926

© IWA Publishing 2019 Water Supply

|

19.3

|

2019

Experimental investigation of a poly-energy multi-effect
still in Algeria
Amina Abdessemed, Ilies Boubekeur, Noureddine Boublai
and Cherif Bougriou

ABSTRACT
The present paper presents a realization of a poly-energy four-stage still, which can operate with
three different sources of: electrical resistance (photovoltaic panel), photo-thermal solar collector
and vegetable or animal waste. In this work, the effect of the position and the number of trays on the
water productivity of a multi-effect still has been experimentally investigated for the ﬁrst time.
A plate was used, then placed in different heights, and then two and three and ﬁnally four trays were
used. It is concluded that the effect of the tray position has a great inﬂuence on the production of
distilled water in contrast to the number of trays, and when increasing the number of trays, the
production of the distilled water is increased. The maximum production obtained from distilled water
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is 1 l/h.m². The use of a solar panel for the production of distilled water is unnecessary in oilproducing countries where energy is subsidized. These devices or their components are generally
imported and their cost is very expensive. The damping time of these devices is very long.
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INTRODUCTION
One of the major problems in the world, and particularly in

et al. , ), passive multi-basin (Al-Karaghouli &

the third world, is the unavailability of fresh water,

Alnaser ), active multi-basin (Karimi Estahbanati et al.

especially in arid areas. Desalination systems using tra-

), tubular (Arunkumar et al. ) and inverted absorber

ditional fuels have been used in many countries of the

(Dev et al. ), which have been constructed and studied

Middle and Near East to produce fresh water. It is interest-

to date. Moreover, valuable reviews on solar stills can be

ing to note that many of these countries where desalination

found in the literature (Velmurugan & Srithar ; Xiao

has been widely used are characterized by a high intensity of

et al. ).

incident solar energy. Many experimental and numerical

Many researchers have studied the performance of solar

studies on the basic types of solar energy have been

multi-stage distillers, such as Kamal (), who studied a

reported in the literature. Therefore, solar stills can be

static solar distiller with a dual slope theoretically and exper-

used as one of the most suitable solar desalination units

imentally. The theoretical model is based on the resolution

for low-capacity, low-cost, simple-to-operate and self-reli-

of the energy equations of the water, the basin and the

ant water supply systems (Taghvaei et al. ).

glass cover. Forecasts of the effects of salt water depth and

Solar stills can be classiﬁed into various types including

thermal insulation thickness are found to be accurate

passive single basin (Kalidasa Murugavel et al. ; Ahsan

when the coverage angle is near its optimal value

et al. ), active single basin (Gude et al. ; Taghvaei

(25.2 Doha latitude). Experimental research was done to
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verify the theoretical model by examining the inﬂuence of

production of distilled water for the double basin is always

design parameters that are not adapted in theory.

40% higher than that of the single basin.

Suneja et al. () presented a parametric study of a solar

Khedim et al. () realized a simple technical means

distillation system with a double-acting inverted absorber.

based on solar energy with a minimum cost for a modest

The results obtained were compared with those of the conven-

drinking water supply. The method used consists in recover-

tional double-acting solar distiller. They observed that the

ing and using the same quantity of thermal energy several

double-acting reverse-absorbent solar distiller gives a higher

times. Its goal is to reduce energy consumption so that

result than the conventional double-acting solar distiller.

solar energy becomes an alternative and competitive

The choice of a solar still depends essentially on its

source in water desalination technology.

operating characteristics. Chaker & Menguy () studied

Fernández & Chargoy () built a solar distiller based

particularly the overall and internal efﬁciency of a spherical

on the principle of a group of stacked trays for parallel dis-

solar distiller. The results obtained show the inﬂuence of

tillation and heat recovery. Heat is supplied to the lowest

external operating parameters (irradiance and meteorology)

tray to heat the sea water. Evaporation of the water in the

as well as the effect of the internal operating parameters

hottest tank causes condensation on the cooler upper part,

(water temperature to be distilled).

thus producing distilled water and heat. The undesirable

Valsaraj () presented an experimental study on a

ﬂow of steam that bypasses the condenser to the tank

single-slope-solar distiller. To heat the water, he used a

immediately above the evaporator is quite detrimental to

folded and perforated aluminium foil ﬂoating above the

the overall efﬁciency of the solar distiller.

water. In this modiﬁcation, solar radiation is intercepted

A new solar thermal desalination system has been

by the leaves ﬂoating on the surface of the water. The ther-

developed and tested under ﬁeld conditions by Schwarzer

mal energy gained by the sheet is transferred to the water

et al. (). The system has two components: a desalina-

molecules at the top layer, from where the water molecules

tion tower with multiple ﬂoors and one or more solar

will escape into the empty air directly through the holes in

collectors. The important advantages of this distiller are:

the sheet.

the excellent quality of drinking water; autonomous

Abu-Arabi et al. () presented a study of a conven-

capacity, the system only works with solar energy; self-regu-

tional double-glazed solar distiller cooled by cold brine.

lation and self-ignition, the modular construction (larger

The function of this brine is to lower the glass temperature

systems can be easily implemented: 35 to 2,000 l/day);

and thus increase the difference in water–glass temperature.

greater drinking water production rate (about 15 to 18 l/

This results in improved performance, which is represented

day/m²) compared with the solar distiller with only one

by a faster evaporation rate of the basin. The performance of

stage (3 to 6 l/day/m²); the possibility of operation with

the distiller is compared with that of a conventional single-

other available energy sources (heat from waste, electrical

glass solar distiller under identical atmospheric conditions.

energy from wind turbines, etc.).

A purely experimental study was presented by Al-Kara-

A transient model was developed by Reddy et al. () for

ghouli & Alnaser (). Two solar distillers were

a multi-stage solar distiller coupled to a plane sensor to deter-

manufactured and tested. Both have the same basin section

mine optimal design and system conﬁguration performance.

and the same interior dimensions. The hourly amount of

To appreciate the model developed by Adhikari et al.

distilled water produced, the various temperatures and

(), numerical calculations were carried out to optimize

insulation were monitored for a period of ﬁve months (Feb-

the various design parameters, namely: the number of

ruary to June). The highest daily production of distilled

stages, the surface area of the evaporation surface and the

water was obtained in June for both types of distillers

intensity of the solar radiation corresponding to the climate

because the sunshine during that month was higher than

of Delhi, India. The effect of the useful life of the distillation

the other months. The addition of Styrofoam insulation

unit on the cost of distilled water was also examined. They

materials 2.5 cm thick on the sides of the solar distillers

discussed the sensitivity of the cost of distilled water with

increased the water production rate. The average daily

reference to the lifetime of distilled water with reference to
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the useful life of the distillation chamber, the cost of the

distillation unit of four stages. The distillation unit made

solar collector and other associated parameters.

can work with electrical resistance, photo-thermal solar col-

Khedim () studied in this context a multi-stage sea

lector and vegetable or animal waste.

water distiller with heat recovery. It is therefore a matter of

The system in the present research consisted of a basin

ﬁnding a mode of operation enabling the distiller to obtain

chamber whose role is to bring water in the stages of the dis-

the best efﬁciency when the thermal energy is recovered sev-

tiller. It acts as the evaporator of the water using the tube coil

eral times. This method of recovering and using several times

which conveys the coolant ﬂuid of the solar collector (plane,

the same amount of solar energy captured is intended to sig-

parabolic, etc.). The basin also contains electrical resistance

niﬁcantly reduce energy consumption. Experience shows

that runs on a normal or solar power grid (photovoltaic).

that the system provides good performance.

The distiller tested has trays of circumﬂex accent type, and a

Shatat & Mahkamov () experimentally studied the

schema of the experimental set up is presented in Figure 1.

performance of a multi-stage distiller coupled to a vacuum

As illustrated in this ﬁgure, the basin chamber was made of

tube solar collector with an opening area of 1.7 m2. The test

four separated stages which are located on top of each other.

results showed that the system produced about 9 kg of fresh

Trays are the most important elements for distillation

water per day and a solar collector efﬁciency of about 68%.

and are made of galvanized iron; they form a barrier for

However, the overall efﬁciency of the laboratory testing facil-

water vapour to condense in contact with the cold walls of

ity was 33% due to excessive heat loss in the system.

the trays containing cold water. The effective evaporation

The effect of the number of stages on the productivity of

surface is 0.40 m2.

an active multi-effect solar distiller was studied experimen-

The volume of the water in the basin is 17 L and the

tally for the ﬁrst time by Karimi Estahbanati et al. ().

quantity of water carried by each stage is 6 L. The water

In addition, the performance of the system in the continuous

depth of the ﬁrst stage is about 3.5 cm and the equivalent

and discontinuous modes was compared. For this purpose,

depth of the trays is 2.5 cm.

experiments were carried out within four similar solar distil-

The angle of the trays was experimentally determined at

lers with different stages (stages 1–4) to precisely control the

5 , but an angle of 8 was considered to make sure all drops

environmental conditions.

are collected. To prevent heat loss, the outer surface of the

For the present paper, a solar still with four stages is rea-

basin is covered with 3 to 6 cm layer of polystyrene. The

lized. The still is poly-energy because it can work with three

side wall in the ﬁrst tests is in Plexiglas for a second

different sources of energy: electrical resistance, photo-ther-

reason to see inside the distiller and the physical phenom-

mal solar collector and vegetable or animal waste.

enon of distillation. This wall is covered with a 6 cm layer

The aim of this work is based on the study and design of

of polystyrene.

a solar still for four stages to get distilled water that will alleviate drinking water needs in daily life. In this work, the
effect of the number and position of the trays on the water
productivity of a multi-effect solar still was experimentally
investigated. The effect of different energy costs of the distillate was also studied.

DESIGN OF THE DESALINATION SYSTEM
System description
This distillation system consists of two different units: one is
the source of heat (solar collector) and the other is the
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In the case of two trays, the temperature of the various
stages is between 55  C and 60  C for the steady state. The

The experiments were performed at the University of Batna

production of the distiller does not exceed 1,000 ml/4 h,

2, Algeria, in the winter and spring seasons, respectively.

and this production is less than that of a single tray (the pre-

Batna is a city located 350 km south-east of Algiers in an

vious case). The maximum is obtained for the trays arranged

arid region, and its geographical coordinates are: latitude:

in the second and fourth stage.



0



0

35 45 north, longitude: 6 19 east. In the ﬁrst tests, we

In the case of the various arrangements of the three trays

used a single tray which is placed at the ﬁrst stage (height

in the distiller, the temperature of the trays varies between

of 15 cm), second (height of 30 cm), third (height of

50  C and 56  C. The maximum production of distilled

45 cm) and fourth stage (height of 60 cm) successively. At

water corresponds to the arrangement of the trays placed

each position of the plate, the temperature and the conden-

near the source of the heat (1,300 ml/4 h). The top stage pro-

sate ﬂow rate are measured.

duces more than the third stage.

In the second experiments, we used two plates and we

For four stages, the temperature of the trays varies from


repeated the same procedure done in the ﬁrst tests, then

55 C to 47  C. The production of distilled water is higher in

we used three plates and ﬁnally four plates.

the ﬁrst stage and then in the last stage. The production of

The distillate production of every stage was measured

the last stage is higher than the second and third stage prob-

every 15 minutes for 4 hours using measuring cylinders

ably due to the condensation of water vapor at the lid of the

with a precision of 10 ml. The temperatures of stages and

distiller. The overall production of the distiller is about

ambient temperature were recorded by thermometers with

1,600 ml/4 h (Figure 2).

probes with an accuracy of ±0.1  C (Figure 1).

When the number of stages increases, the ﬂow of condensate of distilled water increases. In Algeria the prices
of electricity, distilled water produced, distiller and solar

RESULTS AND DISCUSSION

panel are 0.025 €/kWh, 0.025 €/l, 250€ and 600 € respectively. Distilled water is sold at 0.1 €/l.

In order to put in evidence the effect of temperature on the one

By neglecting the other costs (maintenance, manpower,

hand and the amount of distilled water on the other hand, our

interest rates, price updates, etc.), the amortization of the

analysis was devoted to the results obtained for a multi-stage

distiller, which operates with an electrical resistance sup-

solar still whose architecture is in the form of trays stacked

plied with power from the electricity grid, is:

one on top of the other with all probabilities as possible and
at different heights from 15 cm to 60 cm, the pitch being of

250 ¼ 0:1x  0:025x ¼ 0:075x

the order of 15 cm.
It is found that the temperature of each stage increases
progressively until it reaches an almost steady state. In the
case of two stages, three and four stages, the lower stage
temperature is always higher than the stage located above.
Note that the height is in this case the determining factor
for the amount of the distillate obtained; in fact, variations in
heights at the different temperatures used are almost identical


and let
x ¼ 250=0:075 ¼ 3,333 litres
In the case where the distiller produces 0.4 l/h, there is a
need of:
t ¼ 3,333=(0:4 × 24 × 365) ¼ 0:9 year



in the range from 80 C to 90 C since they are all equal to the
temperature of the inlet manifold set by the heating of the

If the distiller operates by solar energy, in the case of the

resistance used; however, the amount of the distillate

solar panel operating on average 12 h/d, the amortization

increases with the raised tray at the high rise of 60 cm, and

time of the installation is:

the distillate level is of the order of 1,800 ml for a period of
240 minutes used (McCabe et al. ).
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Variation of (a) temperature and (b) productivity of distilled water versus time for the solar still with four stages.

The production of distilled water from the distiller operating on the public electricity grid and the one with a solar
panel will be equivalent only after at least 14 years, i.e.
after the lifetime of the installation (Figure 3).

CONCLUSION
The ﬁrst stage produced the greatest amount of distilled
Figure 3

|

water because of its high temperature and in the case of
Installation cost versus distillation water production.

Let
x ¼ 850=0:1 ¼ 8,500 litres

many stages the best production of distilled water always
corresponds to the lowest stages.
The increase or decrease of the temperature of each
stage inﬂuences the yield of distillation. The production
becomes more important if we increase the number of
trays where the distiller is well insulated. The maximum pro-

Then,

duction obtained from distilled water is 1 l/h.m².
The use of a solar panel for the production of distilled

t ¼ 8,500=(0:4 × 12 × 365) ¼ 4:9 years

water is unnecessary in oil-producing countries where
energy is subsidized. These devices or their components

In the case where the distiller operates with animal
waste, the amortization of the installation is:
250 ¼ 0:1 x

are generally imported and their cost is very expensive.
The damping time of these devices is very long.
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