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System Gravimetric Capacity
Usable, specific- 20
energy from H (net I((I:Nhl_{kﬁ( 1.5 18 22 ’
useful energy/max . itein) & (0.045) (0.055) (0.085) Haas0bar)
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https://www.energy.gov/eere/fuelcells/doe-technical-targets-onboard-hydrogen-storage- R. Pedicini et al., Energies 16, 7 (2023) 3111
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BOP
6%

Housing
6%

Winding
7%

Cost breakdown of a Type
4 700 bar Htank

C. Houchins et al., Hydrogen Storage
Cost Analysis, 2022
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Solar panel costs have fallen by around 20% for every doubling of
global cumuallive capacily

Costs are measured in US dollars per Watt, adjusted for inflation.

Our World
inData

1975 %+ 2022

Solar PV module cost

1MW 10 MW 100 MW 1,000 MW 10,000 MW 100,000 MW
Cumulative installed solar PV capacity
Data source: IRENA (2023); Nemet (2009); Farmer and Lafond (2016) cCBy

B Low-Volume [Current Estimate)

Fuel cell R&D

. High-Volume Projection

O 2030 Target

All costs based
on 52016

Hydrogen Technologies R&D

Fuel Cell System
(heavy duty vehicle)

g $323/kw

1k/yr

$227/kW
10k/yr

$185/kW
100k/yr

O s$80/kw

*Based on 275 kW Heawy
Duty Fuel Cell System
Cost analysis (2021),
adjusted to reflect cost of
system that meets 25,000
hours durability

Neutrons for Sustainable Energy; Hydrogen Storage

Production Cost
(electrolytic hydrogen)

$7/kg*

$5/kg*

$4.50/kg**
$3.50/kg**

O si/ke

=510 7 cents/kWh, 80%
capacity factor at
51500/kW

**5t0 7 cents/kWh, 30%
capacity factor at
S460/kW

Delivery &
Dispensing Cost

Liguid tankers
& Tube trailers

I $11/kg*
$9.5/kg

I Liquid tankers
& Tube trailers

Sslkg**

$5/ke

O s2/xg

*For range: Delivery and
dispensing at today’s
(2020) stations with
capacity ~450 kg/day
**For range: Delivery
and dispensing at today’s
(2020) stations with
capacity 450-1,000
kg/day at high volume
manufacturing

Onboard
Storage Cost

(700 — bar
compressed system)

m $21/kwh

10k/yr

$16/kWh
. 100k/yr

O s9/kwh

*Storage costs based on
2019 storage cost record

U.S. National Clean Hydrogen Strategy and Roadmap, 2023
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Final pressure (MPa, 1 MPa = 10 bar)

A. M. Elberry et al., Int. J. Hydrogen Energy 46, 29 (2021) 15671

Neutrons for Sustainable Energy; Hydrogen Storage

80

Hydrogen
= = = Helium

Methane

Adiabatic

Multi-Stage

= = = |sothermal

17



)

O
G)
2%
§§

N A Pa

+
o
Q
(D¢

JHI 8 OG

AT o JT1

L e BRHBEC AGHO0O0T 27 ¢ GHOl 2a8E3GH HECACEI 2, . . .
g; I:' C E ¢ a C,) ’9 I:bE O a,\ | O H e A ’9 g:\' H C_, HTablel Comparison of compressed gaseous hydrogen vessels. Note: plus signs
% H ﬁo % % % 6 (,; |C:|; Q 9‘ :g % R % €5 8 CU; 2]'91 CE;aremtended to give a qualitative assessment of the respective features.
é Hee? ¢ éHéCA;ODE
Vessel Structure (liner and Hydrogen Weight Ratio (per Cost
p : e . A R . L ~ Type wrapping) cent)
e AIKADESaO0H, 07301 OE3J —— —— 1 .
1 ¢EUGO3CEDa0¢ GGAINEOERI Ca™ e
| 0 AO E é EQ O% HC %l | | G él %a ¢, Typell Metal and Composite 1,5-2 ++
Type 111 Metal and Composite 4-5 +++
. |, e O‘f@t{]—ﬂtb@ U é~i :90 é A O E,%HDT T TType \Y Polymer and Composite 4-8 -
| CaecGeHORCI HOEQU ¢l OET 9Eeaa@®@gl cGHILAUIRELUEHE | U
aE¢gadaeluéHI 3Ca?9Hae0O320¢é AOE
jeomH 0l 2] casgeGeRNOIéH Twer Type 11 Type 11 Type IV
JE¢eeO03JeHae9¢ I ¢ EECATINI
GeQuldt 3"¢CEOQO2GOAGeHe | O3H
< A O ’9 e O E a O Cl E eue H I % IJ G ’9 I e ] Metal Bl Composite (fiber + resin) B Polymer

D. I. Kis et al., Int. J. Hydrogen Energy 50(A) (2024) 236

9.12.2025 Neutrons for Sustainable Energy; Hydrogen Storage 18



Type IV 60 bar storage vessels
MAHYTEC, QUADRHY tehcnical datasheet

1200

s o
R T Type | 35 bar 1 frstorage vessels Type IV 700 bar storage vessel
1000 bar gas Cy|inder bundle H2CoreSystems, GH2 Tank dtemcnical datasheet M. Fiekiewicz et al., Hydrogen Onboard Storage

. . Technologies for Vehicles, 2023
Hexagon Purus, 1000 bar stationary storage bundle, tehcnical datasheet
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Compression of H, storage H, Dispenser
H, gas - 450 bar - 450 bar 350 Im'r'

M OE

Properiies of 700 bar storage tank system
Tank Type IV
Density of H, @ normal pressure =-a
and temperature conditions e
Density of H, @ 700 bar 42 kg'm’

Storage volume (for § kg H, @ 700 25-Wnr
ba

_ S > ; = ; . . . - S NN ol
Low pressure H, Storage: g : ' uel cell car range (for 6 kg H, @ 500-600
fube trailers, H, transferred we - 799 bes) o
onsite tank or cylinder racks '

Compression of H, storage H, Dispenser
H, gas ~ 850 bar ~ 850 ba 700 bar

H. Nazir et al., Int. J. Hydrogen Enet§y(2020 20693
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L. Lankof et al., Int. J. Hydrogénergy 45, 38 (2020p479
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=
J rock salt layer top ﬁ
top safety pillar e
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<
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_cavern wall I
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v 1L
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Total Cavern Storage Capacity [TWh]

D. G. Caglayan et al., Int. J. HydroBeergy 45, 11 (2026)/93
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Breakdown of Main Capital Costs
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XéAOOJECI @ i = ¢
ZT1 1 M3axkupadi I+ U M AN e
s250 H
x ¢ GHD1 ¢ i OEAQ .l
75 100 200 250 300
Z 1- @ H ’9 D Xdl B IH A I_E ’9 5 u Max Storage Pressure, atm Misc. Costs
ss00 Breakdown of Main Capital Costs  Breakdown of Capital Cost, (150 atm P, )
’ Z1Underground 1 Above ground Eui':'rw
11 Brine disposal Permitting
_ % _s400 - 38 y s38
§ _ ?, 5.9
Y 40 ;‘?'sao.o | 139 ‘
5 £ s108
@ 30 & e
g §$zo.o 11881 |
o 20 'g. il
g ¢ $10.0 - $21.4
] $16.0
@D 1ot
z $0.0 -
= 0 . 00 \;o/ 140 170 190 Bring Costs
30 40 50 60 70 80 90 100 MAX Stosge Prstae; st MIT=Mechanical Integrity Testing
Rock Mass Rating (RMR'89)
R.K. Ahluwalia at al., 2019, System Level Analysis of Hydrogen Storage Options, Argonne National Laboratory
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100% r :
. I p-H2=99.8 % 25 -2 -200 -175
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[ Tem ature @ . .
: emperature UCl 1ha Engingering ToolBox
c i . W EngnainagTooSon com
8 Hydrogen phase diagram
i 40% 'E
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M. GardinekE Energy requirements for hydrogen gas compression and liquefaction as related ta
vehicle storage needsDBOE Hydrogen and Fuel Cells Program R&tafg
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Source : Messer Griesheim liquid level gauge electrical heater
for pressure regulation

Kennedy Space Center Cryogenic Test Labord&sign of an LH, tank for mobile applications, e.g., onboard fuel
active cooling system to keep Lid liquid form storage
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