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Abstract

Nowadays, lack of water resources has become a crisis in many countries around the world including

our country, Iran. In the current situation, minimizing the waste of water is vital. Continuous reverse
osmosis system, the most widespread technology for water desalination, wastes large amounts of fresh
feed water as high salinity brines. Hydraulic parameters and deposition of salts on the membranes are the
most important factors limiting the maximum achievable recovery rates in RO systems. Closed circuit RO
technology by modifying the operational mode of continuous RO system to a cyclic semi-batch process,
reduces limitations of the maximum possible recovery and can decrease the amount of water waste by
90%. Due to the lack of experience and knowledge about CCRO technology in Iran, the main goal of the
present study is the performance evaluation of CCRO systems in Iran's water desalination plants. For this
purpose, two industrial RO systems, located in central and northwestern Iran, were selected as case
studies. For the first time, according to the real feed water matrix, the maximum achievable recovery of
systems was investigated by changing continuous RO to CCRO systems. The results revealed that
implementing CCRO systems could significantly decrease brine production rate 74 to 89%. However, the
electrical energy consumption of the systems increased reasonably 8 to 36%. For high salinity feed water
(1* case study), the maximum allowable operating pressure of membrane 41.4 bar limited the recovery of
CCRO system to 88.7%. For the system with low salinity feed 2™ case study, the recovery was limited to
96.6% due to restriction in the maximum permeate flowrate per element (1.58 m’h™). In this case, the
saturation levels of silica and sulfate salts were much higher than the permissible levels. Therefore,
dosing a suitable antiscalant and high volumes of sulfuric acid were necessary to control the scaling.
However, acid and antiscalant demands were reduced by a decrease in CCRO recovery rate.

Keywords: Continuous RO, Closed Circuit RO, Water Desalination, Recovery Rate, Minimum
Water Waste.
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(Hydraunatics, 2017, Ferguson et al., 201 1)

Table 1. Permissible super saturation levels in water for dissolved salts in the case of dosing a
suitable antiscalant (Hydraunatics, 2017, Ferguson et al., 2011)

Name Chemical formula Permissible saturation level

Calcium carbonate CaCO; 150%
Calcium sulfate CaSO, 400%

Calcium fluoride CaF, 12000%
Calcium phosphate Ca3(POy), 2500%
Barium phosphate BaSO, 8000%
Strontium phosphate SrSO4 1200%
Silica SiO, 120%
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Table 2. Characteristics of raw water sources and technical specifications of existing RO systems in case studies

Raw water chemical analysis Technical specifications of existing continuous RO systems

Parameter Case study 1 Case study 2 Parameter Casestudy 1  Case study 2
Type Brackish Brackish Feed water type Well water Well water
EC (uScm™) 9368 2586 Feed water flowrate (m*h™) 32.6 55
pH at 20°C 7.61 8.08 Feed water pressure (bar) 19.8 15.4
T(u;l‘;(él)ty 0.23 0.39 Feed water TDS (mgL™) 5374 1732
TDS (mgL™) 5374 1732 Recovery rate (%) 67.5 75
HCO; (mgL™) 75.8 228 Permeate flowrate (m’h™) 22 413
Ca (mgL™) 477.2 120 Permeate TDS (mgL™) 59.1 15.6
Mg (mgL™) 118 168 Brine flowrate (m’h™") 10.6 13.7
Na (mgL™) 1280.34 456 Brine TDS (mgL™) 16294 6913
K (mgL™) 43 6.35 No. of stages 2 2
; . 1% stage: 3 1% stage: 5
1
Cl (mgL™) 2480 485.4 No. of modules in each stage 2 stage: 1 2 stage: 2
1 No. of membrane elements in
SO4 (mgL™) 690 374.4 cach module 6 6
1 Filmtec Filmtec
NO;3 (mgL™) 27.8 1.236 Membrane element type BW30-400 BW30-400
F (mgL™) 0.53 0.468 Total No. of membrane elements 24 42
. 1 Specific energy consumption
SiO, (mgL™) 13.3 33 (kWhm") 1.02 0.72
B (mgL™) 0.7 1.344 Brine LSI 1.48 1.61
Ba (mgL™) 0.01 0.06 Sulfuric acid 98% demand (Ld™) - -
Sr (mgL™) 17.1 2.27 Antiscalant 10% demand (Ld™") 2.6 4.8
Table 3. The simulation results for each CCRO system
Parameter Case study 1 Case study 2
Feed water flowrate (m’h™) 24.8 42.8
Feed water pressure (bar) 16.1-41.4 12.5-38.4
Feed water TDS (mgL™") 5374 1732
Max. possible recovery rate (%) 88.7 96.6
No. of circulating cycle 18 48
Total time of circulating cycle (min) 12.5 40
Time of flushing cycle (min) 1.7 1.5

Limitation for higher recovery

Max. allowable
operating pressure

Max. permeate flow per
element (1.58 m’h™)

(41.4 bar)
Permeate flowrate (m’h™) 22 41.3
Permeate TDS (mgL™") 64.3 61.2
Brine flowrate (m’h™") 2.8 1.5
Brine TDS (mgL™") 46756 49398
Membrane element type SOAR 60001 SOAR 60001
Total No. of membrane elements 21 36
No. of membrane elements in each module 3 4
No. of modules 7 9
Salt rejection (%) 98.8 96.4
Specific energy consumption (kWhm™) 1.1 0.98
Sulfuric acid 98% demand (Ld™") - 178
Antiscalant 10% demand (Ld™") 53 9.3
Journal of Water and Wastewater Mbe s,aT E
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Table 4. Calculated LSI for continuous RO systems and required acid dosing
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Recovery rate (%) 67.5 88.7 75 96.6
Brine production rate (m*h™) 10.6 2.8 13.7 1.5
Reduction in brine production (%) 74 89
Electrical energy demand (kWhm™) 1.02 1.1 0.72 0.98
Reduction in energy demand (%) 8 36
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