market growth can be characterized by factors such as high demand
for industrial gases from end-use industries and infrastructure
development for catering high LNG demand.

= The cryogenic equipment market in Asia Pacific is relatively large as the
region is the largest manufacturer of steel and electronics, which reguire
cryogenic equipment for supervising the industrial gases demand.

= Increasing number of space missions and innovations in cryo-electronics
offer lucrative opportunities for market players over the next 5 years.

A : 2021 MarketsandMarkets>
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2020-e 6,663 1,950 1,499 1,320 1,127
2025p 9,412 2,581 2,058 1,632 1441

<FAN=2 Md| SFYH i AlE 2 2 MY =X : 2021 MarketsandMarkets>

= By,
29.4% 12.2% 23.9% 10.2%
NITROGEN ARGON OXYGEN OTHERS
CAGR - 5.6% CAGR - 6.0% CAGR - 6.8% CAGR - 7.8% CAGR - 4.7%
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I MR T MMUAMN FE MY
TE £ AHA SRS TE A QU A
AL & v oF 3,000 ¥ ok 1,200 ¥ ok 3,000 ¥ ol
Azl 2022022(3)1@) 25%(101;54) 25%(20“;1) 25%(30“;1)
oA 24 cuEBY SESIPEN SK(F)
Z 3R (Linde) (Air Liquide) (olH) (Plug Power)
T L=k 30 ton/day 5 ton/day 30 tonfyear 90 ton/day
NEEM  S=EIAATA(21. 2)
WeF 4203 SAEL DHUAREIE AT £ 2L S
FoF JEFLUEZY @ 4L FEE) T wE g7 #9
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PN
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n-H; compressor

Low stage __.|;®_ @.__High stage

Feed from air separation plant | Medium GN; LN;
21 bar, 25°C, n-GH;, and 5 TPD . S‘Bgﬁ ? *
’ -k —— R
HX1 | ‘ S
Adsorber '
HX2 | Je-195°, 1.1 bar
193°C” (B 1 | j202°C
0-p conversion Components
HX4 1. Liquid nitrogen pre-cooling.

2. Separate refrigeration cycle
with n-Ha.

3. o-p catalyst filled into the
heat exchanger channels.

1 t 4. Ejector to recover p-H; from
| storage tank.
5. Three expansion turbines.

-243°C

0-p conversion

-243°C
jector

To front end
ront e £

From trailer 5

L LH storage tank,
1

3 \J T valve, H; expands to -251°C
.3 bar, -253°C, pLlH,, WEJ

<leuna T3t =& (Linde)>
© The World Energy NETwork (WE-NET) project (¥ )

- M e AdyAAdd7IEEd 7T (NEDO) TASE 40
TA 2P A A 2Hl 7]&(WE-NET) Z2AEQl 3
M-S S mzHA FF3Y, 48 Air Liquide ¥ 244 5 370
A EEst HE

- TFARAZEHEY dA|F4 e AA HU/] oF 300 TPDE Z3=E
MDA A4 Pre-cooled T4 Claude AkelE, @F Brayton Abo|E, &3

Wl Abo]lZ B U2 Ato]F T 4709 Atol Fol tigk AAE X

- 24 Claude Ato)lE3 OMR BA| A AAst YFAO|ZF 2FOR
TAAE FAASFAY A9, 3 dsla s FIEX = 40% oY

<474 Ato[Zof et A 34 Atz E>

\ H, g;léde He g;gly;tan Mngydc IF:ef. Neon Cycle
Feed H, Pressure (MPa) 3.04 3.55 3.04 5.07
Recycle High Pressure (MPa) 4,05 3.04 5.07 5.07
Required Power (MW) 109.4 107.6 124 105
Process Efficiency (%) 452 46.0 40.0 47.0
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HEE 362 362 724 724 362 362 2,896
s 1,265 2,174 3,468 3,468 174 174 10,723
AL 373 464 808 808 264 264 2,981
A 2,000 3,000 5,000 5,000 800 800 | 16,600
o Fadsg adAddFr] FHEAVE
(=h9) ;W)
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Q1 217 217 217 217 144 144 1,156
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233 198 198 198 198 129 129 1,050
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o Fadsg qRdAAFr] HAsHS A<
GERR L
T 1Id= 22d = A= AAPA = SAA = A= A
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AT 1,009 1,372 2,559 2,559 252 252 8,003
AL 312 339 717 717 314 314 2,713
g = 1,700 2,000 4,000 4,000 1,000 1,000 13,700
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