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Water issues

• Roughly 80% of the world population live in 
developing countries.
o 1.3 billion lack access to water

o 2.6 billion deprived of electricityo 2.6 billion deprived of electricity

o 84% in rural regions
o (44% Africa and 38% Asia)

• Lack of access to potable water and high 
cost of purification pose a major challenge.
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Water stressed regions
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Problem statement
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Source: Professor Smalley, Rice University
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Reverse Osmosis 

Some Water Purification Technologies
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Flash distillation

Membrane Distillation (MD)

Membrane Distillation (MD)
Advantages:
1. Low operating pressures than RO
2. Can treat high salinity brines
3. Requires less space than others
4. Minimal reactions membranes/feed

solutionsMembrane Distillation (MD)

Sedimentation

Ultraviolet light

solutions
5. Low operating temperature < feed boiling

point – waste heat, solar, wind, geothermal
Disadvantages:
1. Low permeate flux than RO
2. Dependence on feed concentration, 

temperature
3. Fouling, Membrane deterioration
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- Distillation of seawater using affordable 
technology – renewable energy or waste 
heat.

OBJECTIVE
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MD Introduction

Direct Contact MD
Air Gap MD

Vacuum MD
Sweeping Gas MD
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MD module

• Scarab AB AGMD unit
o 2.8m2 membrane area

o PTFE & PP materials

o Parallel cross-flow
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o Parallel cross-flow
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MD Objective

Characterize a Scarab AB MD unit

• Test MD unit within operating limits
o Effect of hot side temperature (Th)
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o Effect of hot side temperature (Th)

o Effect of cold side temperature (Tc)

o Effect of Salinity (C)

o Effect of temperature drop across membrane (∆T)

• Thermal energy required to produce water
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Membrane Distillation (MD) Schematic
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Heat rate: Q=mh*Cp*(Tfi-Tf,Hx,i)
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Membrane Distillation (MD) Schematic

Qout

Qin

Qin=mh*Cp*(Thi-Ti)Heat consumption rate:



Energy and Sustainability CenterEnergy and Sustainability Center

Test facility
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Results Comparison
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Effect of feed water temperature

14



Energy and Sustainability CenterEnergy and Sustainability Center

Permeate flux vs. feed Temperature
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Specific Energy Consumption
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Contaminant removal
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Distillate Quality
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Conclusions
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1. Increased temperature increases 
permeate flux (raises vapor pressure 
gradient)

2. Increased salt concentration reduces 2. Increased salt concentration reduces 
permeate flux (reduction in vapor pressure 
gradient) and increases specific energy 
consumption

3. Required low grade heat allows for use of 
waste heat, solar and other renewable 
sources


