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0 Molecular cages of water that trap small guest ”ﬁ%
molecules at suitable pressure and temperature ‘Q’

O Similar to ice — ice that burns or combustible ice
(1 m? of hydrate contains 170 m3 CH,at STP )!
U Major natural gas components (CH,, C,H¢, C3Hs...)
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Challenges to
Overcome:

Formation step
QO High pressure requirement
in the range of 8-15 MPa
O Low temperature (~1 C)
required in formation step
O slow kinetics of hydrate
formation
Storage step
0-20 °C is an energy
intensive requirement for a
large scale deployment
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* LNG: Not an option for long term storage due to continuous boil off
and extreme low temperature requirement

Thermodynamic Hydrate Phase Equilibrium and Challenges

4 Water-NaCI-CH, (Englezos, 1990) = Seawater-THF-CH, (This work)
v Water-CH, (Adisasmito et al.,1991)«  Synthetic seawater-THF-CH, (This work
® Water-THF-GH, (Kumar et al., 2018)

Volumetric storage, v/v
(volume of gas/volume of hydrate)
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Pathways for Natural Gas Storage and Transportation

‘ Natural Gas Storage/ Transportation |

—— Sea water_5.56 mol% THF_CH, at 7.5 MPa
—— Sea water_5.56 mol% THF_CH, at 5.0 MPa
— Sea water_5.56 mol% THF_CH, at 2.0 MPa
—— Sea water_5.56 mol% THF_CH, at 1.0 MPa
<« Cooling

Heating

(a)

L ~

Pressure (MPa)
(%] »

N

-

Prospects to Storage and Transport Natural Gas While Using Natural Seawater: Clathrate Hydrates

QLSS

Hydrate Formation-dissociation Cycles in Seawater along with Onset Formation Temperature
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Methane Uptake (volume of methane stored/volume of hydrates) and Stability of hydrate pellet
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