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Abstract
As Natural resources are becoming limited and energy price dramatically increased, energy utilization with eﬃcient systems is essentially required to be used in desalination technologies. The use of solar energy in desalination processes is one of the most promising
applications of renewable energies. The primary focus on desalination by solar energy is suitable for use in remote areas. A proposed
desalination system uses solar radiation, which concentrated by parabolic dish to heat up the working ﬂuid in a closed space. Then
the generated pressure in this space used to push salt water into RO module.
Daily production rate of fresh water quantity for suggested system compared with other solar techniques is a promising rate for each
m2 of solar radiation collecting surface. The production rate for one operation cycle could reach to 1800 L/cycle of fresh water at low
water salinity (Brackish water with 5000 ppm) and 55 L/cycle at highest water salinity (sea water salinity with 42,000 ppm). The required
energy needed to produce 1 kg of fresh water is also promising even when in case of using another type of energy, also operating cycle has
ability of repetition according to salinity concentration through sunny hours.
Ó 2012 Elsevier Ltd. All rights reserved.
Keywords: Desalination; Solar energy; Reverse osmosis (RO); Thermal desalination; Solar desalination

1. Introduction
Desalination systems are divided into two main types
thermal and non-thermal. Thermal type desalination plants
such as multi stage ﬂash (MSF), vapor compression (VC),
solar distillation and freeze desalination uses heat either
direct heating or heat moving. Other systems are classiﬁed
as non-thermal system such as reverse osmosis (RO),
capacitive deionization technology (CDT). Actually cost
for each method depends mainly on type of physical process of salt removal (i.e. evaporation, ﬁltration, freezing
or electrostatic potential diﬀerence). The eﬃciency of each
type depends on the total energy required to remove the
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salt particles which depends on some extent on the method
of operation and also on the purity of the required water.
Solar energy will play a critical role in sea water desalination. A great attention should be given to develop new
techniques for improving eﬃciency and productivity of
solar desalination systems. Solar desalination techniques
can either be direct or indirect. Direct system uses solar
energy to produce distilled water directly from solar distiller. Indirect system combines conventional desalination
techniques such as vapor compression (VC), reverse osmosis (RO), membrane distillation (MD), and electro dialysis
(ED) with solar collector as source of heat or photovoltaic
as source of electricity.
An enhancement for traditional solar energy in desalination process by developing multi-stage distiller connected
with an evacuated tube heat pipe solar collector. A multistage solar still water desalination system was designed to
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Nomenclature
A
E
d
IO
gref
h

u
d

x
b
c
n
Qin
Qused
Cp
I
tt
Ta

collector area (m2)
constant
(radiation
losses
constant)
E = d  (A = 1m2)  5(minutes)  (60 sec) (J/K4)
(Boltzmann constant) = 5.76  108 (W/m2 K4)
solar constant 1336 (W/m2)
Reﬂection eﬃciency for Dish concentrator surface (–)
the angle of incident between the solar radiation
beam and the imaginary line normal to surface
(°)
latitude angle (°)
declination angle of the celestial sphere measured northward or southward from the celestial
equator plane (°)
hour angles (°)
Inclination angle of the collector (°)
surface–azimuth angle (how far the solar collector deviates from the north–south axis (°)
day number according to Julian days (–)
Total heat coming from the collector (W)
actual energy used (W)
speciﬁc heat for metals of (J/kg K)
solar radiation (W/m2)
initial temperature of the system (°C)
ambient temperature (°C)

recover latent heat from evaporation and condensation
processes in multi stages (Shatat and Mahkamov, 2010).
Using solar in RO system is done using photovoltaic cells,
which converts solar radiation into electricity. The output
electricity used to operate the salty water pump into RO
module. An economic analysis for the RO and the power
supply system is presented. Also system simultaneously exploits the waste heat of photovoltaic cells to desalinate
water (Tzen, 1998; Mittelmen et al., 2009). Also, a scheme
exploits the vapor pressure diﬀerence between ﬂuids of different salinities and temperature to produce fresh water
from seawater. In this scheme, heat is injected into sea
water use solar energy to produce distillate directly in solar
distiller.
2. System description
The proposed system consists of solar collector (parabolic dish concentrator type with spherical tank (boiling
bubble) in its focal point), pressure tank (which, divide into
two parts-separated by movable piston- ﬁrst and second
part) and RO module. The solar radiation has been concentrated on focal point where boiling bubble, which containing working ﬂuid exists. With accumulation of heat
during day hours the temperature and pressure increases

Charge amount of working ﬂuid (kg)
mwf
hi
initial enthalpy of working ﬂuid (kJ/kg k)
mcopper mass of metals of working ﬂuid housing includes
boiling bubble, piping and ﬁrst part of pressure
tank (kg)
hf
ﬂuid enthalpy of working ﬂuid at certain saturation temperature (kJ/kg k)
hg
vapor enthalpy of the working ﬂuid at certain
saturation temperature (kJ/kg k)
vf
ﬂuid speciﬁc volume of working ﬂuid at certain
saturation temperature (m3/kg)
vg
vapor speciﬁc volume of working ﬂuid at certain
saturation temperature(m3/kg)
vt
speciﬁc volume of working ﬂuid at certain saturation temperature (m3/kg)
mv
mass of working ﬂuid that founded in vapor
form (kg)
mf
mass of working ﬂuid that founded in liquid
form(kg)
x
dryness fraction of the working ﬂuid at certain
saturation temperature
W
work done (J)
w
speciﬁc work done (J/kg)
P
pressure (N/m2)

inside boiling bubble due to working ﬂuid evaporation in
a closed space. The pressure increases till reaches to operating pressure of RO module. During this time the generated pressure in boiling bubble applied on movable
piston through pipe connected to ﬁrst volume of pressure
tank. The movable piston pushes the salt water that ﬁlls
second volume of pressure tank into RO module. The fresh
water comes out from fresh water side of RO module with
the movement of movable piston in pressure tank. The volume swapped by the movable piston is equal to fresh water
production rate. At the end of the day piston moves come
back again to original position by reducing pressure
through condensing steam. The condensation process is
done by allowing cooling water to ﬂow around pressure
tank.
The piping system, boiling bubble, and ﬁrst part of pressure vessel form continuous volume. The formed volume
(ﬁrst volume) contains speciﬁed amount of working ﬂuid
(mostly pure water) which will evaporate in closed space
(heat add at constant volume process) causing pressure
and temperature raise. In pressure vessel the movable piston separates working ﬂuid in ﬁrst volume and salt water
that ﬁlls second volume. The second volume connected to
RO module through pipes with ﬂow control valves. The
piston designed to reduce heat lost from hot pressure side
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Fig. 1. System layout.

(in pressure vessel ﬁrst volume) to salt water (in pressure
vessel second volume). RO module is selected according
to properties of salt concentration on saltwater or TDS values. Speciﬁcation of RO Module determines required value
of operating pressure.
Finally the system could be described as two parts. First
Volume consists of boiling bubble, ﬁrst part of pressure
tank and piping system connected between them (see
Fig. 1). It forms closed loop which always maintain the
working ﬂuid in form of liquid state at focal point inside
boiling bubble. It also contains a ﬁxed amount of working
ﬂuid. The Second volume consists of RO module, second
part of pressure tank and piping system connected between
them (green color in Fig. 1 at right).
3. System operation and thermal analysis
Before start of system operation cycle ﬁrst volume (boiling bubble, piping system and ﬁrst part of pressure tank)
should evacuate from residual gases, then charged with a
speciﬁed amount of working ﬂuid. Also, the second volume
should ﬁlled by salt water. The system operation cycle is
divided into three stages.
3.1. Stage one
Start of operation (early morning of the day) working
ﬂuid in boiling bubble is at 25 °C and 1.0 bar. The concentrated solar radiation, that coming from the collector
reﬂecting surface, is used to heat up boiling bubble which
contains working ﬂuid. The temperature rose from 25 °C
(ambient temperature) up to 100 °C (saturation temperature of atmospheric pressure). Process form state 1 to state
2, is a process of heat add at constant pressure. See Fig. 2.

ðHeat comming from collectorÞ
¼ ðHeat stored in copper Tubing systemÞ
þ ðHeat Input to working fluid to raise its
temperature tell it reaches100 CÞ
þ ðHeat Lost from systemÞ

ð1Þ

ðHeat Lost from the systemÞ
¼ ðRadiation heat LossesÞ
þ ðCovection heat lossesÞ
þ ðConduction heat losesÞ

ð2Þ

ðHeat Lost from the systemÞ
A
¼ EðT 4iþ1  T 4a Þ þ A  h  ðT iþ1  T a Þ þ K   ðT iþ1  T a Þ ð3Þ
x
Surface area of convection is small so the convection
heat lost is neglected. Also the only way for conduction
between ﬁrst volume and second volume is through the
movable piston. Also this piston is designed to reduce conduction between its two sides. Radiation heat loss is the
major losses that should take in consideration. So that heat
balance equation will be in the following form.
ðQin Þ ¼ mcopper  C pCopper  ðT iþ1  T i Þ þ mwf

 C pwater ðT iþ1  T i Þ þ E T 4iþ1  T 4a

ð4Þ

3.2. Stage two
At start of this stage the working ﬂuid is at 100 °C and
1.0 bar. With more radiation coming, working ﬂuid starts
to evaporate, the pressure inside ﬁrst volume increases
and consequently saturation temperature (heat add at constant volume) in the ﬁrst volume. This stages ends when
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Fig. 2. Process layout on steam pressure enthalpy diagram.

pressure reaches to operating pressure of RO module. At
state 2, fresh water will start to ﬂow from throughout
RO module.
ðHeat comming from collectorÞ
¼ ðHeat stored in coppe Tubing systemÞ
þ ðHeat Input to working fluidðwaterÞraising its
temperature and pressure tell it reaches to
operating pressure of RO moduleÞ
þ ðHeat Lost from systemÞ

ð5Þ

ðQin Þ ¼ mcopper  C pCopper  ðT iþ1  T i Þ þ mwf ðhiþ1  hi Þ
þ EðT 4iþ1  T 4a Þ

ð6Þ

3.3. Stage three
During this stage the working ﬂuid in ﬁrst volume
expands at constant pressure process (operating pressure
of RO module) to produce fresh water through RO module
and the energy equation will be as follow.
ðHeat comming from the collectorÞ
¼ ðHeat Input evaporats working fluidðwaterÞwhich
expands at constant temperature and pressure
producing freshweater through RO moduleÞ
þ ðHeat Lost from the systemÞ
ðQin Þ ¼ mwf ðhiþ1  hi Þ þ EðT 4iþ1  T 4a Þ

ð7Þ
ð8Þ

The fresh water production rate is related to expansion
rate of the working ﬂuid in ﬁrst volume which consequently
related to amount of heat input to the system through solar

concentrator through third stage. At the end of the day the
system discharges the remaining brain salt water through
the brine discharge valve. See Fig. 2.
Total quantity of fresh water produced per day is inﬂuenced by a lot of parameters like, operation day (which
determine incoming solar radiation i.e. total quantity of
heat input to the system), the working ﬂuid type(latent heat
and evaporation rate), speciﬁc volume of the working ﬂuid
at start of operation (i.e. mass of working ﬂuid divided by
value of the ﬁrst volume, piping system and ﬁrst part of
pressure tank) and ﬁnally type of RO module (operating
pressure which is related to salt concentration). Also the tilt
angle of the collector surface aﬀects on total heat coming to
the system. The tilt angle optimization still needs large
studies and should be compromised with the beneﬁts of
the system. The major conclusion stats that tilt angle in
winter diﬀer than tilt angle in summer. The tilt angles used
in our calculation is stated in Table 1.
Computer program was built to calculate system performance. The program is divided into three modules. First
module estimates incoming solar energy (radiation module). The energy is calculated each 5 min at diﬀerent latitudes for any day of the year for any collecting surface
tilt angle. Second module is for calculating working ﬂuid
saturation properties (pure water in this study). The working ﬂuid saturation properties are estimated using correlaTable 1
Tilt angle.
Month

Tilt angle

From 21 March up to 21 September (Summer)
From 21 September up to 21 March (Winter)

/  11.75
/ + 11.75

For latitude 30.5 (Cairo-Egypt) surface tilt angles will be 42.25 for Winter
and 18.75 Summer.
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tions for each property as function of working ﬂuid saturation temperature. The third module is for system performance calculations.

Step 5: Check if
Qin  ðmcopper  C pcopper  ðT iþ1  T i Þ þ mwf  C pwater ðT iþ1  T i Þ
þ EðT 4iþ1  T 4a ÞÞ < 0:5

ð16Þ

4. Calculation procedure
Program calculation procedure will be done as follow.
The program main input parameters are as follow. Total
collecting surface are 1 m2. Latitude for system operation
is 30.5 (Cairo Egypt). Tilt angle for calculation is 42.25
and day of calculation is 21-December. The parabolic dish
reﬂection surface eﬃciency is gref = 90%.
With above constants the calculation is done with the
following procedure.
Step 1: at Julian day no n = 355 (21 December) get
value of I, at start time from 0:00:00

I ¼ I O  cosðhÞ

ð9Þ

If No Then Ti = Ti+1 and repeat process from step 3 till
step 5
If yes go to step 6
(The diﬀerence check value in heat balance is related to
the average of input heat through the day is about 500 J/s
and Qin = 60  5  500 so the value of division of 0.5/
(300  500) is about 0.00000333 which mean that the accuracy of calculation is about 0.00033%. Also the value of
ambient temperature should vary through the operating
hours of the day but we decide that it is more valuable
studying system with constant ambient temperature at
low level to increase the losses i.e. the worst case study
performance.)

where
Step 6: check Ti < 100 °C

cosðhÞ ¼ sinðdÞ sinð;Þ sinðbÞ  sinðdÞ cosð;Þ sinðbÞ
 cosðcÞ þ cosðdÞ cosð;Þ cosðbÞ cosðxÞ
þ cosðdÞ sinð;Þ sinðbÞ cosðcÞ cosðxÞ
þ cosðdÞ sinðbÞ sinðcÞ sinðxÞ


360
ðn þ 284Þ
d ¼ 23:45 sin
365
x ¼ 15ð12  hÞ

ð10Þ
ð11Þ
ð12Þ

when I > 0 the system starts to heat up and calculation procedure is as follow.
At time of sun rise Ti = 25 °C
Step 2: The value of heat input through 5 min
Qin ¼ gref I  60  5

ð13Þ

Process from point 1 to point 2, see Fig. 2 (sensible heat
add)
Step 3:
T iþ1 ¼ T i þ 0:005

ð14Þ

The value of temperature step is related to sensible heat for
solid and liquid combination because the sensible heat is
very sensitive to temperature so that the step value should
be low. This gives the following heat ratios for water only
(0.005  4200  1/(500  60  5)) = 0.00014. This will be
about 0.014% accuracy which will be suﬃciently accurate.
Step 4: Get the value
mcopper  C pcopper  ðT iþ1  T i Þ þ mwf  C pwater ðT iþ1  T i Þ
þ EðT 4iþ1  T 4a Þ

ð15Þ

If Yes Then Ti = Ti+1 and get next value of (I) for next
5 min as stated in step 1 and step 2 and repeat process
from step 3 up to step 6.
If No Then Ti = Ti+1 and then go to step 7
Process from point 2 to point 3, see Fig. 2 (constant volume
heat add)
Step 7: For Ti = 100 °C get value of ht = hi = hf at
Ti = 100 °C
Step 8: Get next 5 min heat add to system as stated in
step 1 and step 2
Step 9:
T iþ1 ¼ T i þ 0:05

ð17Þ

(The temperature step in Eq. (17) is related to latent heat
of water. The value of latent heat is much higher than sensible heat so the value used in Eq. (17) could be greater
than that used in Eq. (14). The value of temperature is
not related to temperature step directly but through the
latent heat of phase change. The value of temperature step
0.05 gives about 1 kJ/kg latent heat step which its ratio to
total latent heat is about (1/(2256 (kJ/kg) (latent heat at
100 °C)))=0.000374 about 0.0347% accuracy.)
Step 10: get value of hf, hv, Vf and Vg working ﬂuid saturation properties at Ti+1
Step 11:
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Step 12: get
x¼

Vt Vf
VgVf

ð19Þ

Then
hiþ1 ¼ ð1  xÞhf þ xhv

ð20Þ

Step 13: check if
ðQin  ðmcopper  C pcopper  ðT iþ1  T i Þ þ mwf ðhiþ1  hi Þ
þ EðT 4iþ1  T 4a ÞÞÞ < 0:5
Fig. 3. Eﬀect of RO module operating pressure on productivity at
diﬀerent working ﬂuid charged amount(kg) (21 December, 1 m2 collector
area, volume 0.01 m3, Latitude 30.5 Cairo, Egypt).

ð21Þ

If No then Ti = Ti+1 and repeat procedure from step 9
up to step 13
If yes then
Check if Pi = operating pressure of RO module or not
If No then Ti = Ti+1 and repeat procedure from step 8
up to step 13
If yes then Ti = Ti+1 and get value of hi then go to step
14
Process from point 2 to point 4 (constant pressure heat
add (expansion process))

Fig. 4. Eﬀect of operating pressure of RO module on percentage of total
energy coming to system to used energy in one cycle of system operation at
diﬀerent working ﬂuid charged amount(kg) (21 December, 1 m2 collector
area, volume 0.01 m3, Latitude 30.5 Cairo, Egypt).

Step 14: Get next 5 min heat add to system as stated in
step 1 and step 2
Step 15: Get value of hf, hv, Vf andVg working ﬂuid saturation properties at operating pressure of RO module.
Step 16:
rmv ¼

Qin
hv  hl

ð22Þ

Step 17:
rx ¼

Dmv
mwf

ð23Þ

Step 18: get
x ¼ xiþ1 þ rx

ð24Þ

Step 19:
V t ¼ ð1  xÞV f þ xV g

ð25Þ

Step 20:
Dmfresh water ¼ qðV tðiþ1Þ  V tðiÞ Þ

Fig. 5. Eﬀect of operating pressure of RO module on energy consumed.(J/
kgProduced Fresh Water) at diﬀerent amount of working ﬂuid charge (kg) (at
21 December, 1 m2 collector area, volume 0.01 m3, Latitude 30.5 Cairo,
Egypt).

Vt ¼

total volume of piping system and bubble of working fluidðV piping Þ
Total mass of the working fluidðmwf Þ

ð18Þ

ð26Þ

Then go to step 14.
At the end of the day or at the end of cycle at each operating pressure the system should come back again to its original position and start again. This will be appeared when a
speciﬁed operating pressure is selected and speciﬁed design
details will introduce. The system could come back again to
its original position by cooling coil wrapped around the
piston then allow to Cold sea water to ﬂow through it after
the end of operation cycle or by releasing the compressed
vapor in pressure tank after the end of operation cycle.
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Table 2
Comparison between work requirements for diﬀerent water desalination methods stated in references Lara et al. (2008) and that required for suggested
system.
Energy used

Work (MJ/kg)

Multi-stage
ﬂash

14.4

Reverse
osmosis

21.6–36.0

Conventional
vapor compression

21.6–36.0

Theoretical high
temperature vapor
compression

Present work 21 December 0.01 volume 4.75 kg
working ﬂuid Charge

Case C

Case A

80 bar (42,000 ppm)

40 bar (22,000 ppm)

5 bar(2500 ppm)

15.7

27.7

0.735

0.133

0.007

Table 3
Comparison between diﬀerent water desalination methods productivity that stated in references (Qiblawey, 2008; Moghadam, 2011; Karagiannis, 2008;
Charcosset, 2009; Shatat and Mahkamov, 2010; Tzen, 1998; Joyce, 2001; Hawlader, 2004; El-Dessouky, 2002; Nassar, 2007; Sen, 2008; Abdel Dayem,
2007; Lara et al., 2008; Mittelmen et al., 2009; Manolakos et al., 2009; Bemporad, 1995; Garacia-Rodriguez, 2003; Al-Hallaj et al., 2006) and that for
suggested system.
Energy used

Productivity
(L/m2 d)

Single eﬀect
solar stills

4–5

Diﬀusion still
(4 units)

8.7

Multiple eﬀect
basin still

25

Solar
MEH

13

Then recharge the piston with speciﬁed charge amount of
water.
The operation cycle could repeat if the system reaches to
end point of cycle at suitable sunny time when the remaining sunny time allows to the cycle to be repeated
completely.
5. Discussion
The system productivity is greatly inﬂuenced with RO
module operating pressure. Fig. 3 represents the eﬀect of
operating pressure RO module on the productivity of the
suggested system at diﬀerent working ﬂuid charge amount.
More operating pressure of RO module increases more
produced fresh water quantity decreases. This is because
more RO pressure increases more need for energy to overcome increase in pressure.
Eﬀect of operating pressure of RO module on percentage of total energy coming to system with respect to actual
energy used at diﬀerent charged amount of working ﬂuid is
shown in Fig. 4. This percentage is useful in determining
ability of repeating operation cycle of the system during
day hours. This due to that quantity of working ﬂuid
may completely evaporate during period of operation time.
The cycle of operation could be repeated many times equal
to this percentage. This means that the productivity at certain operation condition could be multiplied by this ratio.
The more charged amount of working ﬂuid increases the
more ability of repeating decreases.
Energy consumed for producing one kg of fresh water is
studied. See Fig. 5. The working ﬂuid charged amount has
no eﬀect on energy consumed. With increase of RO module
operating pressure the consumed energy increases due to
need to overcome pressure. Table 2 shows comparison
between the consumed energy for this system with other

MSF Solar
powered

6–60

Present work 21 December 0.01 volume 4.75 kg working
ﬂuid Charge
80 bar (42,000 ppm)

40 bar
(22,000 ppm)

5 bar
(2500 ppm)

55

200

1800

desalination systems. The comparison shows that the suggested system has a promising value for energy consumption for each kg of produced fresh water.
Table 3 shows comparison between productivity of the
system and other types of system that listed in references
(Qiblawey, 2008; El-Dessouky, 2002). The comparison
show that system productivity compared with other systems in case of using solar energy is very promising.
6. Conclusion
Solar desalination by suggested system increases the
productivity for each m2 of solar radiation collecting surface. The productivity reaches up to 1.833 m3/m2 day at
low operating pressure (brackish water). The productivity
decreases with the increase of operating pressure where at
80 bars it becomes about 0.055 m3/m2 day which is suitable
for sea water desalination. The suggested system gives a
large quantity of production rate of fresh water with
respect to other solar desalination system. And it is also
suitable for remote areas at diﬀerent type of water source.
References
Adel M. Abdel Dayem., 2007. A Pioneer System of Solar Water
Desalination, in: Proceeding of ISES Solar World Congress 2007:
Solar Energy and human settlement.
Al-Hallaj, Said et al., 2006. Solar desalination with humidiﬁcationdehumidiﬁcation cycle: Review of economics. Desalination 195, 169–
186.
Bemporad’, G.A., 1995. Basic hydrodynamic aspect of a solar energy
based desalination process. Solar Energy 54 (2), 125–134.
Charcosset, Catherine, 2009. A review of membrane processes and
renewable energies for desalination. Desalination 245, 214–231.
El-Dessouky, Hisham T., 2002. Fundamentals of Salt Water Desalination.
Elsevier.

Author's personal copy

A.A.A. Attia / Solar Energy 86 (2012) 2486–2493
Garacia-Rodriguez, Lourdes., 2003. Renewable energy applications in
desalination: state of the art. Solar Energy 75, 381–393.
Hawlader, M.N.A., 2004. Solar assisted heat pump desalination system.
Desalination 168, 49–54.
Joyce, Anthonio, 2001. Small reverse osmosis units using PV systems for
water puriﬁcation in rural places. Desalination 137, 39–44.
Karagiannis, Ioannis C., 2008. Water desalination cost literature: review
and assessment. Desalination 223, 448–456.
Lara, J.R., Noyes, G., Holtzapple, M.T., 2008. An investigation of high
operating temperature in mechanical vapor compression. Desalination,
217–232.
Manolakos et al., 2009. On site experimental evaluation of a lowtemperature solar organic Rankin cycle system for RO desalination.
Solar Energy 83, 646–656.
Mittelmen, G. et al., 2009. Water desalination with concentrating
photovoltaic/thermal (CPVT) systems. Solar Energy 83, 1322–1334.
Moghadam, Hamid, 2011. Optimization of solar ﬂat collector inclination.
Desalination 265, 107–111.
Nassar, Yasser Fathi, 2007. The second generation of solar desalination
systems. Desalination 209, 177–181.

2493

Qiblawey, Hazim Mohameed, Banat, Fawzi, 2008. Solar thermal desalination technologies. Desalination 220, 633–644.
Zekai, Sen, 2008. Solar energy fundamentals and modeling techniques.
Springer-Verlag London Limited.
Shatat, Mahmoud I.M., Mahkamov, K., 2010. Determination of rational
design parameters of a multi-stage solar water desalination still using
transient mathematical modeling. Renewable Energy 35, 52–61.
Tzen, E., 1998. Design of a stand alone PV – desalination system for rural
areas. Desalination 119, 327–334.

Further reading
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