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ABSTRACT

A Single Effect Symmetrical Green House Type Solar Still which can be used as a model for the
supply of portable water in rural communities was constructed from locally available materials.
Water quality profile tests performed on a brackish water sample before and after purification in
the still indicate that the Total Dissolved Solid (TDS) decreased from 1268 to 487 ppm while the
Biochemical Oxygen Demand (BOD) decreased from 2.5x107 to 15.1x107g/l. The Hydrogen
ion concentration (pH) increased from 5.79 to 6.93 while the electrolytic conductivity decreased
from 1.38x1 0% to 7.16x10°Qm™ and resistivity increased from 7.03x1 0° to 8.87x10° Qm. A
comparison of the values of these parameters for the purified water from the solar still with that
expected for standard pure water shows that the values are very comparable. For example, water
in its purest form has TDS and BOD less than 500ppm and 8x1 0’ g/l respectively with a pH of 7,
conductivity of 1.0x10° Qm™ and resistivity of 1.0x10° Qm. The values obtained for the purified
water from the still for these parameters are 478ppm, 15.1x1 0'3g/l, 7, 7.16x10°Qm™ and
8.87x10°Qm for TDS, BOD, pH, Conductivity and Resistivity respectively. This level of purity
profile for the water purified by the still is close enough to that of standard pure water. The still
is also found to be capable of producing enough quantity of water to meet the consumption need
of small rural families. Community water supply can be achieved by constructing several stills
and coupling them together. Therefore THE SINGLE EFFECT SOLAR STILL can be used to
purify water for portable water supply for the communities in the Riverine areas of the Niger
Delta Region of Nigeria where there is abundance of brackish water with no safe water for
drinking, and also in semi urban and urban centres where utility is non-existent or not functional.

INTRODUCTION

The most important determinants in rural
development are the provision of good
portable water for drinking and other uses and
the establishment of enabling infrastructure
for the support of small-scale industries
(Okujagu 1998; Duffy 2005; Johnson 1997).
Lack of these amenities poses a threat to the
development of most rural communities
(Okujagu 1996; Hoffman 2005; Foster et al
2005). Infact it has been said that adequate

supply of safe water is the pre-requisite for
significant ~ socio-economic  development
(Gordes and Perlin 2005; Hinkebein 2005;
Litter and Blessa 2005). This is because safe
water reduces the incidence of disease and
promotes good health and hence contributes to
development as well because as it is usually
said; “Health is Wealth”. (Johnson 1997,
Roddick and Biggs 2004). Again, good source
of water supply in rural communities in
combination with complementary health and
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economic development programmes would
reduce migration from the rural areas to the
cities (Johnson 1997; Rae 2005; Hoffman
2005). Therefore safe water supply system can
be used to encourage the grouping of
dispersed population into community units of
some size (Roddick and Biggs 2004; Miiler-
Holst et al 2005). The more concentrated the
population to be served with safe water, the
more likely it is that financially viable and
properly maintained water supply system
should be provided (Linsey et al, 1990; Yoklic
and Bautz  2005; Sagie 2005; Hinkebein
2005).

While it might be difficult to present a
rigorous justification for small community
water projects on financial ground (Duffy
2005; Hoffman 2005), justification for such
can be safely based on improving the quality
of water for better hygiene, health, improved
economic activities and greater convenience
(Hinkebein 2005; Shukla 2005). The need for
safe water by purification is predicated on the
fact that in most rural communities, safe water
do not occur naturally, rather most rural
drinking sources are from streams and ponds
which are mostly contaminated or naturally
hard due to dissolved salts and organic matter
(Rae 2005; Ribeiro and Bidoia 2005;
Delyannis 2003; Okujagu 1998; Gordes and
Perlin 2005; Alarcon 2005; Hoffman 2005;
Roddick and Biggs 2004).

Water Pollution Parameters:

Water pollution parameters can be described
as the contamination of any water resource or
drinking water source with substances that
make it unsuitable for the purpose for which
the water is meant to fulfill. For instance a
navigable water resource can be contaminated
with weeds or solid materials to such an extent
that navigation becomes impossible in the
water body. Similarly, a drinking water source
can be made non-drinkable or non-portable

when it is contaminated with varying degrees

of dissolved substances which are dangerous

to human health. Pollution of drinking water
sources can be described by the following
parameters;

(i) Physical pollutant parameters are; Taste,
Odour, Colour, Turbidity and Colloids.

(i)  Electro-Chemical pollutant parameters
are; Electrolytic conductivity/resistivity,
Hydrogen ion concentration or
alkalinity/acidity measure known as pH
and water hardness caused by the
presence of soluble salt of Ca or Mg.

(iii)) Biological pollutant parameters are;
Carbon-chloroform Extract-CCE
(Metcaff 2005; Sagawe et al 2005),
Biochemical Oxygen Demand - BOD,
Chemical Oxygen Demand — COD and
Bacteriological scale (Metcaff 2005).

(iv) Radiological Parameters (Saayigh 1998;
Wang et al 2005; Ribeiro & Bidoia
2005).

For the purpose of defining water quality,

these pollution parameters can be grouped

together into some important measurable
parameters. These are;

(a.) Total Dissolved Solids (TDS)

(b.) Biochemical Oxygen Demand (BOD)

(c.) Concentration of Hydrogen ion (pH)

(d.) Electrolytic Conductivity

(e.) Electrolytic Resistivty.

(Sagawe et al 2005; Metcaff 2005).

Water Treatment Processes:

The process used for treatment of water is

usually related to the type of contaminant in a

given water sample which is in turn related to

the nature of the phenomenon for bringing
about the observed change in the water
quality. Two broad methods exist, namely;

(a) Chemical/Biochemical Unit processes in
which change is brought about by
Chemical and Biochemical reaction such
as screening, micro screening, mixing,
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flocculation, filtration and membrane
filtration, (Salter et al 2005; Koshikowski
et al 2005; Kullab 2005).

(b) Physical Unit Operation processes in
which changes in water quality are
brought about by application of physical
forces such as gravity, gyroscoping
(setting), distillation (evaporation/
cooling) and solar distillation
(evaporation/condensation) (Ribeiro and
Bidoia 2005; Metcaff 2005; Sagawe et al
2005; Wang et al, 2005; and Kiastirim et
al 1987).

Most Effective Treatment Process

Of these purification methods, the most
effective way of providing portable water as
well as establishing simple industrial projects
for the rural populace seem to be that of Solar
Distillation Scheme. This is because in
addition to providing portable water, this
scheme will help operators to embark on
development  projects such as  the
establishment of small cottage industries for
the production of salt from the residue of the
sea water. This scheme which can also
provide viable source of income for the rural
people can be made to be cost effective if it is
installed to achieve direct on-the-spot
purification, conversion, storage and
distribution of the produced water, thus
eliminating the transportation of finished
products as is the case with public water
utility projects or the installation of
complicated machinery parts and the side
effects of corrosion and clogging (Okujagu
1998; Duffy 2005; and Johnson 1997). Such a
scheme can be achieved through a simple
solar energy flat collector called “Solar Still”,
whose technology and device fabrication are
simple, cheap and environmentally friendly
(Rae 2005). Solar Still are simple solar
desalination or distillation units which are
capable of desalinating brackish (saline) water

or distilling dirty (impure) water to yield fresh
pure water (as distillate) and salt (as the
residue if saline water is used) Okujagu
(1998); Zhu (2005); Bassuoni (1986); Litter
and Blessa (2005); Abakr, Ismail and
Mahmoud (2005); Ahatov et al (2005);
Alarcon (2005); Foster, Amos and Eby
(2005); Hay (1996); Foster and Comier
(1999); Hay (2005); Salter et al (2005) and
Roddick and Biggs (2004).

THE EXPERIMENTAL SOLAR STILL
The evaporation basin (about 2cm deep) of the
experimental Single Effect Green House Type
Solar Still was constructed with a Imm thick
galvanized iron sheet. The inside of the basin
was painted black with two rubber hoses
attached to two pipes by the side of the basin.
One of these serves as the inlet for the brine
(sea water) and the other, outlet for pure water
after evaporation — condensation process
within the still system.

Four sheets of glass (3mm thick) were
used to cover the top of the basin in a V roof
shaped manner (Tiwari & Tiwari 2005;
Trinipathy and Tiwari 2005). The glasses are
fitted into the margin at the top of the water
basin forming the groove for the collection of
the distilled water. Brine (sea water) was
introduced into the basin through the inlet pipe
and the still was placed in an open field and
exposed to sunlight. As the water is being
heated up by the absorbed solar radiation, bulk
evaporation began to take place and the humid
air ascends above the water surface to the
glazing, (Shukla 2005; Tianju 2005). It cools
down and may reach an over saturation
condition where the moisture in it becomes
drops of water (dew) (Inaba, 1984). Thus
condensation takes place on the inside surface
of the glass cover, giving off heat of
condensation, (Zhu 2005; Wang et al 2005).
The released heat rises the temperature of the
glazing, but the heat is quickly conducted
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through the glass cover and finally conveyed  ambient temperature, water depth and
away into the atmosphere by the surrounding  variations in water conditions (Kiastirim,

wind/air (Inaba 1984; Hay 2005; Kiastirim et
al 1987; Koshikowski, et al 2005). Fig 1a
shows the schematic lateral diagram of the
still, while Fig 1b shows the cross sectional
diagram of the still.

ANALYSIS
SYSTEM
Generally, the quantity and quality of the
water produced by the solar still are
determined by the still basin and water
temperatures, glass surface temperature,

OF THE SOLAR STILL
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Fig. 1a. Schematic Diagram of Green House Type Solar Still

Table.1. 30 Days Evaporation Profile.

Bhattachaya and Wibulwos 1987; Kim et al
2006; Inaba 1984; Trinipathi and Tiwari
2005). Three types of analysis were carried
out on the solar still system, namely: Analysis
of the Evaporation Profile; Water Quality
Profile and Temperature Profile;

Evaporation Profile:

Table.l. Shows the cumulative volume of
water evaporated and condensed in the still in
the first 10days, 20 and then 30days over
which the experiment was performed.
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Fig 1b. A cross Section of the Green House Solar Still

Days Volume (cl) | Cumulative (cl)average | Difference in Volume (cl)
1™ 10 days average | 1,800 1,800 1,800

2" 10 days average | 2,700 4,500 900

3 10 days average | 3,200 7,700 500

The variation in the water yield is linked to the
process of optimization of water quantity,
namely; (depth) of the still, still temperature,
prevailing environmental factors and heat

transfer within the still as the days progressed.
From the values of the water yields, the
evaporation rate can be obtained using the
equation below:
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Evaporation Rate =

Quantity of Distilled Water (Qd)

Time interval (t)

For the 1 10 days, the evaporation Rate is therefore 1,800 =180cl per day.

10days

For the 2™ 10 days, the evaporation Rate is 2,700 = 270cl per day.
10days
In the last 10 days, the evaporation Rate is 3,200 = 320cl per day.

10days

Therefore the cumulative evaporation Rate is 7,700 = 256.6¢1 per day.

30days
This gives an average of 2.56 liters of water per day for this size of Solar Still. This water yield
may satisfy an individual’s water in take for the day.

This rate of water yield obtained from this size
of solar still can serve as a good model for
small scale water production to serve a small
family if the size of the still is expanded
commensurately for the number of persons in
the family. For a community, several stills can
be constructed and joined in series to increase
water yield (Richards et al 2005; Tiwari &
Tiwari 2005; Miiler-Holst et al 2005;
Kumurarel, Kannan and Golapaswamy 2005).
It was found that the productivity of the still
was highest in the afternoon between 1 and
2pm. This is as expected for equatorial
locations and for the time of the year when
sun is over head at about that time of the day.
Also, at that time of the day when the sky is
less cloudy, the sun is effective in heating the
brine in the still thereby causing higher rate of
evaporation-condensation process. It was also
observed that between the beginning of
evaporation on the first day and the tenth day,
the difference in productivity was 1,800cl.
That between the 10™ and the 20™ day was
2,700-1,800 = 900cl, while that between the
twentieth and the thirtieth day was 3,200-
270 = 500cl.

This shows that the differences in
yields between each 10day average decreases
from 1,800cl to 900cl and to 500cl. This is as

expected from a single filling of the still due
to the fact that as the days go by, the bulk of
the water would have been evaporated and
condensed to form pure water. As the volume
of water reduces in the still, bulk yield
difference reduces due to the fact that the
small volumes of water can no longer support
large yield difference. This result therefore
requires that to achieve continuously large
yield and yield difference, the still should be
replenished with appropriate quantity of fresh
water to replace that which has been
evaporated. This will also ensure adequate
and continuous water yield through the life
time of the Still.

Water Quality Parameters Profile:

A sample of brackish water was taken and
analysed to ascertain the water quality before
the evaporation processes began. At the end of
the experiment, a sample of the
evaporated/condensed water from the out let
container was also analysed to ascertain the
quality of the resulting distilled water. This
was done with the aim of comparing the
quality of the distilled water to that of the
brackish water and standard pure (portable)
water. Table 2 shows the different methods
used in the analysis.
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Table 2: Different methods for the analysis of water quality parameters.

Parameters | Instrument for Measurement Significance

1. | TDS “Tyndall effect apparatus” which | Indicates the sum total of organic
indicates the amount of dissolved | solutes and all soluble materials in the
salt by the scattering of light beam | water.
that is shone into the solution.

2. | BOD Biochemical Analyzer Determines the amount of Oxygen

absorbed by a given water sample.
3. | pH pH meter/monitors and Measures the acidity or alkalinity of the

multispectrometer.

water and is represented by the
concentration of hydrogen ion present
in the water.

4. | Conductivity
and (multispectrometer)
Resistivity

“Conductivity/Resistivity meter

Measures the total ionizable material
present in the water which is directly
reflected either as conductivity or
resistivity parameters of the electrolyte
(water sample).

The result of these analyses and that of the parameters for standard pure water quality are as

shown in table 3.

Table 3: Water Quality Profile for Brackish Water, Purified Water and Standard Pure Water.

Water Quality Value for Brackish Value for Solar Value for Standard

Parameter Water, Before Solar Distilled Pure Water
Distillation Water

TDS (ppm) 1269 487 Not exceeding 500

BOD g/l 2.5x107 15.1x107 Not exceeding

8x10”

pH 5.79 6.93 7.0

Conductivity 1.38x10° 7.16x10°® 1.0x10”

Qm™

Resistivity Qm 7.03x10° 8.37x10° 1.0x10’

This result shows that the distilled water
quality has improved greatly and is highly
comparable to those of pure portable water
standards, (Hinkebein 2005). For example the
TDS value decreased from 1269 ppm to
480ppm. The US geological survey report
states that water is safe for consumption when
TDS level does not exceed 500ppm and BOD
level does not exceed 8x10~ g/l (Linsley et al

1990). Also the BOD level for the water
sample decreased from 2.5x10 to 15.1x107
g/l. It can therefore be said that solar
distillation is an effective method of purifying
water to obtain acceptable TDS and BOD
values. Hence solar distilled water is safe for
consumption. This is in keeping with the
findings of (Kulab, Liu and Martin 2005 and
Kumaravel, Kannaon and Gopalaswami
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2005). Similarly, the pH of the water

increased from the brackish acidic state of

5.79 to 6.93 which is very close to that of pure

water value of 7.0. Also, the electrolytic

conductivity reduced from 1.38x10® to
7.16x10°%Q m'l, a value close to the standard
value of 1.0x10°Qm™, while the resistivity
increased from 7.03x10% to 8.3x10°® which is
close to a standard value of 1.0x10° Qm the
prescribed values for pure water (Henkebien

2005; Read and Cooper, 1974; Richards et al

2005; Tiangu 2005; Tiwari and Tiwari 2005).

Temperature Profiles of the Various

Components of the Still:

Figures 2, 3 and 4 show the mean

temperature variation for the still components

(basin, water and glass) and the ambient

temperature for the 1% 10days, 2™ 10days and

3" 10days respectively, while (Figure 5)

shows the 30days-mean temperature for the

parameters.

The following facts were observed from the

temperature profiles.

(1) Temperatures of all the still components
(water, basin, glass) were higher than the
ambient temperatures. This shows that the
components have the ability of intercepting
and converting solar radiation to thermal
radiation (heat).

(i) Water temperatures are higher than the
basin temperatures. This shows that when
the black basin surface intercepts and
converts solar radiation into heat, the heat is

quickly transferred to the water body which
traps the heat in itself because the brine (salt
water) acts as a halocline (salt gradient
solution), leaving the basin at a lower
temperature than the water.

(iii))  The ambient temperature and the glass
temperature follow the same pattern because
they are directly affected by the incoming
solar radiation and atmospheric condition
around the still. On the other hand, the water
and the basin temperatures follow the same
pattern because they are both affected by the
absorbed and reradiated thermal radiation in
the still system.

(iv)  The behaviours of the ambient and
glass temperatures were a bit erratic for the
first 10days average (Figure 2). These
parameter begin to streamline in the next
10days (Figure3) and then in the last 10days
(Figure 4). Finally, the parameters follow
the day time temperature pattern in these
latitudes in the 30days mean profiles of
(Figure 5).

It is also noted that the level of water
temperature above that of the ambient show
how much heat is trapped by the water to
cause evaporation to take place within the
water and from the water surface. Since the
glass temperature is cooler, water vapor
reaching it then cools down and condenses to
form water droplets which coalesces together
to form liquid (water) that flow down the
slope into the groove (trough) or channel at
the top of the water basin.
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This water is then collected into a container
through the outlet pipe. New brine is usually
introduced through the inlet pipe to replace the
evaporated water so as to continue the
process. If new brine is not introduced and the
water is allowed to evaporate to dryness, the
salt residues will be left at the bottom of the
still which can then be scrapped out to form
salt. This part of the experiment and analysis
will be the subject of another paper.

CONCLUSION:

The single effect solar still which was
constructed from locally available materials
was tested and proved to be an effective
purification (desalination) unit for brackish
(saline) sea water and hence for any impure
pond or stream water which are prevalent in
most rural areas especially those found in the
Niger Delta region. The level of purification
that was obtained with this system is even
higher than most public utility purification
systems that exist in urban areas. It is
therefore recommended that both local and
state governments should look into this
technology with a view of adopting it for their
rural and even urban water supply projects
especially in the Riverine areas of Niger Delta
and elsewhere where saline and brackish
water are in abundance but no safe drinking
water. Therefore it can be said that impure
water can be purified to a very high safe
consumption level for these rural populace
using ‘‘the single effect green house type
solar still device technology” or any other
type of solar still technology.

References
Abakr, Y, A. Ismail and J. Mahmoud, “A
Novel Solar Still  Using Trough

Concentration”. Paper presented at the
International Solar Energy Society (ISES)
2005 Solar World Congress, Orlando,
Florida. August 6™ — 13"

Ahatov, J. (2005), “Solar Desalination Plants
for Arid Areas’’. Ibid.

Alarcon, D. (2005),” Design and Set up of a
Hybrid Solar Sea Water Desalination
System-The AQUASOL PROJECT”’. Ibid

Bassuoni, A .A. (1986), “Enhanced
Desalination Unit; Modified Cascade
Still”’, Solar and Wind technology, Vol -
12 No-3 1986 (194-198).

Delyannis, E. and V. Belessiotis (2001).”
Solar Energy and Desalination’ in
Advances in Solar Energy Vol-14, Ed, D.
Yogi Goswami and K. W. B6ér, American
Solar Energy Society Inc, Boulder, CO
(287-330).

Delyannis, E. (2003). “Historical Background
of Desalination and Renewable Energies”.
Solar Energy Vol-75 No 5.

Duffy, J. (2005). “Village Empowerment:
Sustainable  Solar  Solution’’.  Paper
Presented at ISES 2005 Solar World
Congress.

Foster, R. W. Amos and S. Eby (2005). “Ten
Years of Solar Desalination
Applications’’. Ibid.

Foster, R. and M. Cormier (1999). Solar Still
Construction and Operation Manual.
Elpaso  Solar  Energy  Association
Publication, Texas USA.

Gordes, J. and J. Perlin (2005).“An Historical
and Perspective Review of Solar Water
Purification””. ISES 2005 Solar World
Congress.

Hay, H. R (1996). “V-Covered Solar Still’’;
Sun at work, Vol 19.

Hay, H. R (2005). “Wet Steps to Solar Stills’’.
ISES 2005, Solar World Congress.

Hinkebein, T. E (2005). Water Quality;
“Effective and Economics Solution™’.
Sandia Water Initiative Fact Sheets by
Sandia National Laboratories Group on
Water Safety, Security and Sustainability,
Ibid.



Scientia Africana, Vol. 7 (No.2), December 2008; pp 111-122 121

© Faculty of Science, University of Port Harcourt. Printed in Nigeria.

ISSN 1118 -1931

Hinkebein T. E (2005). “Desalination
Technology Roadmap Development”.
Ibid.

Hoffman A (225) “Water Security; A Growing
Crisis”. ISES2005 Solar World Congress.

Inaba, H. (1984) “Experimental Study of
Natural Convection in an Inclined Air
Layer’’. International Journal of Heat and
Mass Transfer. Vol27 (127-137).

Johnson, C. R. (1977) Village Water System,
UNICEF PUBLICATION, NEPAL (107-
109).

Kiastirim, T.S., C. Bhattachaya and W.
Wibulwos (1987). “Performance Analysis
of a Multiple Effect Vertical Still with Flat
Plate Solar Collector.”” Solar and Wind
Technology, Vol 14 No 2 (443-446).

Kim, D. H et-al (2006) “Simulation and Model
Validation of a Horizontal Shallow Basin
Solar Concentrator’’. Solar Energy Vol 81
No 4 (463-475).

Koshikowski, J., M. Rommelan and
M.Wieghaus (2005)” Solar Thermal
Driven Membrane Distillation for Small
Desalination Plants.”” ISES 2005 Solar
World Congress.

Kullab, A., C. Liu and A. Martin (2005).”
Solar Desalination Using Membrane
Distillation: Technical Evaluation Case
Study; Ibid.

Kumuravel, M., A. Kannan and

R.Gopalaswami (2005) “Solar
Photovoltaic  Powered  Sea  Water
Desalination Plant’’, Ibid.

Linsey et-al (1990) Water Resources
Engineering. Mcgraw Hill Publishers
(491- 507).

Litter, M. and M. Blessa (2005). “Solar
Energy Based Water Portabilization-Low-
cost Technologies for Isolated Regions of
Latin America and the Caribbeans”, ISES
2005 Solar World Congress.

Metcaff, R. (2005). “The Microbiology of
Solar Pasturization with Application in
Kenya and Tanzania”. Ibid.

Okujagu, C. U. (1996). ‘“Rationale For
Introducing Solar Still Technology into
Introductory Technology Curriculum of
Secondary School in Nigeria; Journal of
Technical and Science Education Vol 5,
No 1&2 (183-188).

Okujagu, C. U. (1998) “Solar Still Technology
For Rural Development in the Niger Delta
Region of Nigeria’’, Journal of Applied
Science and Environmental Management
Vol 1 No 1 (4-5)

Rae, P. (2005) “Symphony of Renewables —
Meeting the Millennium Development
Goal and Bringing Water and Energy to
the World.” ISES 2005 Solar World
Congress.

Read, W. R. and E.T. Cooper (1974). “Design
Philosophy and Operation Experience for
the Australian Solar Still” Solar Energy
Vol 16(186 — 188).

Ribeiro. M and B. Bidoia (2005).
“Photocatalytic and Photo  Plectro-
Chemical Treatment Effect on the Killing
of Esherichia Colicells.” ISES 2005 Solar
World Congress.

Roddick, A. and B. S. Biggs (2004)).
“Troubled Water: Saints Sinners, Truths
and Lies about the Global Water Crisis”.
Annita Roddicks Books, Chichester, West
Sussex, UK.

Saayigh A. A (1998). Solar Engineering;
Academic Press Inc (75 ff).

Sagie, S (2005) “Commercial Scale Solar
Powered Desalination Units” ISES 2005
Solar Energy World Congress.

Salter, S. (2005) “Candidates for Solar Power:
A Novel Desalination Technology for
Coal Bed Methane Produced Water”, Ibid.

Shukla, S. (2005). “Performance Studies of
Solar Desalination System Under Indian
Climate Conditation”, Ibid.



Okujagu et al; Single effect green house type solar still for portable water supply 122

Tiangu, N (2005) “Portable Water Preparation
from Sea Water Using Combined
Chimney Technologies”, Ibid.

Tiwari, A and G. N. Tiwari (2005). “An
Optimization of Scope of Condensing
Cover of Solar Still for Maximum Yield in
Summer Climatec Conditions”, Ibid.

Triripathi, R. and G. N. Tiwari (2005).
“Thermal Modeling of Passive and Active
Solar Stills for Different Depths of Water
by Using the Concept of Solar Fraction”,
Ibid.

Wang, Y. (2005), “Simulation and
Experimental Study on Fresh Water
Production from Sea Water Using Solar
Chimney”, Ibid.

Wang, Y. (2005), “Portable Water Preparation
from Sea Water Using Combined Solar
Chimney Technologies”, Ibid.

Yoklic, M and C. Bautz (2005), “A Case Study
of the Limits to Water Resources
Development”, Ibid.

Zhu L (2005) “Portable Water Preparation
From Sea Water, Using Combined Solar
Chimney Technologies”, Ibid.



