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Abstract

h∞

The article quantifies the improvement in performance of a
solar-assisted scheme for the application of seawater
desalination using parabolic trough collector by tilting the
concentrators through small angles. Fossil fuel is used to
augment the intermittence of solar irradiation. The scheme
was analytically assessed under various solar conditions.
Evaluation of performance included estimating the annual
production of fresh water from seawater with the fuel only
added to maintain a minimum daily production rate. The tilt
angle improved the utilization of the incident solar radiation.
For months with relatively low solar altitude angles; i.e., for
March and October, it is revealed that with a tilt angle of 20°
it resulted in improving the solar gain by 14% and 19%;
respectively, while for months with high altitude angles the
improvement was less. The improvement in solar gain has
resulted in reducing the fuel heat requirement by about 44%
for the month of October under certain conditions. Better
utilization of solar energy has economical benefits as well as
it leads to reducing the detrimental effects on the
environment.
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ṁw

Heat transfer coefficient for ambient air associated
with glass outside, W/m2-K

MED

Solar direct beam intensity, W/m2

MSF

Steel and glass thermal conductivity, W/m-K

Qcvi

Modifier factor that accounts for overall optical
efficiency for angles other than normal.

Qgain
Qgcv∞
Qgr∞
Qsi

Mass flow rate of water through the steel pipe
Multiple-Effect Distillation
Multi-Stage Flash
Heat convection from steel pipe inner walls to
flowing water
The gained heat from the parabolic trough collector
by the seawater

Keywords: utilization of solar energy, solar for desalination,
tilting PTC, enhancing solar concentrator performance

Heat loss from glass to ambient through convection
The loss heat from the glass tube through radiation
Solar energy incident on absorber after passing
through glass tube

Nomenclature
Ac

Aperture area of parabolic trough collector

Cn

Clearness Number

cg

Glass specific heat capacitance

cs

Steel specific heat capacitance

Qloss

cwp

Water specific heat at constant pressure

PTC

cwv

Water specific heat at constant volume

gi

Parabolic Trough Collector

dt

Incremental time change

si

Glass temperature of the ith node

dTwi

Incremental temperature change for water in the ith
node

sur

Steel temperature of the ith node

Incremental temperature change for steel in the ith
node

wi

Surrounding temperature which is set equal to air
temperature

∞

Water temperature of the ith node

dTsi
dTgi
Famb
h

Qsr∞
SEGS

Heat loss from the steel pipe through radiation that
passes through the glass tube
Solar Electric Generating Stations

Incremental temperature change for glass in the ith
node

Heat loss from absorber through convection and
radiation.

Ambient air temperature

1126

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 5 (2019) pp. 1126-1134
© Research India Publications. http://www.ripublication.com
their efficiency, less equipment requirement for control
(single axis), utilization of land, modularity and actual field
implementation. Also, when using PTC for desalination
purposes they are more economical and cost effective [6].
PTC can supply direct solar thermal energy to produce fresh
water in desalination plants that uses evaporation techniques.
However, since solar energy is time variant in both daily and
monthly as well as weather-affected, fuel may be used to
augment the deficiency in solar energy in order for the system
to remain economically feasible [7, 8]. For example, for
localities with latitudes above the equator during the month of
January the solar altitude angle is considerably lower than
what it is during the summer months which influence the PTC
performance. The benefits of employing and utilization of
renewable energy resources for desalination purposes in
addition to lowering cost, will eventually lead to reduction in
the amounts of carbon dioxide in the atmosphere and thus
their levels remain under control to an acceptable values.

Greek and mixed Symbols

Ago

Outside circumferential area of ith glass node

Agc

Cross-sectional area of ith glass node

Asi

Inside circumferential area of ith steel node

Asc

Cross-sectional area of the steel pipe

Aso

Outside circumferential area of ith steel node

mwi

Water mass in the ith node

mgi

Glass mass in the ith node

msi

Steel mass in the ith node

gs

Glass and steel emissivity

slw

Portion of radiation emitted from steel directly to the
outside

norm Peak optical efficiency at normal incidence; =0°.


Incidence angle; with angle 0° solar beam is normal to
receiving horizontal plane.



Stephan-Boltzamn constant, 5.67x10-8 W/m2-K4

Recognizing the significant amount of energy requirement for
this technology a comparison among the various methods
available for desalination was made [4] and it was shown that
reverse osmosis (RO) is the least for consuming energy but
has high equipment cost. For reverse osmosis with energy
recovery the benefits of reducing required energy is even
more but the system is only cost effective at large scale
operations. The method known as multiple effect desalination
(MED) is next to (RO) in terms of energy requirements where
it is estimated that it consumes about 150 kJ/kg of freshwater
product which is about the same for RO when considering the
electric energy. Multi-Stage flash (MSF) is more energy
demanding than RO or MED where it is estimated that it
requires about 340 kJ/kg of product but it is comparable to
MED in terms of equipment cost. However, according to [3]
MSF are more common worldwide where they have about
26% of the market share versus about 8% for MED. Also, for
the MED and MSF they are more attractive especially in areas
of high polluted water since they involve water boiling which
have the benefits of reducing pathogens and microbes if not
eliminating their infiltration into the fresh water. Other
researchers have investigated the various concentrators effects
on the desalination efficiency [9]. Other desalination concepts
included evaluating organic-fluid Rankine cycle driven by a
PTC collector where the electricity generated is used to drive
pumps for reverse-osmosis desalination [10, 11, 12, 13]. Such
schemes are most likely will entail more capital and
maintenance costs as well as being perhaps undesirable in
areas with polluted waters.

INTRODUCTION
Understandably the importance of energy for the various
activities of mankind; however, equally important are the
tapped resources for obtaining it since the limitation of fossilfuel resources as well as their detrimental effects on the
environment. This brings in the importance of renewable
energy resources for complementing or supplying all the
required energy. It is recognized among the range of available
renewable energy resources that solar energy holds the most
potential of all [1] for supplying required energy to various
applications of which there is one that is essential and
necessary for the continuation of life: it is seawater
desalination.
Also, it is repeatedly shown that using
renewable resources is costly; therefore, improving their
effectiveness is critical to their implementation.
The need for fresh water as a basic necessity for life is
recognized by all individuals; however, according to [2] the
world is facing water crisis and the problem will intensify
unless effective measures are taken. It is becoming clear that
seawater desalination is a plausible solution for sustaining
supplies for future demands of fresh water, whereby this is
evident from the growth of total contracted capacity for
desalination which grew from near zero in 1965 to about 75
million m3 of fresh water per day [3]. Seawater desalination
is energy demanding, thus optimization and better utilization
of renewable energy resources are heavily investigated for
reducing the cost of the production of fresh water. To
illustrate this it is estimated that for producing 1 million m3 of
fresh water per day it requires annually about 8.8 million tons
of oil [4, 5]; therefore, using renewable energy resources are
essential.

Significant research activities using PTC for desalination were
conducted at the Plataforma Solar de Almer´ıa (PSA) which
started in the nineties and showed the technology is feasible;
however the cost of production was still high and not
competitive with conventional means.
The PTC used
synthetic oil to transfer solar heat to heat up seawater. Other
ideas of improving the system performance has lead to
another project known as AQUASOL; specifically, ideas as
employing double-effect absorption heat pump at the end of
the MED and lowering the electrical demands by the use of
steam ejectors as well as using compound parabolic
concentrator as an alternative to PTCs [14].

Parabolic trough collectors (PTC) are the most matured and
commonly used among solar concentrators simply because of
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However, upon reviewing the literature no one has seemed to
address the effects of tilting the PTC in the case of
desalination application for the purpose of increasing the
utilization of solar energy thus improving the annual
production rate of fresh water which would consequently lead
to lowering cost. Tilting the PTC at small angles will unlikely
cause significant structural problems; however, the gain in
performance, as quantified here, is of significance.

at 2.0 bar; corresponding to saturation temperature ~120 °C.
The effect of tilt angle of the PTC were examined at 0°, 10°,
and 20°. The tilting of the PTC is assumed to be performed
once a month which is unlike the instantly daily single axis
control for tracking the sun. Therefore, PTC tilting would not
be expected to incur additional operational cost; however,
initial capital cost would be more as a result of the extra
structural strength required for supporting tilting as well as the
required mechanisms.

Although the use of PTC for seawater desalination has not
been commercialized; however the PTC technology is a
matured one and has been commercially demonstrated in
power generation as for example in the SEGS, Mojave Solar
Project, Solana Generating Station and Genesis solar Energy
which all currently operated in the USA with SEGS is the
longest in operation since 1984 [15]. Perhaps for PTC
seawater desalination the initial capital cost leads to higher
levelized cost that is not acceptable to the masses; therefore,
by combining several methods that are intended to improve
the gained output ratio (GOR) will pave the way for
commercializing the use of PTC in desalination. Methods of
improvements can include the tilt angle which is the subject
herein along with others like use of
thermal vapor
compression (TVC) and use of absorption cycles. A current
study is being conducted to address such issue and their final
impact on the levelized cost.

2.0

SCHEME AND MODELING

Figure 1 shows the solar-fuel scheme for desalinating
seawater whereby fuel heat is added to maintain a preset daily
minimum fresh water production at times of low solar
irradiation. Seawater is pumped to the system operating
pressure using a feed water pump and simultaneously is
preheated while it is used to condense vapor generated in the
consecutive Multi-Stage Chambers (MSF). After coming out
of the MSF, the seawater splits with one stream going to the
PTC with a flow rate to allow it to reach saturated liquid as it
leaves the absorber and the other stream is directed through
the fuel-fired boiler, where fuel heat is added just to bring
seawater to liquid saturation. However, when the flow rate
through the PTC exceeds the preset daily minimum, as a result
of solar abundance, then no flow rate through the fuel-fired
boiler is required and in this case it is set to zero. The flow
rate of seawater through the PTC varies during the day
because of the variation in solar irradiation. The combined
heated seawater from the PTC and the boiler is allowed to
flash in the MSF chambers which have a decreasing flashing
temperatures until reaching the last one where it is set 10 °C
higher than the prevailing seawater temperature for that month
(Table 1). The seawater pressure in the PTC was set at 2 bar
(~120 °C saturation temperature). The delta decrease in the
flashing temperatures in the MSF was set in the range (5-6) °C
for the consecutive chambers; thus same number of chambers
(16) was always used. Each chamber was assumed to have
85% effectiveness for condensing vapor. The inlet seawater
was set at the temperatures given in Table 1 for the
corresponding months.

The work herein intends to quantify the improvement
achieved by slightly tilting the PTCs for specific months with
the tilt made once per month. The study was motivated by an
earlier investigation [17] which considered the optimization of
the annual fresh water production from a similar scheme using
pure water properties rather than seawater’s while maintaining
the PTC at zero tilt angle. However, the current investigation
as before considers the same scheme which includes a PTC
assembly, fuel-fired boiler and Multi-Stage Flash chambers
(MSF) with the PTC allowed to be tilted at low angles once
per month. Also, actual seawater properties were used in the
simulation. The seawater is directly heated in the PTC thus
eliminating any associated cost with thermal oil as a heating
transfer fluid. Heating seawater directly in the PTC is made
possible since the seawater is forced to remain in liquid and
exiting PTC as saturated liquid which gave good heat transfer
coefficient as was suggested in [17]. Also for seawater to
remain in liquid forms adds the benefits that it reduces the
potential of scaling. For performance evaluation, a minimum
on the rate of fresh water generation is set whereby if solar
radiation is not enough fuel heat augments the deficiency so
that the minimum rate is achieved. The scheme generates as
much of fresh water when solar is abundant. Thus, the
scheme does not include any thermal storage methods which
would entail complexity and more cost. The rational for not
having thermal storage when solar is abundant is that
produced fresh water is stored more conveniently than thermal
energy. Additionally, the study showed that the operating
pressure affects the water production rate, although to a lesser
degree, whereby rates are seen to approach maximum when
operating pressure is above 20 bar for the water as it passes
the absorber tube.
However, increasing the saturation
temperature beyond 120 °C would increase scaling problems,
thus in this study the seawater pressure while in PTC was set

Figure 1. Solar-fuel desalination scheme.
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For modeling, the approach was to use a PTC that has
characteristics based on the SEGS program which is oriented
north-south, has an aperture area 70.4 m2 for capturing the
solar radiation and directing it at the absorber. Further
description of the selected PTC and approach are given in
[17]. The PTC, with a tilt angle  from the horizon, is
allowed to track the sun per the computed solar altitude  and
azimuth  angles. In order to determine the incident angle  ′
on the plane of PTC and its rotation angle  PTC the following
unit vectors were derived: a) a normal to plane of PTC,
equation (1); b) the projection of the normal to PTC aperture
on the xy plane, equation (2); and c) a vector along the
incident beam, equation (3); see Figure 2.
r̂PTC  cos()sin()iˆ  sin() cos()ˆj  sin()kˆ

(1)

r̂PTC,n  cos()ˆj  sin()kˆ

(2)

r̂I  cos()sin()iˆ  sin() ˆj  cos() cos() kˆ

(3)

Figure 3. Finite control volume used for the development of
the governing equations.
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u  u(P, x), h  h(P, x); when fluid exists as two phase

(8)

u  u(P,T), h  h(P,T); when fluid exists as liquid only (9)

The internal energy, enthalpy, temperatures, heat transfer
coefficients are both time and spatial-dependent (in the zdirection: along tube) since the flow conditions are changing
which is consequent to the variation in the daily solar
irradiation. The equations were discretized and solved using
finite difference methods. During the solution, the mass flow
rate of the seawater through the absorber tube was adjusted as
a consequence to the changes in the solar irradiation so that to
result in the seawater at the exit of it as saturated liquid. The
flow conditions inside the tube varies with the fluid flow rate
(laminar/turbulent), fluid temperature, tube temperature and
solar intensity and consequently affect Nusselt number which
in turn influence the heat gained by the fluid. Therefore, an
iterative approach was employed to obtain the solution at each
time increments to determine the correct mass flow rate for
the given instant time during the day and consequently the
amount of fresh water is determined. The determination of
the fresh water in the MSF is based on thermodynamic and
heat transfer principles. Specifically, from the determined hot
mass flow rate of seawater coming from the PTC/boiler and
the vapor quality in each chamber (as a result of the flashing)

Figure 2. Definitions of incidence, tilt, rotation angles and
unit vectors.

For the absorber tube the governing equations are deduced
from the energy and mass conservations which are written for
a segment of the tube, Figure 3. Considering fixed control
volume, the governing equations for the absorber tube which
include the fluid flow, the steel tube and the encasing glass
tube are [17],
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the rate of vapor flow is calculated which in turn preheats the
induced cold seawater at an assumed effectiveness 85%. The
preheating comes from both latent and sensible heat of the
vapor. Further details of the solution are given in [17]. The
thermophysical properties of seawater were obtained using
resources available in [21].

The second level of validation was concerning the numerical
solution by considering consistency and convergence whereby
smaller spatial and time steps were assessed. The spatial
increment 0.2 m was observed to yield consistent solutions
when compared with smaller spatial steps. The time step was
set 10 seconds maximum and consequently was reduced so
that no temperature greater than 0.5 °C results during the
solution. The time step is considerably less than what the
criterion of the method calls for which resulted in stable
solutions.

The solutions were obtained at tilt angles 0°, 10° and 20° for
the months and the conditions as given in Table 1. In the
table, the ambient temperatures are taken from [22] which are
representative of the locality considered for the analysis while
the seawater temperatures are taken from [23].

Thirdly, the model was used to compute the operational
thermal efficiency of the PTC under the operational
conditions for the month of June and it was compared against
published data with similar conditions. Here, the term
operational efficiency is used to distinguish it from typical
efficiency which is normally measured under lab conditions
with normal beam incidence. Variation of operational
efficiency from month to month is expected as a result of
variation in solar angles and ambient conditions. Figure 4
shows the computed June operational efficiency using water
with salinity 36 g/kg versus the reduced temperature and it is
compared against experimental data from two sources. For the
experimental data from [25] it was taken during October time
at locality 52.6 E and 29.6 N for a PTC with 25 m long, 3.4 m
wide and using oil as heating transfer fluid. The optical
properties reported of the PTC were better than what used in
the analysis. Evidently the agreement between the prediction
and this set of data is within 6%. The other comparison is
made against data collected from SEGS/Kramer Junction,
California during June/1998 using synthetic oil. For lack of
inlet temperature of the oil going to the PTC, the reduced
temperature could not be calculated; however, the efficiency
between the hours 9:00 AM – 4:00 PM was observed to be in
the range (61% – 64%). For this reason, the data are shown at
the right of the figure. Again the model prediction in general
falls within the experimental data. To emphasis the last
comparison is a general one and gives indication to the
truthfulness of the results.

Table 1. Months used in analysis with ambient temperatures
and tilt angles.
Month

January

March

June August

Mean T∞,
°C*

8.0

11.75

23.6

Sea T

15

17

0°, 10°, 20°

0°, 10°, 20°

Tilt angles


October

December

25.35

20.35

9.75

28

25

20

15

0°

0°

0°, 10°, 20°

0°, 10°, 20°

Data from [22, 23].

3.0 Model Verification
The verification of the modeling was made at three levels. For
level one, the input solar parameters which include beam
intensity and solar angles were computed using a model that
was developed earlier and repeatedly validated previously.
However, validation also was made for the current study by
comparing the total daily direct solar against experimental
data obtained by [24] at location 32:05’ N and 36:07 E. The
measured value of the total daily of direct solar was found to
be 26.0 MJ/m2 for a horizontal surface on June 15 which
compares well with the value 26.7 MJ/m2 computed from the
predictive model. The experimental data was reported to have
+/-5% accuracy and accounted for irradiation between the
hours 8:00 AM to 3:00 PM. However, the results to follow
(Section 4) solar irradiation is considered for the entire lightday period. Except for the months of January and December,
the validation of the rest of the considered months are shown
in Table 2. As it appears from the table the predicted solar
input parameters are within 5.7% for the hot months (June and
August) and up to 26% higher for the cold months (March and
October). The reason for the large discrepancy for the cold
months is the overhead clouds which obscures direct beam.
For the months of January and December they were not
included since they are known, for the region of study, to be
mainly heavily clouded which was not accounted for in the
predictive model.
Table 2. Comparison of calculated total daily beam with
experimental data. Data are taken on the 15th day.
Month
Calculated, MJ/m2
Experimental*, MJ/m2
Percent error

Figure 4. Comparison between computed operational
efficiency against experimental data. a source [25.

March June August October
21.9 26.7 24.3
17.7
19.0 26.0 23.0
14.0
15.3
2.7
5.7
26.4

4.0 RESULTS
Figure 5 shows the hourly induced seawater through the PTC
while being heated by it and leaving the absorber tube as
saturated liquid under solar conditions for the months of
January with zero and 20° tilt angles and for the month of
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June with zero tilt. Evidently, the highest flow rates of
seawater through the PTC are realized during the month of
June which is a consequent to the high solar irradiation as well
as to longer light hours. Note that in the modeling scheme the
flow rate through the PTC changes during the day following
the hourly irradiation variation so that the seawater exits as
saturated liquid. Also certain flow rate of seawater is
necessary to assure generating a minimum hourly fresh water
rate which was arbitrarily set 0.2 kg/s. To obtain this fresh
water rate the minimum required seawater flow rate in the
scheme was found 1.444 kg/s, hence if the seawater flow rate
through the PTC drops below this value the fuel-fired boiler
augments the difference in required heat. The improvement of
PTC performance for the month of January with tilt angle is
clearly demonstrated in the figure by accepting more seawater
flowing through it which is seen to reach 1.2 kg/s around noon
time; but, not enough to meet the minimum flow rate of
seawater 1.444 kg/s; thus fuel heat would be required during
the entire days of this month.

Figure 5. Hourly rate of seawater flowing through the PTC.

The hourly rate of gained solar energy along with the required
fuel heat are shown for the months of January and June in
Figures 6 and 7; respectively. Figure 6 shows that for the
month of January during the mid day hours the gained-solar
energy averages about 28 kW while the required fuel heat is
about 15 kW when the PTC tilt angle is zero. However, the
effect of the tilt angle is seen during mid-day hours that for
20° where the gain in solar is increased by about 29% and
simultaneously reducing the required fuel heat about 60%.
Note for the month of June (Figure 7) no fuel is required for
most of the day to deliver the desired fresh water or more;
thus leaving the cost of fresh water production only due to
pumping power. Also note the fuel heat requirement
calculations are made during the day light thus the length of
operational hours changes from month to month.

Figure 6. Hourly rate of gained solar energy and fuel heat
added to maintain a minimum of fresh water production 0.2
kg/s. Month of January with PTC at 0° and 20° tilt angle.

For producing the amount of fresh water shown in Figure 8,
the required daily energy by solar, fuel and electricity is given
in Figure 9. The electric pumping is required to force the
seawater through the PTC which is maintained at 2.0 bar as
well as to pump the fresh and reject water from the low
pressure of the last chamber of MSF to atmospheric pressure.
For the month of June it is seen that 290.8 MJ and 73.7 MJ of
energy in the form of heat and electricity; respectively, are
required to supplement the generation of about 9.0 m3/day of
fresh water; with the assumption 85% pump efficiency for
computing the electric energy. Assuming a conversion
efficiency of 30% for electricity, 80% for the fuel boiler,
calorific value for the fuel of 45 MJ/kg and 0.85 specific
gravity, then this means that about 1.75 liter of fuel is required
for generating 1 m3 of fresh water in the month of June. At
present fuel prices this could be challenging for some
countries; therefore, the cost could be brought further down
by lowering the minimum desired rate of fresh water
production which entails increasing PTC modules.
Additionally, observe that for the month of March with 20° tilt
comparable results are obtained as for the month of August
which indicates the importance of the tilt angle for producing
nearly uniform rate for most of the year; i.e., for the months of
March through October.

The total daily production of fresh water by during several
months at various tilt angles is depicted in Figure 8. Recall
that the minimum production rate was arbitrarily set to 0.2
kg/s for fuel augmentation. The figure reveals the amount of
fresh water produced by solar energy and that due to fuel heat.
For the month of January even with a 20° tilt the required fuel
heat to the total daily production is about 40% and slightly
worse for the month of December. However, for the month of
March the contribution of fuel heat was reduced from about
19% for zero tilt to 8% for 20° tilt which brings it better than
the month of August which has fuel heat contribution of 16%
of the total required energy; the month of June is
exceptionally well where the fuel heat contribution is about
8% of the total consumed energy with zero tilt angle. It is
evident from the figure that for this scheme with one PTC
when tilt angle is included, fresh water is generated from solar
alone for most of the year (month of March through October)
at a daily rate of about 6.5 m3 to 8.2 m3; or in terms of surface
area corresponding to 0.0923 m3/m2 to 0.116 m3/m2;
respectively, compared to 0.034 m3/m2.
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Figure 9. Daily consumed total solar, fuel and electric energy
for the production of fresh water (given in Figure 8).
Figure 7. Hourly rate of gained solar energy and fuel heat
added to maintain a minimum of fresh water production 0.2
kg/s. Month of June with PTC at 0 tilt angle.

Figure 10. Hourly rate of fresh water production for the
month of March at 0°, 10°, 20° tilt angles.
Figure 8. Solar and fuel contribution to the total daily
production in various months at different tilt angles.
Figure 12 shows the annual performance ratio (PR) variation
with tilt angles per each month. The performance ratio is
defined as the kilogram of fresh water generated divided by
units of consumed energy converted to kilogram of steam
(2300 kJ per kg of steam). The consumed energy includes the
gained solar, the heat from fuel and the electrical due to
pumping. No conversion of electrical to fossil fuel was used.
Strikingly, the month of June yields the lowest PR, slightly
above 9. Also, clearly shown that the tilt angle has no effect
on the PR for any specific month when the tilt angle changes
since the increase in the amount of fresh water results from
the better utilization of the solar energy. The main reason for
the low PR in the hot months and high PR for the cold months
is mainly due to hot and low seawater temperatures for these
months; respectively (Table 1).
The effects of low
temperature for the incoming seawater to the MSF was
recognized by other researchers.

Alternatively, the importance of the tilt angle on the system
performance is demonstrated in Figures 10 which shows the
hourly rate production of fresh water for the month of March
at tilt angles 0°, 10° and 20°. Clearly the rate of production is
enhanced with the tilt angle because the incident angle is
reduced with the increase in the tilt angle which leads to
improving both the amount of absorbed radiation and the
optical properties; the optical properties are modeled using the
incidence modifier as explained in [17]. The preceding
improvement is evident in the enhanced annual efficiency of
the PTC, calculated as solar gained by seawater to total
incident irradiation, Figure 11; where for the months of June
and August were made only for zero tilt angle thus the lines
for 10° and 20° tilt angles appear disconnected. The daily
efficiency for the month of March improved from 57.5% at 0°
tilt, to 62.1% at 10° tilt and to 65.4% at 20° tilt.
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angle permits the scheme to produce from 8.4 m3 to 6.6 m3 for
most of the year (from month of March through October). It
is important to emphasis that the amount of consumed fuel
depends on the arbitrarily pre-set minimum production rate of
fresh water which explains that the enhanced in water
production did not linearly correspond to the fuel reduction.
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