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Most of Fresh Water Demands Provided by the Desalination 
of Seawater by Thermal or Membrane  Technologies  



Estimates of Distillation Plants,Kuwait
Installed Capacity (MlGD) 2014 – 2018

Approximate rejected brine: 2500 MlGD
Considered approximately 20% water recovery 3



Kuwait Water Production 11-3-2019

3

Capacity: 623 MIGD
Production : 431MIGD 11-3-21019
Consumption : 400 MIGD 11-3-2019



Problem Statement

Brine disposal is a major problem for costal & inland 

desalination plants

characteristic of brine

• High total dissolved solids 
(TDS:~ 54,000 - 80,000 
mg/L),

• High temperature than that 
of seawater in case of 
thermal sesalination
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Current Disposal Methods

 Deep well injection; 

 Irrigation of plants tolerant to high salinities;

 Disposal to municipal sewers;

 Evaporation ponds;

 Chemical treatment;

 Disposal into surface water bodies.
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Major Components In Seawater and 
Desalination Brines

Parameter Units
Arabian Gulf 

Seawater

Arabian Gulf 

Beach-well 

Seawater

MSF 

Brine
RO Brine

pH - 8.2 7.13 8.67 7.56

EC* mS/cm 68.4 66.6 101.3 78.5

Ca2+ mg/l 648 1,080 996 1,276

Mg2+ mg/l 1,676.7 1,416.6 2,258 1,733

(SO4)
2- mg/l 4,200 3,900 5,700 4,500

(HCO3)
-

mg/l as 

CaCO3

180.8 175.6 299.9 221.6

Cl- mg/l 26,100 25,400 41,000 29,400

Na+ mg/l 16,925 16,471 26,587 19,065

TDS mg/l 48,116 47,843 75,370 55,866
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Harvesting Salts and Other Useful Products
• Many marketable mineral salts can be produced from reject

brines such as [Howe, 2009]:

 NaCl

 KCl

 Na2SO4

 K2SO4

 MgSO4

 Mg(OH)2

 KNO3

 Na2NO3 and … etc.

Mineral Uses

NaCl
Textile dyeing, aquaculture, soil 

stabilization, and ice and snow removal

Cl2 Polymers, plastics, and synthetic fibres

NaOH
Glass, rayon, synthetic fibres, plastics, 

polyester, soaps, and detergents

NaSO4 Pulp and paper, dyes, and ceramic glazes

Na2CO3 Glass, pulp and paper, and rayon
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Potential Products and Market Information
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Price of magnesium Oxide



Case Study at KISR
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Sampling and Physicochemical Parameters Determination

Experimentation

Sample: Sample was collected 
from DRP which is located at  
Doha East Power Generation 
and Water Desalination Plant in 
Kuwait. 
Production Capacity: 300 m3/d. 
Total Water Recovery: ≈30%.
Total Dissolved Solid (TDS) 
rejected from DRP plant: 
≈54,000 ppm.
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Experimentation

Figure 1. Flow diagram. 11

Agilent Technologies, 

7900 ICP-MS
Thermo scientific, 

Dionex ICS-5000+DP

Keysight 8500B FE-SEM

Spectrophotometer 

LANGE DR2800 



Experimentation

Figure 1. Experimental apparatus.

Where MX:  Mineral halide and sulphate.

Chemical Reactions 
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Effect of Base on Mineral Extraction (pH 9-Temp 90 °C )
Selected Base: Ca(OH)2, NH4OH, and NaOH

Ca(OH)2 as base

Extracted minerals: 

Boron: 36%, strontium: 25%, 

magnesium: 23% and sulfate: 

11%.

NH4OH as base

Extracted minerals: 

Boron: 41% strontium: 12%, 

magnesium: 6% and potassium: 6.

Percentage of minerals extracted. Percentage of minerals extracted.
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Results and Discussion



Effect of Base on Mineral Extraction

NaOH as base

Extracted minerals: 

Boron: 40%, lithium: 38%, 

strontium: 23% and 

magnesium: 20%.

Percentage of minerals extracted.
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Results and Discussion

• NaOH is the best suitable base for extracting 
minerals from Kuwait SWRO brine
(precipitation faster due to faster reaction 
and faster crystal growth of minerals in 
presence of NaOH)



Results and Discussion
Effect of pH and Temperature on Mineral Extraction

Extraction of minerals at 90 °C and at different pH

Total mineral extracted at different 

pH (mg/L) at 90 °C.
Percentage of minerals extracted at 90 °C.

Magnesium: 1651 mg/L, sulfate: 700 mg/L and 

calcium: 168.8 mg/L.(ex.pH 10)

Magnesium: 98%, Lithium: 78%, 

boron: 51%.(ex pH 10)
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Extraction of minerals at 80 °C and at different pH

Boron: 71%, magnesium: 44%, strontium: 

15% and calcium: 10%. (ex pH 10)

Magnesium: 750 mg/L, sulfate: 300 mg/L 

and calcium: 144 mg/L.(ex pH 10)

Total mineral extracted at different 

pH (mg/L) at 80 °C.
Percentage of minerals extracted at 80 °C.

Effect of pH and Temperature on Mineral Extraction
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Extraction of minerals at 70 °C and at different pH

Boron: 71%, magnesium: 70%, strontium: 15% 

and calcium: 10%.( ex pH 10)

Total mineral extracted at different 

pH (mg/L) at 70 °C.
Percentage of minerals extracted at 70 °C.

Magnesium: 1193 mg/L, sulfate: 200 mg/L 

and calcium: 120 mg/L.(ex pH 10)

Effect of pH and Temperature on Mineral Extraction
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Results and Discussion



Extraction of minerals at 60 °C and at different pH

Total mineral extracted at different 

pH (mg/L) at 60 °C.
Percentage of minerals extracted at 60 °C.

Boron: 77% and magnesium: 48% (ex pH 10),

Lithium: 61% (ex pH 8) 

Magnesium: 809 mg/L, Sulfate: 200 mg/L 

and calcium: 144 mg/L.(ex pH 10)

Effect of pH and Temperature on Mineral Extraction
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Extraction of minerals at 50 °C and at different pH

Magnesium: 1095 mg/L, sulfate: 100 mg/L 

and calcium: 68 mg/L.(ex pH 10)

Total mineral extracted at different 

pH (mg/L) at 50 °C.

Percentage of minerals extracted at 50 °C.

Boron: 73%, magnesium: 65%, and 

calcium: 6%.(ex pH 10)

Effect of pH and Temperature on Mineral Extraction
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Results and Discussion



Preliminary Economic Evaluation of Magnesium Oxide 
Production Using DRP SWRO Brine

Production Capacity: 300 m3/d.

Total Water Recovery: ≈30%.

TDS rejected from DRP plant: ≈54,000 ppm.

Rejected brine is approximately 700 m³/d

Amount of magnesium present: 1,771 kg per day and 646 ton/year.

Based on our study: Extracted magnesium using NaOH as base at 90 °C and pH 10 is 

≈ 633 ton/year.

Theoretically, 1 gm of magnesium (Mg) can produce 1.658 gms of magnesium oxide 

(MgO)

The total amount of magnesium oxide (MgO) that can be produced per year from DRP 

SWRO brine is 1000 ton/year.

Considering the market price of MgO at (800-2,500) USD per ton, the annual benefit 

that can be achieved by extracting MgO from DRP SWRO brine is 800,000 USD per 

year. 20

Results and Discussion



• The mineral extraction from actual SWRO brine was conducted 
using chemical precipitation process,

• Mineral extraction capability of three different inorganic base 
was studied,

• The study proved that NaOH is the best suitable base for 
extracting minerals from Kuwait SWRO brine

• The effect of pH and temperature was conducted for maximum 
mineral extraction,

• The mineral extraction results showed that there is change in 
total concentration of extracted mineral with increase in 
temperature from 50 °C to 90 °C as well as with increase of pH 
from 8.0 to 10.0, 
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Conclusion & Recommendations  



• The extracted minerals are magnesium, lithium, boron,
sulfate, and calcium,

• The economic gains obtained by extracting minerals depend
mainly on the concentration of minerals in brine, the market
price of these minerals, the recovery of the extraction and the
purity of the mineral extracted.
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Conclusion & Recommendations  
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