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abstract
Agriculture is the sector that consumes over 70% of all freshwater in the world. Taking into ac-
count the dominant phenomena of evaporation in arid regions, there is an overconsumption that 
is reflected by a very pressing need. To this end, the desalination process exploiting solar energy is 
a promising alternative with strong analysis of the feasibility has been a series of studies in various 
research laboratories. The feasibility analysis focused on the influence of operating parameters: the 
temperature of the seawater, the temperature of moist air, its relative humidity, speed of movement 
and intensity of solar radiation and for the prototype located in Al-Hail, Muscat, Oman. During 
the period spanning from 30 April 2005 to 3 May 2005, the results of experimental studies demon-
strate the positive impact of solar radiation on the flow of condensate to reach a speed of about 65 
l/h for a current of around 800 Wt/m2 and that it reaches its minimum value, almost zero, at dusk. 
In addition, similar behavior emerges for the influence of temperature and relative humidity of 
air. Although the impact of the temperature of cooling water (seawater) is tested, we note that 
the trend confirms the negative and shallow this parameter on the flow. For efficient operation of 
fans in terms of production cost, control conditions in the greenhouse showed that the maximum 
throughput for a speed of around 7 m/s.
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1. Introduction 

Agriculture currently represents about 70% of all hu-
man use of water. In arid countries, the rate may exceed 
90%. Lack of water is very harmful to agriculture, it is 
expected that the growth of the world’s population ag-
gravates the situation [1]. In the context of desalination, 
it is therefore appropriate to consider technologies that 
facilitate more efficient use of water in agriculture.

The seawater greenhouse (Fig. 1), provides an envi-
ronment where sweat loss is minimized, at the same time 
producing enough freshwater for a household with a solar 
distillation process [3]. Goosen et al. [4] have recently 
reviewed a number of approaches to solar distillation, 
focusing on those involving the humidification and 
dehumidification of air. According to the authors, proc-
esses exist for a long time, but their combination with the 
culture in greenhouses is relatively new. Indeed, solar 
distillation projects have been installed in several places 
in the world [5,6]; in some cases, these projects have been 
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deemed uneconomic to maintain. There are a number of 
ways in which the integration of a solar distillery with a 
greenhouse could minimize costs and make it economi-
cally more favorable. For example, some components 
of the greenhouse, condenser, evaporator and pipes are 
manufactured by the cheapest materials (polyethylene, 
PVC, paper). The seawater greenhouse is designed to 
provide a relatively cool and moist culture of a variety of 
crop species thus avoiding the stress due to heat or lack 
of water. At the same time it must deliver the hot fluid in 
step distillation process. The design carefully avoids the 
conflict that may arise between these conditions. In this 
article we focus on studying the impact of parameters: the 
temperature of moist air, the temperature of sea water, 
relative humidity, air velocity and solar radiation in the 
greenhouse on the operation of the seawater greenhouse 

Fig. 1. Seawater greenhouse at Al-Hail, Muscat, Oman [2].

of Muscat during the period from 30 April 2005 to 3 May 
2005. The data were taken every half hour.

2. Seawater greenhouse process description

Based on solar radiation energy, sea water is used 
for the production of fresh water from humid air on the 
one hand and environmental conditions favorable to the 
growth of crops in the greenhouse on the other hand ac-
cording to the method illustrated in Fig. 2.

The idea depends on creating the natural water cycle 
in a controlled environment. To do this, and after filtration 
through layers of soil made of sand, sea water is pumped 
to be sent to a storage cold seawater tank (Fig. 3a). Fol-
lowing a closed loop, cold seawater passes through the 
condenser (Fig. 3b), exiting from condenser hot seawater 
passes through the first evaporator (Fig. 3c), respectively, 
to contribute to a consistent humidification of the air 
introduced into the greenhouse. It should be noted that 
the evaporator is a compact heat exchanger, it consist of 
a cardboard honey-comb lattice (Fig. 3d), placed perpen-
dicular to the flow of air drawn in by fan (Fig. 3e). From 
an exchange of mass and heat, during his run through 
the structure of the first evaporator, seawater is cooled 
by air humidification. Aspired by fan, air relatively cold 
and humid through the entire greenhouse to undergo 
a second humidifier at the second evaporator (Fig. 3f), 

Fig. 2. Seawater greenhouse process schematic [7].



384  T. Tahri et al. / Desalination and Water Treatment 12 (2009) 382–388

which is supplied with hot seawater and whose operation 
is identical to that of the first evaporator. The cold air from 
the second evaporator is at its saturation point. To provide 
a homogenous mixture of humid air, the greenhouse is 
equipped with two ventilators (Fig. 3g) whose size de-
pends on the geometric characteristics of the greenhouse. 
The greenhouse is designed in such away that seawater 

Fig. 3a. Cold seawater tank [8]. Fig. 3b. Condenser [8].

Fig. 3c. Front evaporator [8].

leaving the hot seawater tank is heated by solar energy 
when it is conveyed inside the pipes (Fig. 3h) placed on 
the roof of the greenhouse. This hot sea water will be the 
feed that will enter the second evaporator.

It was noted that only a small fraction of solar radia-
tion involved in photosynthesis, because the roof selec-
tively filter solar radiation incident. Such technology aims 

Fig. 3d. Cardboard honey-comb lattice [8].

Fig. 3e. Fans [8]. Fig. 3f. Back evaporator [8].
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maintaining appropriate conditions for the development 
of plants namely a relatively fresh and fairly light.

The cold saturated humid air from the second evapo-
rator passes through the condenser where cold seawater 
flows inside its tubes. Part of the humid air condenses on 
the walls of vertical tubes of the condenser. The result-
ing condensate is collected to be routed to the storage 
reservoir (Fig. 3i) for use in irrigation of crops. Table 1 
illustrates the principal parameters of the design of the 
seawater greenhouse in the Sultanate of Oman.

However, in normal greenhouse, the remaining sun-
light translates into hot growing conditions and large 
watering requirements [9]. 

Fig. 3g. Ventilator [8]. Fig. 3h. Solar heating pipes [8].

Fig. 3i. Fresh water tank [8] 

Table 1 
Design parameters of the seawater greenhouse [9]

Width, m 16 
Length, m 45 
Maximum height, m 4.8 
Maximum speed of the air, m/s 7.1 
Dimensions of first evaporator, m 15.6 × 2 × 0.2 
Dimensions of second evaporator, m 15.6 × 2 × 0.2
Dimensions of the condenser, m 15 × 1.9 × 0.8

In order to analyze how it works in real time, the 
greenhouse is equipped with thermocouples and hy-
grometers arranged in different places to measure the dry 
bulb temperature and relative humidity. Moreover, the 
intensity of solar flux inside and outside the greenhouse 
is determined as well by a sensor. The temperature dry 
bulb, relative humidity, seawater temperature, air velocity 
and solar radiation values were collected from 30 April 
2005 to 3 May 2005. The data were taken every half hour.

3. Results and discussion

The results of the experiment, illustrate the impact of 
operating parameters on the production of freshwater 
and performance of the greenhouse are represented in 
Figs. 4–8.

The intensity of solar radiation inside the greenhouse 
desalination of sea water is a weather factor, which chang-
es depending on the location and seasonal fluctuations. 
It directly affects the amount of heat received by water 
in the tubes placed on the roof, thereby contributing to 
the increase in its heat sensitive. This energy supply is 
reflected in the intensification of humidifying the air by 
evaporation of water from evaporator 2. This enrichment, 
even the vapor is to operate by the circulation of seawater 
increasingly cold in the condenser to make the installa-
tion. The flow of condensate with the power of sunlight 
received (Fig. 4) are in perfect agreement. It can be seen 
clearly that the solar radiation went hand-in-hand with 
the amount of freshwater product [10]. It follows that the 
flow of fresh water (condensate) reached its peak during 
the interval from 08:00 to 18:00 pm and it is almost zero 
at night.

The seasonal variation in temperature of moist air 
inside the greenhouse is strongly linked to environmental 
conditions on the one hand and the actual performance 
of the two evaporators on the other. For increasing tem-
peratures, there is a temperature increase of saturation, 
setting key conditioning condensation. The profile of the 
varying flow of condensate with a temperature of moist 
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Fig. 4. Comparison of the measured average mass condensate rate of the condenser and solar radiation inside the seawater 
greenhouse Muscat (30 April–3 May 2005).

0

10

20

30

40

50

60

70

19:00 01:00 07:00 13:00 19:00 01:00 07:00 13:00 19:00 01:00 07:00
Time (h)

M
as

s 
co

nd
en

sa
te

 ra
te

 (l
/h

)

20

22

24

26

28

30

32

34

36

Mass condensate rate
Temperature (°C)

Fig. 5. Comparison of the measured average mass condensate rate of the condenser and inlet dry bulb temperature in the 
condenser in the seawater greenhouse Muscat (30 April – 3 May 2005).

air is introduced through Fig. 5. We notice that the tem-
perature of moist air contributes positively to the flow 
of condensate and that it reaches its maximum when 
the temperature of moist air reaches its peak during the 
interval from 08:00 to 18:00.h.

The absorption of solar energy led to a consequent 
increase in tension of water vapor necessary for humidi-vapor necessary for humidi- necessary for humidi-
fying the air through the evaporator 2. The second wall 
of evaporator pads met its construction objective by in-
creasing the relative humidity to 100% most of the time 
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Fig. 6. Comparison of the measured average mass condensate rate of the condenser and relative humidity in the 
seawater greenhouse Muscat (30 April – 3 May 2005).
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Fig. 7. Comparison of the measured average mass condensate rate of the condenser and temperature of seawater in the seawater 
greenhouse Muscat (30 April – 3 May 2005).

[11]. It follows that the relative humidity is a function of 
the diurnal variation of the intensity of solar radiation, 
which reached its peak almost simultaneously in the 
interval from 08:00 to 18:00 pm (Fig. 6). Indeed, a strong 
value relative humidity is high value flow condensate. It 
follows that the flow of fresh water (condensate) reaches 

its maximum when the relative humidity reaches its peak 
during the interval from 08:00 to 18:00 pm and it is almost 
zero at night despite the importance of relative humidity. 
Obviously, a reduction in the relative humidity is reflected 
by an increase in the amount of non-condensable gas (air), 
which, by its presence, is a barrier on the wall of the tube 
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Fig. 8. Comparison of the measured average mass condensate rate of the condenser and air speed in the seawater greenhouse 
Muscat (30 April – 3 May 2005).

condenser, disabling the phenomenon of condensation. 
This explains the gradual reduction of the flow of con-
densate during the night.

Comparing the change in temperature of seawater at 
the entrance to the condenser to the flow of condensate 
is presented in Fig. 7. It follows that the condensation of 
steam in the condenser carried out in the interval from 
08:00 to 18:00 pm with an average temperature of cold 
fluid (seawater) exceeding 23°C.

To ventilate the greenhouse, speed training of air var-
ies according to a daily appearance presented in Fig. 8. 
Condenser design and airflow velocity appears to be the 
bottle neck of the dehumidification process [11]. It notes 
that it reaches its peak during the interval from 08:00 
to 18:00 pm with a speed equal to 7.02 m/s. Profiles of 
condensate flow measured are in perfect agreement with 
those of air velocity inside the greenhouse. Specifically, 
this speed is independent of ambient conditions.

4. Conclusions 

In light of these results, we note that the optimal opera-
tion of the greenhouse must take into account the relative 
orientation of the surface of the latter in relation to the 
equator. It must also take into account the disposal tube 
installed in the ceiling, because sunlight plays a crucial 
role in condensation, is directly linked to air temperature 
and relative humidity in the greenhouse. These three 
parameters directly affect the flow of condensate which 
reached its peak during the interval from 08:00 to 18:00 
pm. So we propose the installation of finned tubes to 

support the intensive trapping condensation of moisture 
in the air. The approach, combining the desalination of 
seawater and the greenhouse effect while exploiting the 
phenomenon of condensation of water vapor in the air, 
seems to respond favorably water needs, expressed for the 
agriculture. It is interesting to note that a solution to the 
lack of water in the world is not to produce more water, 
but use less water in irrigation in agriculture.
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