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Wleast = [(NG)2 + (NG)3]− (NG)1
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˙ Q least =
˙ W least

(1−Tc /Th )



r = ṁp/ṁf [%]

Q̇least/ṁp [kJ/kg]

TH = 50 ◦C

TH = 75 ◦C

TH = 100 ◦C
TH = 5800 K

yp = 0 g/kg
yp = 0.5 g/kg











DESALINATION: AN ENERGY SOLUTION November 2-3, 2010INTERNATIONAL DESALINATION ASSOCIATION

Increased GOR

• Design impact of higher GOR

GOR 8.5 10 11.5 13

Number of effects 5 7 8 8
Total area effects 49 200 m² 72 000 m² 83 500 m² 98 400 m²Total area effects 49,200 m 72,000 m 83,500 m 98,400 m
Number of 
preheaters

2 2 2 4

Total area 2 300 m² 2 400 m² 2 600 m² 3 800 m²Total area 
preheaters

2,300 m 2,400 m 2,600 m 3,800 m

Area condenser 4,800 m² 3,700 m² 2,900 m² 2,100 m²
Total area 56 300 m² 78 100 m² 89 000 m² 104 300 m²Total area 
installed

56,300 m² 78,100 m² 89,000 m² 104,300 m²

© 2010 International Desalination Association





Rohsenow Kendall Heat Transfer Laboratory, MIT ILP Japan Conference, Tokyo, 25 January 2013 
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Low heat and mass 
transfer rates  

(2 orders lower than pure 
vapor systems) 

 

Humidification-dehumidification desalination  
simple, membrane-free, robust under high TDS water  

• 

• 
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Rohsenow Kendall Heat Transfer Laboratory, MIT ILP Japan Conference, Tokyo, 25 January 2013 

Prototype demonstration 

Video of bubble column dehumidifier 
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Directional Solvent Extraction: Low Temperature, Membrane free Desalination 
Anurag Bajpayee, Tengfei Luo, Stephan Kress, and Gang Chen 

  Directional Solvent: 
  Dissolves water 
  Does NOT dissolve salts 
  Does not dissolve IN water 
  Non-toxic 

  Temperature dependent solubility 

  Directionality based on molecular structure and 
bond-strengths 

  >98% salt rejection demonstrated to function at 
temperatures as low as 40 °C 

  Simple system with low capital, no membrane, 
and low grade energy could reduce desalination 
cost and complexity 

  Robust over wide TDS range, varying 
temperatures, and operational scale 

A Molecular Approach to Desalination 

A simple cyclic process without membranes that 
can use low grade energy 

ROHSENOW KENDALL HEAT TRANSFER LABORATORY 

Bajpayee et. al., “Very Low Temperature, Membrane-free Desalination by Direction Solvent 
Extraction,” Energy and Environmental Science, 2011, 4, 1672 
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Process stream 
preheating 

Condensing 
Surface 

J. Swaminathan, J.H. Lienhard V, MIT, 2015 



21 

Heater 

Condensing 
Surface 

Process stream 
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Heat input 

Flow over the 
membrane 

Pure Product 

Concentrated 
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Mesh introduced in the gap 



Efficiency for various systems and salinities 

BWRO 

SWRO 

Thermal 

FO 1 
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FO 3 
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Key:  Feed      Concentrate 

 

Legend:                                                        
FO  1  FO-RO pilot 

 2  FO-RO model 
 3  Dilution pilot (non-regenerating 
 4  Thermal draw regen. pilot 

Thermal 1  MVC (typical SW) 
 2  TVC-MED (typical SW) 
 3  MSF, Shuweihat, Saudi Arabia 
 4  MVC, Barnett Shale, USA 
 5  MVC model 

SWRO  1  Skikda, Algeria 
 2  Tampa Bay, USA 
 3  Hadera, Israel 

BWRO  1  Wadi Ma'in, Jordan 
 2  El Paso, USA 

EDR  1  Melville, Canada 
 2  Yuma, USA 
 3  Foss Reservoir, USA 

Process 

4 
EDR 5 

Salinity 







ηII ≡ least exergy of separation

exergy input
=

Ẇmin
least

Ẇsep

ηpp
+ Q̇sep

(
1− T0

Ts

)

Black Box
Separator

Product
yp < yf

Concentrate
yc > yf

Feed
yf

Q̇H , TH︸ ︷︷ ︸
Q̇pp+Q̇d

Q̇0, T0 Ẇpp

Ẇsep

Q̇sep, Ts

Q̇0, T0

ηpp

Power
Plant

Ξ̇input = Q̇d

(
1− T0

TH

)

ηII ≈

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

10− 20% for SWRO with ηpp = 67%

7− 9% for MED excl. pumping

5% for MSF excl. pumping

< 6% for MED with pumping

< 3% for MSF with pumping



Water is a major factor in shale gas production 
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Plappally and Lienhard, Renewable and Sustainable Energy Reviews, 16(7):4818-4848, Sept. 2012.
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