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Abstract — Energy recovery device (ERD) is used to save energy consumption in seawater reverse 0osmosis processes.
However, small-scale ERDs (<100 m*/d) are hardly observed in seawater desalination market. In South Korea, most of
seawater desalination plants for drinking water production are small-scaled and have been operated in island areas or on
ships. Thus, the effect of ERDs for these small-scale SWRO processes should not be neglected. In this work, the small-
scale SWRO processes are designed and analyzed in terms of energy consumption with/without ERD. The realistic effi-
ciencies of high pressure pumps are considered for the energy analyses. The unit cost of electricity depending on the
application place (e.g., inland and island areas, on ships) is investigated to calculate the energy cost for unit water pro-
duction in various SWRO applications classified by plant capacity, application place, and the installation of ERD. As a result,
the energy cost can be saved up to 1,640.4 KRW/m> when ERD is applied, and the saving effect increases at smaller
plants on ships. In conclusion, the development of small-scale ERDs are necessary because small-scale SWRO pro-
cesses are dominant in Korean seawater desalination market, and the electricity saving effect becomes higher at smaller-
scaled system.
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Table 1. Flow rate range by energy recovery device

Manufacturer Product Flow rate range (m>/d)
ERI PX series 109~1,635
Flowserve (Calder™) DWEER 3,840~8,400
Danfoss iSave series 168~1,008
OSMOREC OSMOREC ERD 3,600~10,320
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Fig. 1. Schematic diagram of reverse osmosis process.
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Table 2. RO process energy calculation
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Fig. 2. Motor and pump efficiency according to feed water flow rate.
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Fig. 3. RO energy according to ERD application.
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Fig. 4. Permeate water price by location: (a) Inland area (b) Island area (c) On ship.
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