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ABSTRACT

Smart water grid is a water network with communication to save water and energy using various water resources. In
smart water grid, water product from the various sources can be blended to be supplied to end-users. The product
water blending was reported by literatures while feed water blending has been rarely reported so far. In this work,
a commerdcial reverse osmosis (RO) system design software provided by a membrane manufacturer was used to elucidate
the effect of feed water blending on the performance of seawater reverse osmosis (SWRO) plant. Fresh water from
exisiting water resource was assumed to be blended to seawater to decrease salt concentration of the RO feed water.
The feed water blending can simplify the RO system from double to single pass and decrease seawater intake amount,
the unit prices of the RO system components including high pressure pump, and operation risk. Due to the increase
in RO plant capacity with the feed water blending, however, the RO membrane area and total power consumption
increase at higher water blending rates. Therefore, a specific benefit-cost analysis should be carried out to apply the
feed water blending to SWRO plants.

Key words: Smart water grid, Water blending, Reverse osmosis, Seawater desalination, Plant design
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Fig. 1. An example of water blending scenario to overcome
water shortage.
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Table 1. Summary of design flow rates for each desalination scenario

Scenario Freshwater supply rate = WTP" product flow rate | RO plant product flow rate RO Recovery
(x10° m®/d) (x10° m*/d) (x10° m*/d) (%)
WTP 900
1 ; 810 90 50.0
Blending 0
WTP 850
2 ; 765 135 61.3
Blending 50
WTP 800
3 ; 720 180 69.2
Blending 100
WTP 700
4 ; 630 270 79.4
Blending 200
1) WTP(Water treatment plant)
Table 2. Feed water quality for each scenario (Unit: mg/l)
Water blending rate
Seawater Fresh water g
22.7% 38.5% 58.8%
Na 11,437 39.31 8,846.62 7,053.28 4,732.48
K 421 - 325.32 259.08 173.35
Ca 361 - 278.95 222.15 148.65
Mg 1,297 - 1,002.23 798.15 534.06
Fe 0.01 - 0.007 0.006 0.004
Ba 0.05 - 0.04 0.031 0.021
Sr 10.36 - 8.01 6.38 4.27
Cl 19,700 60.68 15,236.52 12,146.42 8,147.46
NO; 0.5 - 0.39 0.31 0.205
SO, 2,184.31 - 1,687.88 1,344.19 899.42
F 1.12 - 0.86 0.69 0.46
HCO3 152 - 117.45 93.54 62.59
B 5 - 3.86 3.08 2.06
SiO, 0.21 - 0.16 0.13 0.08
TDS 35,569.56 100 27,508.29 21,927.42 14,705.11
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Table 3. RO system design guidelines for flux and element

recovery
Maximum
Average
Feed element
source G 1175 Tecovery
LMH"
LMEE) 1 g
RO Permeate 36-43 30
Well water 27-34 19
Such | 22-29 17
urface su
2 20-27 15
Wastewater MF 17-24 14
plant effluent | Conventional 14-20 12
Well or MF 13-20 15
Seawater -
Open intake 11-17 13

1) LMH: Litters per square meter per hour

A AES 2nd passhal SFCR(Fig. 2(a) ). 2nd pass
o gake 7a717] Slal Ist passe] AAIS Uy
2nd pass® R Ujl, L X] Ist pass A2} 2nd pass
WSS ol % NS THEA] ek 2nd pass
2 MU It pass A4ke] M &S HF Adke] B
2 52 E VR A B A= 0.9 myl
£ 7o St YeerdrlEdA Y BE
= 3EHYE 1.0 mgl vlgtou), obA&-S 183}
o 7l&E= 10% &)

2nd passo]] AREE+= RO W2 7|42 9 A1E(brackish
water reverse osmosis; BWRO) 9H& AF8-31A] T|a1, X
2 AALE TS Y3 pHE 11 ooz 243}
HES BOH)' ¢ FHZ ZAsH=E FIrh Ist pass
AAo) deert B3 gy fUEEE gl7] o
=°fl, 2nd pass®] 3|5=E&2 90% o]FSE Skal Fig.
2(a)2} o] 2-stage BWRO A|AE(1st stage?] H=4
7} 2nd stage® 7HA 34EE& &= RO 4 W
Aoz AT Aot Bas Aok A4E B
St oot 3go] 60% ooz Lerhr) o
TLof|(Table 1 &), Fig. 2(b)2} Zro] 2-stage SWRO A]
£8E mQg.

SWRO
Feed - BWRO
HP HP
BWRO

Concentrate

Product

Concentrate

1st pass 2nd pass
(a) 2-pass SWRO system

1st stage Product

HP
SWRO

BP

Concentrate
(b) 2-stage SWRO system

Fig. 2. Schematics of RO plant system for seawater desalination
(HP: high pressure pump, BP: booster pump).
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Table 4. Summary of design results for each desalination scenario

1 Water blending rate
Seawater 2 3 3
22.7% 38.5% 58.8%
. . 2 pass 2 pass
Configuration 1 pass 1 pass
1 2 Total 1 2 Total
Recovery 5°C
50.0 90.0 48.0 61.4 90.0 59.4 69.23 79.4
(%) 25°C
Pressure 5°C 75.0 21.0 68.8 20.6 - 57.55) 49.65)
(bar) 25°C 64.8 11.7 59.1 11.1 - 45.85) 38.15)
Feed Flow rate 5°C 230.4 260.4 340.2
3 3 187.2 36.6 187.2 230.4 45.0
(x10° m°/d) 25°C (180.46)) | (160.46)) (140.26))
Product Flow rate 5°C
33 93.7 33.0 90.0 139.5 40.5 135.0 180.0 270.0
(x10° m’/d) 25°C
Flux oC 14.4 38.6 14.3 39.4 14.6 14.6
(LMH) Py . . . . . .
Membrane area 5°C
27.17) 3.68) 40.77) 4.38) - 51.47) 77.08)
(ha) 25°C
TDS 5°C 167.1 1.6 106.4 153.4 1.6 107.8 120.4 97.8
(mg/) 25°C 291.1 5.2 186.2 273.5 4.9 192.8 208.4 174.2
Boron 5°C 0.77 0.05 0.51 0.69 0.05 0.5 0.54 0.42
(mg/l) 25°C 1.3 0.16 0.88 1.18 0.15 0.88 0.88 0.70
1)-4) Scenario 1-4
5) 2-stage system, 20 bars of interstage booster pump pressure
6) Seawater feed flow rate = Total feed flow rate - Blending freshwater flow rate
7) RE16040-SHN (a SWRO membrane element)
8) RE16040-BLR (a BWRO membrane element)
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