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sea water desalination of low energy and high fl ux using short modules
without need of energy recovery
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A B S T R AC T

Closed circuit desalination (CCD) trials of Mediterranean Water, performed with a new tech-
nology unit of different confi gurations comprising four modules each of 1–4 membrane ele-
ments, reveal the RO energy range 1.8–2.8 kWh m−3 in the respective fl ux range 8–40 lmh for 
recovery up to 50%. Mediterranean trials RO energy of the new technology at fl ux of 13–14 lmh 
of conventional SWRO plants was found in the range 1.9–2.1 kWh m−3 with a plausible further 
improvement to 1.7–1.8 kWh m−3 expected with effi ciency of feed pressurizing and concentrate 
recycling means of 85% and 60%, respectively. The extensive experimental data of Mediter-
ranean water desalination trials by the new technology disclosed herein, reveal an extraordi-
narily energy effi cient technology of high fl ux capability which operates without any need for 
energy recovery.

Keywords:  Closed circuit desalination; Sea water; High fl ux low energy; Reduced fouling; High 
recovery; No energy recovery

Closed circuit desalination (CCD) is a unique batch 
desalination process of enormous energy effi ciency bene-
fi ts [1–3] and the making of such a process continuous with 
respect to permeate production by simple mean [4] opened 
the door to its commercial application. The fi rst paper in 
this series[5] describes the theoretical principles of CCD 
and exemplifi es the process with SWRO-CCD trials carried 
out with Mediterranean Water (4.1%) using an apparatus 
with four modules (M) each of four elements (E) – 4ME4 
confi guration. The trials results revealed RO energy of 
1.85–2.25 kWh m−3 for 47.5 ± 1.5% recovery in the respec-
tive fl ux range 6–18 lmh with head element recovery of 7.0 
± 0.5%. The extraordinary energy results received using 

the SWRO-CCD new method for Mediterranean Water 
desalination were found much lower compared with the 
best results obtained by conventional SWRO techniques 
with the most advanced energy recovery means.

The present report describes Mediterranean Water 
desalination trials using SWRO-CCD 4MEn apparatus 
of four different confi gurations (n = 1–4), one of which 
(4ME4) is displayed schematically in Fig. 1. The design 
displayed in Fig. 1 shows the closed circuit RO section 
and the disengaged side conduit section which under-
goes brine replacement by fresh feed; wherein, HP 
stands for the high pressure pump (Danfoss – 10 m3 h−1), 
HPB for feed supply booster to high pressure pump (10 
m3 h−1), CP for circulation pump (FEDCO, 50 m3 h−1), 
BRP for brine replacement pump (60 m3 h−1), PV for 
empty pressure vessels side conduit (8″–1200 psi rating), 
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