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Storage and Transport of Hydrogen: Key Challenges and Solutions

Lowest Energy density (Mj/]) Hydrogen storage area ratio compared to gasoline storage

HydrogenhastheIowestenergydenmtycomparedwﬁh 001 2 3 4 5 6 7 8 9 10 11 12 13 14 Energy
other fossil fuels (0.01 MJ/L* for gaseous H,) density

» Hydrogen requires very large storage area and

- CGH2 at 350 bar 10.7 times more space
transport system to handle large guantity g
*MJ/L: Megajoule per liter >
’b@;
6.9 times more <
Solutions: increasing pressure to compress hydrogen or lowering CGH2 at 700 bar space @%
temperature to liquefy hydrogen or a mix of both processes or a ,_}9

chemical conversion to ammonia &
e - \rb(% l\iJ?L
Q’C\ =
Cryo-compressed ‘;\ N
Hydrogen CcH?, -235 €, 300 32 times @ == 9.6
CcH, bar more space zo‘?
A\ .

MiJ/L
31.2
Gasoline, 1 bar =1

MI/L

Source: OAPEC Gasoline=1
quumed Hydrogen Ammonia
NH3 O Specific material is needed to contain compressed or liquified hydrogen
O Extra energy is needed to liquify or compress hydrogen
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Hydrogen Transportation Pathways.. Four Potential Pathways

Compressed Liquefied - ‘
Gaseous Hydrogen U Hydrogen ﬂ > ke
CGHZ -253°C ;

. 1 S\ Gl
Conversion . Compressmn‘ . Liquefaction E Ammonia & Hish Hydrogenation
1 [ .
;_l—|_—/ i m 7:‘;‘: EE Deep Cold ) EE I e 8 (u Bin dll g to -?;lcu)
= I .. i \ ‘
' b 4 & = J
! 1)
i New or i Standard Commodity Chemieal
Transportation E Somedt :. Tankers Ei s e :: ; Tankers Carrler
T } =
G L ripelines iy EE H
e ! Reconditioned / i
| orHyready | :: \
H

' Ammonia
Cracking

Re-conversion

Thermal Decompositi
lcanl Recycling

ghydrogenatlon

Regasification
Warming for

The

ermal/Catalytic D.c ompositio

ONONONO

Grid Injection ;
i E
Purification Yeeerty | 11|/ | Purification {Punficatlon
:: Membrat Sap raﬂ Distillation l
G | - e e——
Source: OAPEC Pure H2 ready for Use H, e ||[HH]|I |
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Total Energy Requirements for each Pathway

CGH. LH, o MCH X X
Parameter (Compressed Gas  (Liquefied = Total energy requirements in MJ/KG of Hydrogen
(Ammonia)
Hydrogen) Hydrogen) (Methylcyclohexane)

Boiling point
at atmospheric pressure -252.87 -252.87 -33.34 101 70 60%
(°c)
60
Volumetric hydrogen 50%
density 49.4 70.8 120 47.1 50
(kg Hz/m? of carrier) 40%
. 40
Energy used in 30%
hydrogenation / Conversion - 15.1-57 6.73 1.8 30 °
(MJ/kg Ha)
20%
Energy used in reconversion N/A 2.16 30.67 43.38 20
(MJ/kg Ha) ’ ’ : 10%
10 °
Energy consumption for
Loading/Unloading(MJ/kg 10 0.00196 0.00196 0.00196 0 0%
Hz) CGH2 NH3 MCH LH2
17 26 W Energy Consumption, MJ/KG ——% of energy content in 1 Kg of Hy
Total energy required for . =
transport stage (MJ/kg H.) 10 59.16 37.40 45.17
Source: OAPEC
5 13th Session of the UNECE's Group of Experts on Gas
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Levelized Cost of Hydrogen Transportation

Levelized cost of hydrogen transportation taking into consideration all energy
requirements during conversion/reconversion/storage processes

The most Expensive Option :
! Liquid Hydrogen using Tankers
Al

i e oenz Up to $11 per KG

12 LH2

10

$/Kg of H2 equivalent
=

4 The cheapest Option :
. Gaseous hydrogen using
2 Pipelines
N [ ] . . [ - Down to $1 per Kg

Upper Limit ~ Lower Limit  Upper Limit Lower Limit Upper Limit Lower Limit Upper Limit Lower Limit

M Storage and Transportation M conversion M reconversion
Source: OAPEC
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Projection of Hydrogen Transport Cost in $ per KG by 2030

Projection of Hydrogen Transport Cost s per Kg by 2030
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Economy
7 LH2 LOHC Ammonia of scale
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H Lower Limit -* Upper Limit standardization
Source: OAPEC based on Data from IRENA and IEA
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