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Effect of gas hydrate process on energy saving for reverse
osmosis process in seawater desalination plant
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Abstract : Gas hydrate (GH) process is a new desalination technology, where GH is a non- stoichiometric crystalline inclusion
compounds formed by water and a number of gas molecules, Seawater GH is produced in a low temperature and a high pressure
condition and they are separated from the concentrated seawater, The drawback of the GH process so far is that salt contents
contained in its product does not meet the fresh water quality standard, This means that the GH process is not a standalone
process for seawater desalination and it needs the help of other desalting process like reverse osmosis (RO). The objective of
this study is to investigate the effect of GH process on energy saving for RO process in seawater desalination, The GH product
water quality data, which were obtained from a literature, were used as input data for RO process simulation, The simulation
results show that the energy saving effect by the GH process is in a range of 68 % to 81 %, which increases as the salt removal
efficiency of the GH process increases, Boron (B) and total dissolved solids (TDS) concentrations of the final product of the hybrid
process of GH and RO were also investigated through the RO process simulation to find relavant salt rejection efficiency of the GH
process, In conclusion, the salt rejection efficiency of the GH process should exceed at least 78% in order to meet the product
water quality standards and to increase the energy saving effect,
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Fig. 1. The concept of gas hydrate (GH) based seawater desali-
nation process
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Table 1, Water quality expectation for the product of the gas hydrate (GH) process according to the salt rejection rate of the GH

process
Ton(mg/) Seawater Salt rejection rate of the GH process
70.0 % 78.1 % 82.7 % 85.0 %
Ca 410 124 115 74 64
Mg 1,310 397 307 236 204
Na 10,900 3,303 2,322 1,962 1,694
K 390 92 76 39 28
Ba 0.05 0.02 0.01 0.01 0.01
Sr 13.0 4.4 2.9 29 2.6
Fe 0.02 0.01 0.00 0.00 0.00
Mn 0.01 0.00 0.00 0.00 0.00
Si 4.0 1.3 0.9 0.9 0.8
cl 19,700 5,802 4,334 3,349 2,858
SO, 2,740 807 603 466 398
F 1.4 0.5 0.3 0.3 0.3
Br 65.0 21.9 14.3 14.3 12.8
NO, 0.7 0.2 0.2 0.2 0.1
HCO, 152 51 33 33 30
B 5.0 1.8 1.3 1.2 1.1
TDS(mg/1) 35,091 10,605 7,810 6,179 5,293
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Scenario P1(bar) Q1(m?/h) P2(bar) Q2(m?/h) E(%) C,(mg/1) B(mg/1)
N-SWRO 58.4 46.3 0 0 100.0 121.9 0.81
I-SWRO 59.8 21.1 2.7 25.2 49.2 125.3 0.83
T-SWRO 39.8 46.3 0 0 68.2 121.9 0.81
GH(70 %)-BWRO 24.5 29.8 8 12.7 30.8 203.8 1.46
GH(70 %)-BSRO 27.7 29.8 4 10.4 32.1 165.3 1.22
GH(78 %)-BWRO 20.6 26,7 10 10.2 24,1 190.1 1.13
GH(78 %)-BSRO 24,3 26.7 6 7.6 257 140 0.95
GH(83 %)-BWRO 17.8 251 12 9.2 20.6 171.2 1.03
GH(83 %)-BSRO 22,2 251 7 6 22.2 123.5 0.88
GH(85 %)-BWRO 15.7 245 14 9.7 19.2 152.6 0.93
GH(85 %)-BSRO 20.9 24.5 8 8.3 21.4 112.6 0.81
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Fig. 3. TDS concentration of RO permeate according to the salt
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