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H I G H L I G H T S

• An experimental evaluation of a phase change solar collector is presented.
• The influence of different parameters to system efficiency is reported.
• This collector presents an attractive option for solar desalination systems.
• It combines good energy behavior with simplicity in manufacture and low cost.
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Although desalination techniques for the preparation of freshwater from seawater and brackishwater have been
used for decades, they present the problem of high cost, as they are inherently energy intensive processes based
on electricity or fossil fuel consumption. Solar thermal collectors could be used in thermal desalination plants in
order to overcome some of the issues that they currently present, as long as they becomemore cost effective and
efficient. One of the techniques that are under research in order to achieve this is the use of liquids with low
boiling point as heat transfer mediums which minimize thermal losses to the environment by operating in
lower temperatures, and utilize the enthalpy of evaporation. In this paper the experimental evaluation of a
2 m2 novel phase change flat plate solar collector is presented. The influence of the ratio of heat carrier volume
to available collector volume and of the inclination of the collector, as well as of mass flow rate to the efficiency
of the system is assessed in order tofind a combination of the above parameters that optimize collector's efficien-
cy and make solar thermal systems more attractive for possible use in desalination applications. A 50% volume
filament at a 40° inclination, presented an overall better system efficiency which increased proportionally with
increased mass flow rates, leading to an increase of 2 °C per meter of heat exchanger (for a mass flow rate of
5 kg/min) to the heat removal fluid.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Worldwide interest for water sources keeps on expanding whilst
freshwater sources are becoming rarer due to a constant increase in
consumption and themore pronounced effects of climate change, espe-
cially in semi-arid and coastal/islandic areas [10].

According to the literature, worldwide water consumption sur-
passes 4.000 billionm3 annually, and around a quarter of the population
worldwide is experiencing water shortage. In an effort to meet the de-
mand for freshwater, a lot of effort has been put towards desalination
of sea and brackish water. This move is more evident in countries of

the Middle East and North Africa (MENA countries) which have been
long plagued by water scarcity issues [10].

There are currentlymore than 15.000 desalination plantsworldwide
that producemore than 70millionm3 of fresh water daily with the vast
majority using seawater as its source [3].

Water scarcity is not an issue that affects only MENA countries,
drought events are occurring in most areas around the world and cause
serious impacts on the local societies as well as to the local environment
and economy. For instance, Greece experienced a drought during the
2006–07 period, which lead to a reduction of primary agricultural pro-
duction and heavily impacted the constant supply of freshwater [26].

In the case of Greece, the existence of a great number of remote
islands which attract a large number of tourists seasonal, heavily bur-
dens the local fresh water resources, as it places a strong seasonal vari-
ation in water demand during summer, when thewater resource is at a
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premium. This has led to a number of desalination plants in various
islands throughout the Aegean in order to cover these needs. The situa-
tion presented above is not unique in Greece, as Greece's hydrologic re-
gime is similar to that of most Mediterranean countries [10].

Although desalination techniques for the preparation of seawater
and brackish water have been used for a number of years and can
help with the current water shortage problem, they present the prob-
lem of high cost, as they are inherently energy intensive processes
that are based on fossil fuel consumption. This impacts the sustainability
of these plants heavily, as apart from the high cost, the insular nature of
the areas that require their use provide serious logistical problems.

The twomain categories that desalination technologies can be divid-
ed are, thermal which use heat to vaporize fresh water and reverse os-
mosis that uses high pressure in order to separate fresh water through
a membrane from sea water or brackish water [23]. The use of renew-
able energy as an energy source for desalination plants has been studied
by a number of researchers during the last decades [20], but real life de-
ployment has been minimal, with less than 1% of today's desalination
capacity being attributed to renewable energy. Solar energy is the dom-
inant renewable energy formused either by employing photovoltaics or
solar thermal systems providing electricity for the equipment or heat
for the desalination process [10].

Solar powered/driven desalination has attracted a lot of attention,
and a lot of research has been carried out worldwide. Researchers
have investigated solar coupled thermally driven conventional desali-
nation plants, employing either Multi-Stage Flash (MSF) or Multi-Effect
Distillation (MED) technologies that nowadays cover almost 22% of
plants in operation. The low specific energy requirements that mem-
brane technology presents, gave a significant advantage to Reverse
Osmosis (RO) desalination plants which consist 16% of the total. In the
majority of the solar coupled thermally driven systems the mean oper-
ating temperature ranges between 45 and 90 °C [2,9].

Thermal desalination plants, which are based on the principles of
evaporation and condensation, could employ solar thermal collectors
in order to solve some of the problems that they currently present, as
currently the cost of solar desalination ranges between 3 and 9 €/m3,
which correspond to between 4 and 12 $/m3, [23] depending on the
technology used and the scale of the plant [6,15].

In Greece desalination plants were introduced in the late 1980′s in
many islands of the Aegean Sea which were only partly supplied by
local groundwater sources as well as in smaller islands like Milos,
Kimolos, Symi and Kastelorizo among others that possess insufficient
water resources andhave to be supplied via tanker ships at a high cost [8].

Seawater desalination using solar energy is an emerging option for
these islands, especially as the high seasonality of water demand (due
to irrigation and tourism) during the summer coincides with the high
solar potential availability and today there are more than thirty plants
in operation [13] with an operating cost that ranges from 0,13 €/m3 to
2,70 €/m3 [27]. Most of them use reverse osmosis techniques.

It is obvious that in order for solar thermal desalination systems to
become more cost effective, low cost and more efficient solar collectors
are necessary that can operate at higher temperatures and mass flow
rates [15,16]. During the last few years a lot of effort is put towards
the optimization of flat plate collector efficiency [4,24]. One of the tech-
niques employed is the use of liquids with low boiling point as the heat
transfer fluid in solar collectors. The collectors that employ this tech-
nique are called phase change collectors.

In this paper an experimental evaluation of a phase change heat-
plate solar collector is presented as a continuation of previous work
[17,18] as a cost effective solution for solar thermal desalination plants.
Furthermore, the influence of the ratio of heat carrier volume to avail-
able volume inside the pipe, of mass flow rate, as well as from the incli-
nation to system efficiency is reported. The novelty of the current
collector is that the copper pipes are welded in the upper part with a
double shell copper heat exchanger that acts as a condenser that is
more compact andwith a considerable smaller volume than that of pre-
vious studies [19,21] making production easier and with lower cost.

2. Heat plate collector description

In its simplest form, a heat-pipe is a sealed tube inside of which a
small amount of liquid (such aswater or ethanol) that presents high va-
pour pressure is placed, in low vacuum conditions. When such a pipe is
inclined and heated, liquid will quickly evaporate and the vapours
formed will rise to the upper part where they can condense by giving

Fig. 1. Operation principle of a heat plate.
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