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Abstract — Liquefied natural gas undergoes a process of vaporization to be supplied as city gas, which generates about
800 klJ/kg of cold energy. Currently, all of this cold energy is being dumped into the sea, resulting in a very serious
energy waste from the point of view of energy recycling. In this study, a seawater desalination process that can utilize
the wasted cold energy was proposed, and this process was optimized to analyze the specific power consumption and
economic feasibility. As a result, the specific energy consumption of the proposed process was calculated as -5.2kWh/
m?, and the production cost of the pure water was 0.148 USD/m>, confirming that it is superior to any other process

developed so far.
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Fig. 1. Process Flow Diagram of newly proposed HBD based desalination process.

Table 1. Major assumptions

Items Values
Stream temperature at the system boundary 288.15K [12]
Pure water production capacity 300 tonne/h
Hydrate former Propane
Conversion in the hydrate reactor 40% [12]

Reaction heat in the hydrate reactor
Isentropic efficiency of rotating machines
Pressure drops of heat exchangers
Operating conditions of the hydrate reactor
Operating conditions of the hydrate dissociator
Hydrate former to water ratio
Seawater salinity

-129.2 k/mol [12]
75% [12,13]
5kPa[12,13]

274.15 K, 400 kPa [12,13]

279.65 K, 400 kPa [12,13]

1:17 [12]
3.5 wi%
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Table 2. Major stream conditions

SR e E R IR 73

Stream Composition Mole fraction Temperature (K) Pressure (kPa) Flow rate (kmol/h)
LNG1 Nitrogen 0.0015 113.5 4400 13408.7
Methane 0.9934
Ethane 0.0051
HF4 Propane 1 274 400 7000
SWI1 Water 0.989 303.15 101.325 431413
NaCl 0.011 101.325
SW5 Water 0.989 303.15 101.325 111347
NaCl 0.011 101.325
21492 TS Table 1] 928150} Table 3. Decisior? ?fariabl.es .
- Decision Variables Unit
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&3l ste] =0 E AR 2 7 sle) 2EE dto] =e°] Degree of subcooling of HF5 Stream K
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Table 5. Equipment exergy loss calculation
Equipment Symbol Exergy Loss (kW)
) W
Expander AEx = ex,—ex,— W
eXin,1 >\ > €Xout,1
Heat Exchanger €Xin,2 _’/\/\/\—> €Xout,2 AEx = X=X our
€Xin,3 <_/\/\/\4_ €Xout,3
w
Pump AEx = ex,—ex,— W
Reactor AEx = ex;,—ex

out

Economic analysis Framework

|

Capital Cost (CC)

Direct Cost (DC) Indirect Cost (IC)

* Equipment cost (EC) * Insurance, freight, tax (DC * 1.5%) « Raw material cost
* Building, labor (EC*10%) < Engineering cost (DC * 3.5%)

* Auxiliary (EC * 15%) * Overhead cost (DC * 15%)

* Contingency ((DC+IC) * 15%)

Fig. 2. Economic analysis framework [13,18-19].
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Operating Cost (OC)

Fixed cost (FC) Variable cost (VC)

Amortization
(Amortization factor * CC)
* Insurance (DC * 1.5%)
* Maintenance (DC * 2%)

* Energy cost

Table 6. Optimized decision variables

Decision Variables opt?rflifg:ion optig?ze;tion
Molar flow rate of HF4 Stream (kmol/h) 6500 7023.5
Degree of subcooling of HFS Stream (K) 70 0
Pressure of HF6 Stream (kPa) 405 774.2

A2 3k3ITh. Table 6014 K= vfe} o] AlRbd ¥4 2] SECH#L©]
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Table 7. Optimization results

Table 9. Economic analysis result after optimization

Equipment Power Consumption (kWh) Cost (MM USD)
P-1 914 Capital Cost (CC) 8.928
P-2 81.0 Direct Cost (DC) 6.763
P-3 75.4 Indirect Cost (IC) 1.353
EXPANDER -1808.6 Site Cost 0.812
Net Power Consumption -1560.7 Operating Cost (OC) 0.013
SEC (kWh/m®) -52 Variable Operating Cost -1.063
Fixed Operating Cost 0.941
Maintenance 0.135
AEX¢otart 29506.67 kW Total Annual Cost 0.371
3.53% Minimum Selling Prices (USD/m?) 0.148
0.14% | 2.72%
11.9%, \

2.13% \

Expander m HEX1 m HEX2 HEX3 m PUMPs REACTORs

Fig. 3. Exergy analysis results after optimization.
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Table 10. Minimum Selling Prices for major desalination processes [7,13,21]
Type Capacity (ton/hr) Minimum Selling Price (USD/m?)
Multistage Flash (MSF) 979-22,000 0.52-1.75
1,042 1.10
Multi Effect Distillation (MED) 3,792-13,333 0.52-1.01
50-2,292 0.95-1.5
458 0.80
Reverse Osmosis (RO) 4,167-13,333 0.45-0.66
625-2,500 0.48-1.62
250 0.70
41.67-200 0.70-1.72
ColdEn-HyDesal 100-1,000 0.69-1.61
This study 300 0.148
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