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Types of Practical Seawater Desalination plants 

Multi-Effect Distillation (10 plants) Multi-Stage Desalination (9 plants) 

Electricity (kWh_elec/m3) 5.2 Electricity  (kWh_elec/m3) 2.6 Electricity (kWh_elec/m3) 3.75 

Thermal Input (kWh_ther/m3) - Thermal Input (kWh_ther/m3 at 60oC) 76.0 Thermal Input(kWh_ther/m3 at 120oC ) 79.5 

Questions: (1) Which of the three processes is more efficient ?   
(2) Are the derived units, kWh, a suitable units to be used for the efficiency comparison ? 



Adequacy of Energy Units? 
 Are the derived energies are 

equal thermodynamically? 
 If not, what datum is needed 

for comparison of processes? 
Thermodynamically, the datum 
units is work, e.g., primary 
energy 

 For a process stream, the 
available work or exergy is 
analyzed. 

 Across a device, the exergy 
destruction to execute or 
consumed in the process to 
achieve a useful output, i.e., 
Gibbs equation; 

      ∆𝐺 =  𝑚 ∆ℎ − 𝑇0 ∆𝑠 . 

 





Conventional Conversion Method 



Advanced Cogeneration method 



Conversion factors? 
(by exergy destruction analysis) 

8 

1 kWhelec 
1 kWhpe 29.5 kWhthermal of 

low grade energy 

Thermal heat is a low grade energy, it 
merely needs 29.5 kWhth at 60oC to be 
equivalent to 1 kWhpe 
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𝜑1= conversion factor for electricity, 1 / 0.47 
𝜑2= conversion factor for thermal energy, 1 / 29.5 

Multi-Effect Distillation (10 plants) Multi-Stage Desalination (9 plants) 

Electricity (kWh_elec/m3) 5.2 Electricity  (kWh_elec/m3) 2.6 Electricity (kWh_elec/m3) 3.75 

Thermal Input (kWh_ther/m3) - Thermal Input (kWh_ther/m3 at 60oC) 
𝜑2 = 1/29.5 

76.0 Thermal Input(kWh_ther/m3 at 180oC ) 
𝜑2 = 1/18.5 

79.5 

Primary Energy (kWh_pe/m3) 
 

0.09 m3/kWhpe 
 

11.1 Primary Energy (kWh_pe/m3) 
 

0.135 m3/kWhpe 
 

7.4 Primary Energy (kWh_pe/m3) 
 

0.082 m3/kWhpe 
 

12.3 
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 (PR)MED  = 
 2326

3.6 
1.8

0.47
+
214

29.5 𝑟

= 58.3  

(PR) MED+AD* =
 2326

3.6
2.2

0.47
+
122

29.5

= 73.3 

 With present MEDAD plant, the new PR= 110 (1.25) 
=137.5 

2.1 LPM 3.1+1.0*=4.1 
LPM 

*Last stage vapors adsorbed on AD beds 
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UPR of Hybrid MEDAD with 12 stages:  
- Achieving Sustainable Desalination 



Understanding the Efficacy of Seawater 
Desalination 

4th Generation  

3rd  Generation  

2nd  Generation  

1st Generation  



 Closing: - Optimal utilization of 
thermodynamic synergy for the cogeneration 

of power and water 
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On the road to water sustainability in the Gulf, Shahzad M.W. and Kim Choon Ng, 
Nature Middle East, April 28th, 2016, doi:10.1038/nmiddleeast.2016.50, 

(2±0.5%) 



A New Approach to Sustainable Desalination  

 Adsorption research is scaled-up for a commercial pilot at the Solar Village, KACST. 
 

The commercial pilot at Solar Village of 75 m3/day 
and 2 MW cooling,  built jointly by 
KACST_MEDAD_KAUST, treating the RO rejects. 

A MOU signing on 21st February, 2017,  between four parties, 
KACST_MEDAD/KAUST_SWCC_AWT for planning a scaled-up 
MEDAD hybrid plant (2,000m3/day) in one of the SWCC sites. 
  
Front row: Eng.Ali Bin AbdulRahman AlHazmy (Governor of SWCC), H.E. Prince Turki Bin 
Saud (Executive President of KACST), Joseph Ng (CEO of MEDAD), and Mr Khalid AlHabib 
(Director of Engineering, Advanced Water Technolgy), Back row: Mr Nadhmi AlNasr (EVP, 
KAUST), H.E., Khalid A ALFalih, Minister of Energy, Industry and Mineral  Resources, third 

person  Dy President of KACST)..  


