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HIGHLIGHTS GRAPHICAL ABSTRACT

« The effect of number of stages in a
multi-effect active solar still was
studied.

« The system performance in
continuous and non-continuous
modes was compared.

« Experiments were performed on 4
similar solar stills with different
stages.

« Productivity can be predicted by a
quadratic function of number of
stages.

« Productivity enhancement by adding
more stages is higher in continues

mode.
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ditions. In addition, water production was hourly measured during the whole 24-h experiment. The
results show that with increased number of stages, distillate production can be predicted with a qua-
dratic function. Moreover, adding a maximum of 6 and 10 additional stages can significantly increase pro-
The number of stages duction in continugus and non—contipuous modes, respgctively. It was also concluded that with more
Continuous and non-continuous modes stages, the production enhancement is more in the continuous mode compared to the non-continuous
Solar energy mode, in a way that there is no significant difference between the performance of the single-stage device
Water desalination in continuous and non-continuous modes.

Keywords:
Multi-effect active solar still

© 2014 Elsevier Ltd. All rights reserved.

* Corresponding author. Tel.: +98 711 2303071; fax: +98 711 6287294.
E-mail addresses: rahimpor@shirazu.ac.ir, mrahimpour@ucdavis.edu (M.R. Rahimpour).

http://dx.doi.org/10.1016/j.apenergy.2014.09.082
0306-2619/© 2014 Elsevier Ltd. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.apenergy.2014.09.082&domain=pdf
http://dx.doi.org/10.1016/j.apenergy.2014.09.082
mailto:rahimpor@shirazu.ac.ir
mailto:mrahimpour@ucdavis.edu
http://dx.doi.org/10.1016/j.apenergy.2014.09.082
http://www.sciencedirect.com/science/journal/03062619
http://www.elsevier.com/locate/apenergy

M.R. Karimi Estahbanati et al./Applied Energy 137 (2015) 46-55 47

1. Introduction

One of the methods for addressing the water crisis is desali-
nation, which is recognized as a stable source for the production
of water. The problems arise from the consumption of a signifi-
cant amount of energy during the desalination process [1]. Since
this process needs a significant amount of energy, supplying it
with fossil fuels will result in many adverse effects on the
environment due to the emission of significant amounts of
greenhouse gases (about 3.8 kg CO,-equivalents (CO,-e) per m>
of desalinated water) [2]. Renewable energies are recommended
in order to deal with this problem. One of the available renew-
able energies for the desalination of brackish water is the solar
energy. Research has indicated that solar stills may be econom-
ically viable if a small deal of water is required, and it is costly
to provide the pipework required for supplying an arid area with
water [3].

Valuable research has been conducted on various types of solar
stills to date [4]. Solar stills can be classified into passive and active
and also single-stage and multi-effect groups based on different
viewpoints. Passive systems [5] receive energy from merely direct
solar irradiation. Furthermore, other than the solar energy received
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directly, active systems [6-8| receive energy from an external
resource to expedite water evaporation rate. Single-stage systems
[9,10] use the input energy only once, while multi-effect systems
[11,12] reuse the energy released from the vapor condensed in
the next stage for desalination.

As the name suggests, a multi-effect active solar still is a device
benefiting from the advantages of both multi-effect and active sys-
tems. Having multiple stages is its most prominent feature com-
pared to ordinary solar stills and allows for multiple practical use
of the input energy. However, due to thermal dissipation and the
fact that systems are not ideal, this is not fully achieved in real con-
ditions. Therefore, the effect of the number of stages is one of the
most important parameters in multi-effect solar stills which
should be investigated.

Fernandez and Chargoy [13] investigated the annual perfor-
mance of a 7-stage solar still. They concluded that the basic princi-
ple of multi-effect desalination of seawater is sound and reliable,
and can result in very simple operation of the ensuing apparatus.
However, further effort must be made to determine a more suc-
cessful sizing of the distillation unit.

To our knowledge, no experimental research has been con-
ducted on the optimization of the number of stages in multi-effect
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Fig. 1. The schema of the 4-stage device (a) a cutaway diagram of the evaporation chamber and (b) the experimental set-up.
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