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Abstract : Because of the water scarcity caused by the increase of salinity in the underground water, seawater desalination stands
out as one of the most promising solution. As there are so much energy costs in operating desalination plants, new hybrid process
which is more effective should be researched. A geothermal VMD (vacuum membrane distillation) hybrid process is a com-
petitive alternative for seawater desalination. Because geothermal energy has significant characteristics of high capacity factor to
operate the power plant at full capacity for 24 hour per day, it can be a priority heat source of VMD superior to any other
renewable energies such as solar and wind power. In this study, we design a geothermal VMD hybrid process, analyze it econo-
mically and finally compare the result with a case of conventional VMD process. Geothermal VMD hybrid process generates
$23,822,409 of NPV (net present value) more than the conventional VMD process in case of 5% discount rate. The break-even
point between these processes is 5.36 year. Sensitivity analysis indicates that steam cost is the most decisive influence variable to
the economic outcome.
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Figure 1. Seawater desalination mothod with Renewable energy[5].
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Figure 2. Principle of vacuum membrane distillation (left) and Schematic diagram of vacuum membrane disrillation (right)[5].
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Figure 3. Schematic diagram of geothermal VMD hybrid process.
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Table 1. Installation cost and operation cost of vacuum membrane

distillation[6]
Assumptions of VMD desalination plant
Plant availability 90%
Plant capacity 20,000 m*/day
Plant life 20 years
Interest rate 5%
Specific costs
Membrane cost $90 /m’
Membrane replacement 10 Y%/year
Electricity cost $0.12 /kWh
Chemical cost $0.018 /m’
Spares cost $0.033 /m’
Labour cost $0.03 /m’
Brine disposal $0.0015 /m’
Steam cost $0.007 /kg
Steam heat exchanger $2000 /m’
Operating conditions
Feed concentration 900 ppm
feer::li e%z(t)ltl}rlzrmal water 5662 C
VMD feed inlet temperature 60 C
VMD flux 6.6 kg/m’*h
VMD recovery 0.8
VMD feed pressure 120,000 Pa
VMD permeate pressure 30,000 Pa
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Table 2. A comparison VMD plants and geothermal VMD hybrid process plants

With geothermal Percentage (%) Without geothermal Percentage (%)
Capital cost
Civil work ($) 4,472,624 12.96 4,472,624 21.72
Intake/pre-treatment ($) 1,808,825 5.24 1,808,825 8.78
Pumps ($) 14,938 0.04 14,938 0.07
Membrane ($) 11,363,636 32.92 11,363,636 55.19
Steam heat exchanger ($) - 1,059,317 5.14
Total direct capital cost ($) 17,660,023 51.15 18,719,340 90.91
Total VMD capital cost ($) 19,426,025 56.27 20,591,274 100.00
Total geothermal plant capital cost ($) 15,097,552 43.73 -
Total capital cost ($) 34,523,577 100.00 20,591,274 100.00
Annual fixed charge ($/m’) 0.42 0.25
Operation and maintenance (O&M) cost
Membrane replacement ($/year) 1,136,364 44.09 1,136,364 17.80
Electricity ($/year) 43,804 1.70 43,804 0.69
Steam ($/year) - 4,662,422 73.03
Chemicals ($/year) 118,260 4.59 118,260 1.85
Spares ($/year) 216,810 8.41 216,810 3.40
Labour ($/year) 197,100 7.65 197,100 3.09
Brine dispisal ($/year) 9,855 0.38 9,855 0.15
Total annual VMD O&M cost ($) 1,722,192 66.82 6,384,615 100.00
Total geothermal plant O&M cost ($) 855,246 33.18 -
Total annual O&M cost ($) 2,577,438 100.00 6,384,615 100.00
Annual O&M charges ($/m’) 0.39 0.97
Total water cost ($/m’) 0.81 1.22
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Figure 4. Cash flow in case of 5%, 10% discount rate.

Table 3. NPV variation caused by capital cost variation

5% 10%
Geothermal VMD plant ($) 83,225,196 45,916,542
VMD plant ($) 59,402,787 34,056,699
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Figure 5. Accumulated cash flow in case of 5%, 10% discount rate
(unit: $ 1,000).
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Figure 6. NPV rate of charge comparison caused by variable varia-

tion.

Table 4. Sensitivity analysis result of VMD plant and geothermal VMD hybrid process plant

) Variable-cost ratio
Variables Plants type —
-20% - 10% No variation 10% 20%
Water price Geothermal VMD $55,932,956 $69,579,076 $83,225,196 $96,871,317 $110,517,437
VMD plant $32,110,546 $45,756,667 $59,402,787 $73,048,907 $86,695,028
Relative variation ratio 0.00% 0.00% 0.00% 0.00% 0.00%

Geothermal plant Geothermal VMD $85,774,314 $84,499,765 $83,225,196 $81,950,617 $80,676,058
capital cost VMD plant $59,402,787 $59,402,787 $59,402,787 $59,402,787 $59,402,787

Relative variation ratio 10.70% 5.35% 0.00% -5.35% -10.70%
Steam cost Geothermal VMD $83,225,196 $83,225,196 $83,225,196 $83,225,196 $83,225,196
VMD plant $68,118,387 $63,760,582 $59,402,787 $55,044,937 $50,687,169

Relative variation ratio -36.59% -18.29% 0.00% 18.29% 36.59%
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