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Abstract: The efficiency of a solar collector is a key factor for the 

performance of thermal facilities. As the weather conditions vary 

continuously during the day, the instant collector efficiency 

depends not only on the components employed in its construction 

but also on the actual environmental conditions. As per the 

previous works by different authors, it has been found that, the 

open air/closed water HD desalination system is suitable at 

Gujarat location which has low relative humidity of air. In open 

air/closed water system increasing mass flow rate increase the 

productivity. In flat plate air heaters cost incurred due to 

insulation cladding are more so the air heaters with less amount 

of insulation are required to develop. 

1. INTRODUCTION 

Drinking water of acceptable quality has become a scare 
commodity. In India, especially in Gujarat long coastal line 
from Kutch to Selvassa via khumbhat, large sea water is 
available. Valsad, Surat, north Gujarat where underground 
water having high salt concentration which is not suitable for 
human use. Nandesari, Bharuch, vapi and ankleshwar, 
suffering pollute water due to industrial growth. Therefore, 
desalination has become an important technique to provide 
fresh water.  

Water desalination using Humidification-Dehumidification 
technique present several advantages, such as flexibility in 
capacity, easy installation, moderate operation cost, simplicity 
and decentralized application. 

Energy use has become a critical concern in the last decade. 
Moreover environmental issues of conventional energy 
resources, such as climate change and global warming, Due to 
rapid growth in conventional fuel price and environmental 
constraint, traditional energy supply shifted to renewable 
energy sources. Among all renewable energy sources, solar 
power attracted more attention because solar energy is 
abundance, free and clean, which doesn’t make any noise or 
any kind of pollution to environment.  

The absolute value and the intensity of solar radiation over a 
year depend strongly on latitude. Tropic of Capricorn passing 
through Gujarat, the average monthly isolation is evenly 
distributed through the year. 

 

Fig. 1. Classification of Solar distillation [44] 

The daily average solar energy incident over India varies from 
4 to 7 kWh/m2 with about 1500–2000 sunshine hours per 
year, depending upon location. The global solar insulation 
receive in Gujarat is more than 5.25 kwh/m2/day. 

1.1. Humidification–Dehumidification Process 

Bourouni has reviewed the principle of functioning of the HD 
process. The HD process is based on the fact that air can be 
mixed with large quantities of water vapor the vapor carrying 
capability of air increases with temperature: 1 kg of dry air can 
carry0.5 kg of vapor and about 670 kcal when its temperature 
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increases from 30°C to 80°C. When flowing air is in contact 
with salt water, a certain quantity of vapor is extracted by air, 
which provokes cooling. Distilled water, on the other hand, 
may be recovered by bringing the humid air in contact with a 
cooled surface, which causes the condensation of part of the 
vapor in the air. Generally, the condensation occurs in another 
exchanger in which salt water is preheated by the latent heat of 
condensation. An external heat contribution is therefore 
necessary to compensate for the sensitive heat loss. The HD 
technique is especially suited for seawater desalination when 
the demand for water is decentralized. 

1.2 Thermodynamic Process Involved in HD Technique 

Heating and Humidifying of air can be described using the 
psychometric chart, An airflow with initial temperature and 
initial humidity as indicated in the item 1, i.e. 25ºC and 10g of 
water per kg of dry air, can be heated up to 80ºC (item 2) and 
humidified by adiabatic injection of water to increase its 
humidity up to 30g/kg of air accompanied by decrease in the 
temperature.  

 

Fig. 2. Thermodynamic Processes  

Involved In HD Technique [43] 

1.3 Closed-air open-water (CAOW) water-heated systems 

A typical CAOW system is shown in Fig.4. The humidifier is 
irrigated with hot water and the air stream is heated and 
humidified using the energy from the hot water stream. This 
process on the psychometric chart is represented by the line 1–
2 (Fig. 4).The humidified air is then fed to the dehumidifier 
and is cooled in a compact heat exchanger using seawater as 
the coolant. The seawater gets pre-heated in the process and is 
further heated in a solar collector (Qin indicated in Fig.4 is the 
heat absorbed in the solar collector by the seawater as used in 

the calculation of GOR) before it irrigates the humidifier. The 
dehumidified air stream from the dehumidifier is then 
circulated back to the humidifier. This process on the 
psychometric chart is represented by the line 2–1  

 

Fig. 3 Classification of typical HDH processes [43] 

 

Fig. 4. Closed-air open-water (CAOW) water-heated systems [43] 

1.4 Closed-water open-air (CWOA) water-heated 

A typical CWOA system is shown in Fig. 5 In this system the 
air is heated and humidified in the humidifier using the hot 
water from the solar collector then air is dehumidified using 
outlet water from the humidifier. The water, after being pre-
heated in the dehumidifier, enters the solar collector, thus 
working in a closed loop. The dehumidified air is released to 
ambient. The humidification process is shown in the 
psychometric chart (Fig. By line 1–2. Air entering at ambient 
conditions is saturated to a point 2 (in the humidifier) and then 
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the saturated air follows a line 2–3 (in the dehumidifier). The 
air is dehumidified along the saturation line. 

 

Fig. 5 Closed-water open-air (CWOA) water-heated [43] 

1.5 Closed-air open-water (CAOW) air-heated systems 

Another class of HDH systems which has attracted much 
interest is the air-heated system Fig.6 is a schematic diagram 
of a single stage system. The air is heated in a solar collector 
to a temperature of 80–90. C and sent to a humidifier. This 
heating process is represented by the constant humidity line 1–
2 in the psychometric chart (Fig.6), in the humidifier; the air is 
cooled and saturated. This process is represented by the line 
2–3. It is then dehumidified and cooled in the process 3–1 
represented on the saturation line. A major disadvantage of 
this cycle is that the absolute humidity of air that can be 
achieved at these temperatures is very low (<6% by weight). 
This impedes the water productivity of the cycle. 

 

Fig. 6 Closed-air open-water (CAOW) air-heated systems [43] 

1.6 Air-heated CWOA HDH process 

The air after getting heated in the solar collector (line 1–2) Air 
humidified in the evaporator (line 2–3) it is dehumanized in 
the condenser  

 

Fig. 7 Air-heated CWOA HDH process [43] 

Desalination research and developments of new technologies 
for small capacity plants is strongly hampered by the rapid 
progress of the reverse osmosis process (RO). Also another 
important factor is the use of the ever reliable and large scale 
multi-stage flashing desalination plants (MSF). Also, use of 
water distribution networks is common even for remote and 
small population areas. This makes development and use of 
new technologies highly challenging because of difficulties 
another important factor is the use of the ever reliable and 
large scale multi-stage flashing desalination plants (MSF). 
Also, use of water distribution networks is common even for 
remote and small population areas. This makes development 
and use of new technologies highly challenging because of 
difficulties in applying and accepting new technologies and 
lack of field experience. Irrespective of these facts, the capital 
for MSF plants together with an intensive water distribution 
system is very large. Also, the RO process requires high level 
of technology for membrane synthesis and module 
preparation. In addition, feed pretreatment for the RO process 
is necessary and intensive in most cases. 

2. LITERATURE REVIEW 

Air heating collectors have been occasionally used since 
World War II, mostly for low temperature space heating 
applications. The collectors are typically flat plate with large 
airflow channels. Air flows over or under the absorber plate, 
and double-pass strategies are sometimes employed. The 1959 
Colorado Solar House [5] used a glass and metal collector 
with many glazing’s staggered on top of each other, and 
achieved 30% efficiency. 



A Review of Circular Solar Collector for  
Close- Water, Open-air (CWOA) air Heated Humidification and Dehumidification Process 13 

Journal of Basic and Applied Engineering Research (JBAER) 
Print ISSN: 2350-0077; Online ISSN: 2350-0255; Volume 1, Number 9; October, 2014 

 

Fig. 7 Air heating collectors from the  

Colorado Solar House [5] 

1960’s, solar energy was developed in India as a means of 
cheap energy for crop drying. Gupta and Garg [6] tested 
several designs that used both corrugated absorber surfaces as 
well as wire mesh packing over the absorber. They showed 
that corrugated surfaces performed better than those enhanced 
with wire mesh, achieving a maximum of 65% overall energy 
conversion efficiency.  

A design by Close [23] was able to achieve temperatures of 
around 65

 

deg C with a collector efficiency of 50%. This study 
also investigated the use of corrugated absorber surfaces to 
maximize heat transfer by increasing surface area, and used a 
trapped layer of air between the single glazing surface and 
absorber. 

Initial experiments using polymer materials were done by 
Hillier,[7] who tested glazing made of Tedlar, a polyvinyl 
fluoride (PVF) film. It was found that, despite higher heat 
losses from the Tedlar, its improved transmittance 
compensated. It worked especially well when there was more 
than one glazing, and only the outer glazing was glass. 

Using multiple glazing’s, forcing air through jets to create 
more turbulence to enhance heat transfer near the absorber 
plate, and circulating air between the glazing’s. Satcunanathan 
and Deonarine [25] also explored passing air between multiple 
glazing before heating it, and they found collector efficiency 
gains of 10-15%.  

These surfaces are prone of corrosion and fouling especially in 
the presence of humid air. With the advent of new types of 
polymers it became possible to experiment with new designs 

that used materials with much lower thermal conductivity. 
Interest in polymer materials also occurred with Bansal [8] 
who tested PVF glazing in the environment for an extended 
period of time and found increased collector performance with 
PVF glazing.  

Use of pickings to enhance heat transfer were investigated by 
Choudhury and Garg [9] who achieved a collector efficiency 
of 70% by using a packing material placed above the absorber 
plate and allowing air to pass through it. Sharma et al. [24] 
used a wire matrix packing above the absorber plate to 
enhance heat transfer. 

Improving Convective Heat Transfer and Air Residence Time, 
Modern air heater designs have focused mainly on improving 
convective heat transfer at the absorber. Mittal and Varshney 
[10] investigated using wire mesh as a packing material, with 
air flowing between the absorber and the second glazing 
through the mesh, achieving a collector efficiency of 70%. 

 

Fig. 8 Flow paths from Mittal and Varshney [10] 

Mohamad [11] found that a packed bed of porous media 
improved heat transfer as well as pre-warming the air by first 
running it between two glazing plates. This also improved 
collector efficiency by reducing heat loss to the environment, 
and helped achieve an overall efficiency, which accounts for 
pumping losses for moving air through the collector, of 75%  

Esen[12] compared several obstacles mounted on a flat plate 
to a plain flat plate and found that short triangular shaped 
barriers improved heat transfer efficiency the most by 
breaking up the boundary layer and reducing dead zones in the 
collector.  

Sahu and Bhagoria [13] used short (1.5 mm) ribs 
perpendicular to the absorber plate to break up airflow as it 
went over the absorber plate and ribs  
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Fig. 9 Roughened Absorber Plates [13] 

Romdhane[14] used small extensions from a metal plate to 
improve mixing of air on the plate. These extensions had the 
advantage of not increasing pressure drop like packed bed 
solar air heaters  

Ho et al. [15] increased the collector efficiency of a flat metal 
absorber plate to 68% by running the air above and below the 
absorber plate  

 

Fig. 10 Flow paths for heater [15] 

Ramadan et al. (2007)[16] also reported an efficiency increase 
using double pass heating in addition to using a limestone 
packing above the absorber plate and passing air through it.  

 

Fig. 11 Flow paths for a packed bed air heater [16] 

A selective absorber coating is a coating that has a high solar 
absorptivity, and low infrared emissivity. These coatings can 
help improve efficiency by increasing the absorptivity of the 
absorber plate and decreasing radiative loss. However at low 
temperature differences between the absorber and the 
environment, there is little improvement. Hachemi [17] 
studied the effect of selective surfaces on a solar air heater  

 

Fig. 12 Configuration of impinging fins [17] 

Texieria et al. [18] found a doubling of efficiency for an 
unglazed flat plate operating at a temperature difference of 70 
0C and solar irradiation of 1000 W/m2 using selective 
surfaces as opposed to non-selective surfaces. This design's 
greatest enhancement was the addition of a selective surface as 
opposed to changing the absorber shape or adding glazing or 
additional insulation. 

Liu et al. [19] found only a 5% efficiency increase when using 
selective coatings on a corrugated absorber in a single-glazed 
solar air heater using a heavily insulated back plate with air 
flowing under the absorber. This compares with a reported 
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20% increase in efficiency by adding corrugation and not 
using selective surfaces. 

Other attempts have been made to improve existing flat plate 
absorber with limited success. These designs sacrifice 
efficiency for simplicity. Koyuncu [20] compared several flat 
plate designs, with one ribbed plate design, and several 
glazing configurations. The most efficient, at 45.8%, was flat 
black metal plate with a single polymer glazing, and air 
passing over the absorber. Matrawy [21] used fins below the 
absorber plate to enhance heat transfer to the air as it flowed 
under the absorber, but only achieved 50% collector 
efficiency. All printed material, including text, illustrations, 
and charts, must be kept within a print area of 6-7/8 inches 
(17.5 cm) wide by 8-7/8 inches (22.54 cm) high. Do not write 
or print anything outside the print area. All text must be in a 
two-column format. Columns are to be 3-1/4 inches (8.25 cm) 
wide, with a 5/16 inch (0.8 cm) space between them.  

Text must be fully justified. A format sheet with the margins 
and placement guides is available in both Word and PDF files 
as <format.doc> and <format.pdf>. It contains lines and boxes 
showing the margins and print areas. If you hold it and your 
printed page up to the light, you can easily check your margins 
to see if your print area fits within the space allowed. 

3. SOLAR AIR HEATER 

Solar air heater is device, which is used to increase the 
temperature of flowing air through the heater. Solar air heaters 
are used for moderate temperature applications like: Space 
heating. Crop drying. Timber seasoning Industrial applications 
also the solar air heater is a vital component of a HD 
desalination system.  

3.1 Comparison of Performance 

The standard metric of a solar air heater's performance is the 
collector thermal efficiency. 
It is defined by, 

 

Where, terms are defined in nomenclature. It is the energy 
gain of the airstream divided by the total solar energy incident 
on the collector. This definition of performance is that used by 
the ASHRAE 93-2003 Standard for solar collector testing [4] 
and it defines both the instantaneous and time averaged 
efficiencies when evaluating dynamically changing solar 
radiation inputs and temperature profiles. 

4. IMPROVEMENT ON MORE BASIC DESIGNS 

Other attempts have been made to improve existing flat plate 
absorber with limited success. These designs sacrifice 
efficiency for simplicity. Koyuncu [20] compared several flat 

plate designs, with one ribbed plate design, and several 
glazing configurations. The most efficient, at 45.8%, was flat 
black metal plate with a single polymer glazing, and air 
passing over the absorber. Matrawy [21] used fins below the 
absorber plate to enhance heat transfer to the air as it flowed 
under the absorber, but only achieved 50% collector 
efficiency. 

4.1 Comparison of Designs in Academic Literature 

When evaluating the performance of different solar air heaters 
it is necessary to take into account a variety of parameters. 
Performance data varies widely among academic literature. 
The following table summarizes some air heaters for which 
the necessary performance parameters if given with other 
important operation and performance parameters listed if 
known. Some values in the table were calculated from other 
parameters. 

Table No. 1 Operating conditions of solar air heaters in 

literature. 

Author 
dh  

m 

ṁ 

kg/s  

I 

W/m2 

 
oC 

 

[oC] Η 

Romdhane [14]      60 80% 

Sahu and Bhagoria [13] 0.044 0.0164 8000 815 53 12 79.5% 

Mohamad [11]       75% 

Ramadan et al.[16] 0.214 0.0105 1026 662 68.5 38.5 45.3% 

Mittal andVarshney[10] 0.047 0.025 6291 600 48 18 70% 

Ho, Yeh, and Wang [15] 0.086 0.0214 6693 1100   68% 

Satucunanathan and 
Deonarine[25] 

0.073 0.0418 5378 850  23.8 68% 

Esen [12]  0.02  900 28.9 23.3 53% 

Close [23] 0.157 0.2842 31091 504 54.4 30.8 40% 

Sharma et al. [24] 0.328 0.0165 1627 900 50 14 50% 

Matrawy [21] 0.095 0.0140 1459 800 63 33 50% 

Koyuncu [20]    1000 45 15 46% 

Chafik [22] 0.011 0.0006 2411 800 48 22 40% 

5. ACKNOWLEDGEMENTS 

This work was supported by H.S.Chokshi, Asso. Prof., Faculty 
of Tech. and Engg, The M.S. University of Baroda, Vadodara 
and Dr. V. Shiva Reddy, Principle Scientist, SPERI, V.V. 
Nagar, Anand, Gujarat.  

REFERENCES 

[1] S.P.Sukhatme, Solar Energy, Principles of thermal collection 
and storage, II-adition-1997. 

[2] Khedr M.Techno Economic Investigation of an Air 
humidification–dehumidification Desalination Process.ǁ 
Chemical Engineering Technology 1993; 16: 270–4 

[3] Winston R. Solar concentrators of novel design. Solar Energy 
1974; 16:89–95. 

[4] D. Rojas, J. Beermann, S. A. Klein, and D. T. Rekindle, 
"Thermal performance testing of flat-plate collectors," Solar 
Energy, vol. 82, no. 8, pp. 746-757, August 2008. 



16 Anil M. Patel, H.S. Chokshi, Mandar M. Sumant 

Journal of Basic and Applied Engineering Research (JBAER) 
Print ISSN: 2350-0077; Online ISSN: 2350-0255; Volume 1, Number 9; October, 2014 

[5] G. Lof, M. El-Wakil, and J. Chiou, "Residential heating with 
solar-heated air colorado solar house," ASHRAE Journal, vol. 5, 
no. 10, pp. 77-86, 1963. 

[6] C. L. Gupta and H. P. Garg, "Performance studies on solar air 
heaters," Solar Energy, vol. 11, no. 1, pp. 25-31, January-March 
1967. 

[7] A. Whillier, "Plastic covers for solar collectors," Solar Energy, 
vol. 7, no. 3, pp. 148-151, July-September 1963. 

[8] N. Bansal, "Thermal performance of plastic film solar air and 
water heaters," International Journal of Energy Research, vol. 
11, no. 1, pp. 35-43, Jan-March 1987. 

[9] Choudhury, C. and Garg, H.P., (1993). Performance of air 
hating collectors with packed air flow passages, Solar Energy, 
50, 205-221. 

[10] M. Mittal and L.Varshney, "Optimal thermohydraulic 
performance of a wire mesh packed solar air heater," Solar 
Energy, vol. 80, no. 9, pp. 1112-1120, September 2006. 

[11] A. Mohamad, "High efficiency solar air heater," Solar Energy, 
vol. 60, no. 2, pp. 71-76, February 1997.. 

[12] H. Esen, "Experimental energy and energy analysis of a double-
flow solar air heater having different obstacles on absorber 
plates," Building and Environment, vol. 43, no. 6, pp. 1046-
1054, June 2008. 

[13] M.Sahu and J.Bhagoria, "Augmentation of heat transfer 
coefficient by using 90 degree broken transverse ribs on 
absorber plate of solar air heater," Renewable Energy, vol. 30, 
no. 13, pp. 2057-2073, October 2005. 

[14] B. S. Romdhane, "The air solar collectors: Comparative study, 
introduction of baffles to favor the heat transfer," Solar Energy, 
vol. 81, no. 1, pp. 139-149, January 2007. 

[15] C. Ho, H. Yeh, and R. Wang, "Heat-transfer enhancement in 
double-pass flat plate solar air heaters with recycle," Energy, 
vol. 30, no. 15, pp. 2796-2817, November 2005. 

[16] M. Ramadan, A. El-Sebaii, S. Aboul-Enein, and E. El-Bialy, 
"Thermal performance of a packed bed double-pass solar air 
heater," Energy, vol. 32, no. 8, pp. 1524-1535, August 2007.. 

[17] A. Hachemi, "Technical note: Comparative study on the thermal 
performances of solar air heater collectors with selective and 
nonselective absorber-plate," Renewable Energy, vol. 17, no. 1, 
pp. 103-112, May 1999. 

[18] V. Teixeira, E. E. Sousa, M. Costa, C. Nunes, L. Rosa, M. J. 
Carvalho, M. Collares-Pereira, E. Roman, and J. Gago, 
"Spectrally selective composite coatings of Cr-Cr203 and Mo-
A1203 for solar energy applications," Thin Solid Films, vol. 
392, pp. 230-326, 2001. 

[19] T. Liu, W. Lin, W. Gao, C. Luo, M. Li, Q. Zheng, and C. Xia, 
"A parametric study on the thermal performance of a solar air 
collector with a v-groove absorber," International Journal of 
Green Energy, vol. 4, no. 6, pp. 601-622, November 2007. 

[20] T. Koyuncu, "Performance of various design of solar air heaters 
for crop drying applications," Renewable Energy, vol. 31, no. 7, 
pp. 1073-1088, June 2006. 

[21] K. K. Matrawy, "Theoretical analysis for an air heater with a 
box-type absorber," Solar Energy, vol. 63, no. 3, pp. 191-198, 
September 1998. 

[22] E. Chafik, "A new type of seawater desalination plants using 
solar energy," Desalination, vol. 1, no. 153, pp. 25-37, 2002. 

[23] D. J. Close, "Solar air heaters for low and moderate temperature 
applications," Solar Energy, vol. 5, no. 3, pp. 117-124, July-
September 1963. 

[24] V. K. Sharma, S. Sharma, R. B. Mahajan, and H. P. Garg, 
"Evaluation of a matrix solar air heater," Energy Conversion and 
Management, vol. 30, no. 1, pp. 1-8, 1990. 

[25] S. Satcunanathan and S. Deonarine, "A two-pass solar air 
heater," Solar Energy, vol. 15, no. 1, pp. 41-49, May 1973. 

[26] Madani AA. Economics of desalination for three plant sizes. 
Desalination 1990; 78(2):187–200. 

[27] www.sciencedirect.com/science/article/pii 
[28] H. Garg, "Year round performance studies on a built-in storage 

type solar water heater at jodhpur, India," Solar Energy, vol. 17, 
no. 3, pp. 167-172, 1975. 

[29] S.A. Kalogirou / Progress in Energy and Combustion Science 30 
(2004) 231–295 

[30] Anna Mani, Hand book of Solar radiation data for India, 1980, 
Allied publication Pvt.Ltd www.solartribue.com 

[31] Al-Hallaj, S., M.M. Farid and A.R. Tamimi, Solar desalination 
with a humidification dehumidification cycle: Performance of 
the unit, Desalination, Vol. 120 Part 3, pp. 273–280, 1998. 

[32] Hisham Ettouney, Design and analysis of humidification 
dehumidification desalination process Received 7 February 
2005; accepted 15 March  

[33] N.K. Nawayseh, M.M. Farid, A. Omar, S.M. Al-Hallaj and A. 
Tamimi, A simulation study to improve the performance of a 
solar humidification-dehumidification desalination unit con- 
structed in Jordan. Desalination, 109 (1997) 277–284 

[34] Y.J. Dai and H.F. Zhang, Experimental investigation of a solar 
desalination unit with humidification and dehumidification. 
Desalination, 130 (2000) 169–175. 

[35] H. Muller-Holst, M. Engelhardt, M. Herve, W. SchOlkopf, 
SOLARTHERMAL SEAWATER DESALINATION 
SYSTEMSFOR DECENTRALISED USE 

[36] Miiller H., Engelhardt M., Hauer A., SchtilkopfW. (1996): 
Solarthermal Seawater Desalination using a Multi Effect 
Humidification System, Proceedings FAO-SREN Workshop on 
Decnetralized Rural Energy Sources, March 18-21, Freising, 
Germany  

[37] Karan H. Mistry a, John H. Lienhard V a, *, Syed M. Zubair b 
Effect of entropy generation on the performance of 
humidification-dehumidification desalination cycles 

[38] K.Zhania,H.BenBacha Experimental investigation of a new 
solar desalination prototype using the humidification 
dehumidification principle 

[39] S.Rittidech*, A. Donmaung, K. Kumsombut, Experimental 
study of the performance of a circular tube solar collector with 
closed-loop oscillating heat-pipe with check valve (CLOHP/CV) 

[40] G. Prakash Narayan 1, Mostafa H. Sharqawy1, Edward K. 
Summers1, John H. Lienhard1,*, Syed M. Zubair 2 and M. A. 
Antar2., The potential of solar-driven humidification-
dehumidification desalination for small-scale decentralized 
water production 

[41] Soteris A. Kalogirou* Solar thermal collectors and applications, 
Received 18 June 2003; accepted 10 February 2004 

[42] G. Prakash Narayan a, Mostafa H. Sharqawy a, Edward K. 
Summers a, John H. Lienhard a,*, Syed M. Zubair b, M.A. 
AntarPotential of solar driven HD desalination for small scale 
decentralized water production, Renewable and Sustainable 
Energy Reviews 14 (2010) 1187–1201 

[43] Muhammad Tauha Ali ∗, Hassan E.S. Fath,Peter R. Armstrong, 
A comprehensive techno-economical review of indirect solar 
desalination, Renewable and Sustainable Energy Reviews 15 
(2011) 4187–4199. 

 


