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Motivation 

One in six people worldwide face inadequate access to fresh water and two in six lack ade-
quate sanitation. Many of these people are concentrated in remote arid regions where energy 
for traditional desalination methods is unavailable. Until water crises are addressed world-
wide these people will continue to face health and sanitation problems that are an impedi-
ment to development. To address these water crises, we must develop a transportable, simple, 
decentralized, cost-effective system. Previously developed systems have typically been at the 
expense of cost or simplicity and have yet to meet all the needs of these decentralized arid re-
gions.

Technology

To address these challenges a design in proposed that inte-
grates membrane distillation (MD) with a plastic solar ther-
mal heat exchanger. MD offers numerous advantages as a 
treatment method for this application:
•  In MD, a heated feed stream and cool distillate stream 

are separated by a hydrophobic, microporous membrane 
[1].  A vapor pressure difference induced by the tempera-
ture difference across the membrane causes water from the 
feed stream to evaporate, transfer through the membrane 
pores, and condense upon contact with the cool distillate 
stream (Figure 1). 

Figure 1: Membrane Distilla-
tion

•  Because only vapor can pass through the hydrophobic membrane, nearly 100% rejection 
of non-volatile contaminants can be achieved [1]. 

• Because MD is a thermally driven process, it can use solar thermal energy directly [2]. 
• Additionally, when paired with a plastic solar thermal collector, cost weight and complexity 

of the system are significantly reduced.
Thus, the system will be renewable energy-driven, relatively simple, and provide high con-
taminant removal. The lightweight inexpensive materials in this system make it accessible to 
places where infrastructure and water supply problems are severe.

Materials & Methods

To characterize the viability of the solar MD system design, several tasks were performed. 
1) The solar MD system was designed and constructed at the University of Southern California 
environmental engineering labs. 
2) Performance was assessed by gathering time varying temperature data during conditions 
representative of semi-arid regions.       
3) The data was evaluated in terms of flux, to calculate the production potential of the system. 

Results I: Design

The design consists of:
•  6.6 m2 of plastic solar thermal heating hot wa-

ter, which recirculates through the feed tank. 
Water from the feed tank is pumped over the 
warmer side of the membrane and recirculates 
via a 12-V pump

• Distillate water, which is recirculated over the 
cooler side of the membrane into a distillate 
tank. 

• The experiments run for this work were done 
by plugging in the pumps, but cost analysis will 
consider the system off-grid using solar power.

Results II: Data

• As can be seen from the figures to the right and below, a maximum flux of 17 LMH was 
reached with flux being over 9 LMH for five hours. 

• These results were consistently found when solar irradiance was in the range of 400 to 800 
W/m2 for these peak hours.

Figure 4: 
The distillate flux through the membrane was 
high, especially compared with other solar 
thermal powered systems. This indicates the 
plastic solar thermal is oversized for the small 
membrane module used. Further work should 
optimize this relationship to increase output 
and decrease cost.

Results III: Cost

The cost of distillation is generally a function of 
plant capacity, quality of the feed water, energy 
supply, treatment technology, and system life-
time. 
• Operation costs generally account for a large 

portion of the cost of these technologies but 
given the simplicity and scale of the system 
studied here operation costs will be neglected in 
this analysis. 

• The largest contributor to cost is capital cost up-
front, but while these expenses are large initially 
the system has negligible costs over its lifetime. 

• While installation is unsophisticated, 25% in-
stallation cost will be included for consistency 
with the literature [5]. 

• Table 1 gives the total estimated construction 
cost for the unit, these costs are based on real 
purchase prices. 

• Membrane replacement rate is 10% yearly 
based on an assumption of medium salinity 
brackish water [5], unit life expectancy is fifteen 
years, and there are zero pre-treatment costs. 

Item: Quantity: Cost/Item:

Plastic Solar 
Thermal

6.6 m2 21.00

10 LPM Pump 1 52.97

Fittings 6 1.30

Tubing 2.5 m 0.40

200L Tank 2 25.97

Membrane Cell 1 123.00

85W PV 2 99.93

28 Amp Charge 
Controller

1 29.99

660W Inverter 1 55.88

12V Battery 1 18.99

Mis. cables + 
battery clamps

1 11.12

Total Cost: $691.20

Table 1: System Cost Breakdown

Future Work

1) With further experiment, an optimized relationship between plastic solar thermal, mem-
brane area, and tank size could be found further reducing costs per m3. This work was done 
using a membrane 1/100th of the size that would be used in a practical application; a better 
understanding of the utility of the system could be found from finding this relationship. 
2) Installing the solar panel and testing the system off-grid would provide an accurate account 
of the solar needs, and perhaps be more efficient than the conservative estimate made here. 
3) A few key improvements could improve the efficiency of the system, these include: provid-
ing the solar thermal with a gravity fed feed, installing additional temperature probes, and col-
lecting local solar irradiance data.
4) Feed mass flux will be varied and compared to permeate flux to optimize feed mass flux. 
5) Thermal energy storage can be added and thermal efficiency analysis performed to deter-
mine if it is cost efficient. 
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Figure 2: The rate of production increases throughout the day following the temperature in-
crease on the feed side of the system.

Figure 3: Temperature on the 
feed side of the system increas-
es in relation to solar irradiance 
throughout the day. 
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