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ABSTRACT

The low cost water desalination was designed and fabricated to reduce and eliminate
microbiological and chemical pollutants. Total and fecal coliforms, pH and chloride were parameters
used to determine the efficacy of treatment of saline water.

The 10-liter capacity Solar Desalination and Disinfection Chamber (SDDC) set-up consisted of
12.7 mm thick glass with dimensions of 0.9 x 0.9 x 1.2 m., equipped with thermocouple, cloth filtration
and activated carbon filtration. The set-up was made to determine its performance on pathogen (total
and fecal coliform) and chloride reduction of the saline water feed.

The SDDC prototype had the capacity to disinfect contaminated water containing an initial total
and fecal coliform concentration of >16 x 10 © MPN/100 mL to a final value of <2 MPN/100 mL.
Another important result was the reduction of chlorides from saline water from initial values ranging
from 14,000 mg/L to 19,000 mg/L down to a concentration of only 1.0 mg/L. Chloride content is the
main factor that contributes to water salinity. The volume of treated water ranged from 230 mL to 3,270
mL per day, depending on sunlight exposure and cloud cover. The measured optimum temperature
ranged from 34 °C to 67 °C for an 8-hr exposure to the sun.

1. INTRODUCTION

Fresh water has been ground- and surface-sourced and is being conserved through reuse.
Although 70% of the planet is covered with water, 97.5% of this is the ocean which provides a large and
virtually untapped source of water to solve increasing demand for fresh water. By difference, only 2.5%
of the total water on earth is freshwater as shown in Figure 1a and about 69.5% of this is frozen in the
icecaps and glaciers as shown in Figure 1b, leaving 30.2% non-renewable and about 0.3% renewable
such as water found in lakes, rivers, reservoir, and underground sources ready for human consumption
(Miller, 2003; Gowin, 2002; Al-Kharabsheh and Goswami, 2004).
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Figure 1a. Global fraction of salt and fresh water

Based on studies, half the world’s population will have no access to fresh water by year 2015. By
2025, two-thirds of the world’s population may live in countries with moderate to severe water
shortages. During the 20" century, demand for water increased four-fold, more than double the rate of
the growth of human population, while pollution and over-extraction of wat

. . er sources in many regions
of the world reduced the ability of supplies to meet the demand (Miller, 200

3).
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Figure 1b. Distribution of fresh water

1.1 Background

Desalination is a process that- removes salts and other dissolved contaminants from saline or brackish
water to make it potable. Desalination is a widely known method for treating saline water for drinking
water (saline) and se ing it into two (2)
streams; the stream of desalted water (treated) which contains a minilzlal coné):;?rt:t]ig rllt cl)lfl’ dissolved
solids and minerals and the stream of liquid containing hig .

h concentrati ; . . Is
1ons of dissolv minera
and other compounds. olved solids,
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1.2 Heat Flow of the Sun

The sun plays a dominant role in the planetary atmosphere wherein the solar radiation and particles
are fundamental in the evolutionary process of the planet (Lammer et al., 2004). The energy of the sun
is produced in its core through fusion of hydrogen to form helium. This energy flows toward the surface
where it radiates and increases when the brightness of the sun increases. Knowledge of this global solar
radiation in energy conversion is essential in the design optimization and prediction of the desalination
system performance but determining the amount of global solar radiation using pyranometers requires
expensive instrumentation (El-Sebaii & Trabea, 2005).

The solar radiation energy change happens gradually throughout the year when there is gradual
change in the angle of incidence of the sunrays (Ferenc et al., 2002). Solar ultraviolet radiation, with
wavelengths ranging from 290 nm to about 400 nm, is a very important component in our environment.
The ultraviolet radiation spectrum can be further subdivided into the following sub-spectral
classifications (Trabea and Salem, 2001):

e Near ultraviolet(380 — 300 nm)

e Middle ultraviolet (300 — 200 nm)

e Farultraviolet (200 — 100 nm)

e Extreme ultraviolet (100 —4 nm)

Ultraviolet light has been widely used for water disinfection applications. Within the ultraviolet
radiation spectrum of 200 to 280 nm lies the region known as the germicidal range with an optimum
wavelength of 254 nm, as shown in Figure lc. Exposing microorganisms to radiation in this range will
destroy their DNA within 3-5 seconds, effectively inactivating them. This is significantly faster
compared with chlorine that takes between 20-45 minutes (McSherry et al., 2004).

“Uitratfolet'Radiation Spectrum
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Figure 1c. Ultraviolet Radiation Spectrum.

1.3 Solar Desalination

Most solar water desalination plants use a single-stage flash distillation process where heat is
generated from solar energy. This solar energy desalination plant produces frc?sh .water by pumping
seawater to the pre-treatment unit first and subsequently passes through distillation cglumn. Solar
desalination disinfects by destroying disease-causing bacteria by the action of heat and light from the
sun.
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The study focused on the performance of the solar desalination and disinfection chamber (SDDC)
set-up. The study also evaluates the performance of the set-up in reducing chloride ion present in
brackish or saline water. Characterization of raw and treated water using total and fecal coliform to
evaluate the fate of disinfecting raw water and ensures treated water free from pathogens.

2. MATERIALS AND METHODS

This solar desalination study was conducted using a low cost mod
primary considerations in selecting materials for the equipment were avai
operation and maintenance, economic viability, and UV and heat transmission capacity.

The study consists of two phases — i) design of the solar desalination equipment and ii) operation
and experiment using the designed equipment. These are discussed in the following sections.

ular solar still system. The
lability of materials, ease in

2.1 Design of Equipments

The solar still initially tested the performance of a 15° an

a small angle of inclination rendeored the distillate collector ineffective in catching the condensates that
form on the top cover hence, a 45" angle cover was used instead of the 15° cover. The solar still set-up is

composed of primary treatment, desalination, and filtration chamber, piping and tubing components.
The conceptual design of the whole process is shown in Figure 2a.

gle top cover in collecting water. But such
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Figure 2a. Conceptual Design of Solar Desalinatiop Pro
cess

Copyright © 2009 Philippine Engineering Journal
Phil. Eng’g, J. 2009; 30: 39-52



PERFORMANCE EVALUATION OF MODULAR SOLAR DESALINATION 43

~ The primary treatment involves a simple filtration system wherein saline water passes through the
cloth filtration chamber (CFC). The filter media used in this process consist of small pore cloth
(approximately 5.0 #m) as shown in Figure 2b. This ensures the removal of some suspended particles
that was present in the seawater or brackish water that might hinder the desalination process. The
chamber is made up of high-density polyethylene (HDPE) cylindrical tank and packed with cloth for
easy maintenance with dimensions of 0.5 m in height and 0.4 m in diameter.

Inlet (Salino Water)
_Ac__;j\

Filter Cloth

06m

/

04m

Outlot (Protroated Saline
Water to Desalinator)

Figure 2b. Schematic diagram of the cloth filtration chamber (CFC)

The distillation column where the main process took place was the next step. The materials used in
this vessel were any kind of black-heat absorbent material. In this case the black absorbent material used
was a black cardboard. This black-heat absorbent material was located at the bottom of the chamber to
maximize the operating temperature of the water as shown in Figure 2c. A thermocouple was used to
measure the temperatures of the water and the water vapor; one directly submerged in the pool of water
at the bottom of the chamber and the other at the top portion for vapor space inside the chamber, just
below the top cover. The whole body of the vessel was made up glass or UV rated plastics including the
cover that has a gutter in the side, which collects water drippings or condensates. These have dimensions
of 0.81 m? at the base with 1.07 m in height as shown in Figure 2a.

\\G!{D/
a7/
UV Rated Plastic _—

or Glass Cover <

Condensed droplets flow along
the Inside of the glass cover
0

2
A

\
7

N\

g rough the collection gutter
Puge,
s
Evaporation
Process
Temperature
Probe Port Outlet to Carbon Filtration
Inlet from Filter Cloth [ ﬁ ﬂ ﬂ b 4 (Distitled Water)
(Pre-treated Baline or ———P Heated by the sun, water

Drackioh water) evaporates and condenses

Oistilled Water
Trough/Gutter

lack Heat
Absorbent Materlal

Figure 2c.  Schematic diagram of solar desalination and disinfection chamber
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The last part of the vessel is the carbon purifier. This was a small vessel that is made up of HDPE
plastic as shown in Figure 2d. The vessel is filled with Activated carbon is used in this vessel as a filter
media, to remove the pungent taste and odor in the distillate prior to storage. The filtration chamber has
dimensions of 150 mm in height and 90 mm in diameter.
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Figure 2d. Schematic diagram of activated carbon filtration chamber

Piping lines or small tubes made of rubber tubing were used to transport water from one vessel to
another to prevent corrosion. Thermocouples were placed at Strategic points in the distillation column
for temperature monitoring. The black heat absorbent materia] made up of black cardboard is laid at the
bottom of the distillation chamber to capture the heat from the sun.

2.2 Raw Water Characterization

Characterization of raw water was undertaken according to the sta ilippine
National Standards for Drinking Water (PNSDW), Chlorigdes’ pH a:(‘iiatrgtsalse;n%y ff::alpl:o l?f%nﬂ
measurements were conducted to know the fate of reducing and removing of these types of pollutants.

Chloride and pH measurements for both the treated and raw water were con!Ziuctedp using the
Philippine National Standard for Drinking Water (PNSDW) as reference. The treated water must pass
the PNSDW standards for these parameters to make it potable.

Only total and fecal coliform were chosen for microbiologi,

Copyright © 2009 Philippine Engineering Journal
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a. Treatment Procedure

The saline water was pre-treated first in the filter cloth chamber. Here, the suspended solids or
particles were removed at the very start to eliminate interference during the desalination process. This
also increased the removal efficiency of the pollutants.

Solar desalination and disinfection treatment of the prepared saline water were conducted between
8:30 a.m. to 4:00 p.m. The chamber was filled with 4 — 6 liters of raw water. Batches were processed at
different temperature levels ranging from 34 to 70 °C, depending weather and sky conditions.

After a sufficient quantity of treated water was collected (approximately 1 liter), it was subjected to
carbon filtration to further remove the dissolved pollutants that were entrained with the distillate. The
samples were taken from the collection outlet after reaching the desired amount of collected water to
analyze all the parameters of concern.

Saline water was first passed through the cloth filtration to remove suspended particles and reduce
other pollutants present during the process. The pretreated water was then ready for the next step of the
process. The pre-treated water from the cloth filtration was subjected to solar desalination and
disinfection chamber for further treatment, wherein distillation and disinfection take place. The
pre-treated water was introduced at the side of the chamber as shown in Figure 3c. This chamber has a
capacity of 10 liters but, during the experiment, the volume of water to be treated was reduced to the
maximum of 6 liters to increase the distillation efficiency and maximize the heat absorbed by the
chamber. This chamber was exposed to sunlight where the process of evaporation and condensation
takes place. The drippings from the top cover (glass) are allowed to flow along the inside of the cover
onto a trough where treated water is collected. This process ensures that the water (treated) is free from
residual contamination.

The treated water from desalination chamber is allowed to pass through an activated carbon
filtration chamber for further removal of objectionable taste and odor by adsorption. This chamber was
packed with activated carbon granules, as illustrated in Figure 3d. The chamber is about 4 inches in
diameter and 5 inches in height, made up of high-density polyethylene (HDPE) plastic. The collected
samples were brought to laboratory for analysis.

Laboratory analysis was carried out at the Environmental Engineering (EnE) laboratory at the
University of the Philippines, Diliman. Parameters analyzed were chlorides, and total and fecal
coliforms. These were the same parameters analyzed for raw water which should not be present in the
treated water for it to be safe and potable. The experiments were conducted under sunny weather with 30
trials. The volume collected during the experiment varies depending on the sky condition. During
cloudy conditions the volume collected was expected to be small but the trials were considered and
included if the collected treated water was at least 200 mL enough for analysis.

3. DISCUSSION AND RESULTS

3.1 Characteristics of Raw and Treated Water

pH, chlorides, and total and fecal coliform properties of treated water were analyzed and the results
were evaluated during the entire process. These characteristics of water measured in this study were
based on the required parameter by the Philippine National Standards for Drinking Water (PNSDW).
The range of values obtained for the different parameters were presented in Table 3a. Experiments done
with 30 runs where average chloride values for raw and treated water were 16,431.17 mg/L and 0.27
mg/L with standard deviations of 1,735.53 and 0.36, respectively shown in Table 3b. While the pH
average values for raw and treated water were 6.97 and 6.62 with standard deviations of 0.22 and 0.30.
Based on the results, the standard deviation measures how far the numbers from their average is. As a
result the values of the standard deviation were small and conclude that the data are close together.

Copyright © 2009 Philippine Engincering Journal Phil. Eng’g. J. 2009; 30: 39-52
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Table 3a
Summary of values for raw and treated water
. PNSDW
Parameters Saline Water | Treated Water Standard Methods
Chlorides, 14,180 — . Argentometric
mg/L 19,143 nil - 1.0 250 Method
Glass Electrode

pH 6.54 -7.37 6.07-7.26 6.5-8.5 Method
Total Multiple-Tube
Coliforms, >16x10° <2 <2 Fermentation
MPN/100mL Technique
Fecal Multiple-Tube
Coliforms, >16x10° <2 <2 Fermentation
MPN/100mL Technique

The pH value indicates whether the water is acidic or alkaline, [t
0-14. Basically, the pH value may also signify whether the water js h
shown in Figure 3a and Table 3b in the treated water are within the
selected trials which are a little below the required pH range of 6.
Standard for Drinking Water (PNSDW). The reduced pH after the
CO, from atmosphere being absorbed by the water as it cools, formi
pH. This occurrence is the same with what happens in acid rain fo
carbon dioxide (CO,) dissolves in the condensing water vapor in a
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Table 3b
Average values and standard deviation of raw and treated water
Parameters Values Average - —
Standard Deviation
Raw Water T‘rve ated Raw Treated ﬁlaw - Treated
ater Water Wat
Chlorides, 14,180 - 19,143 nil— 1.0 m\er Water Water |
| mg/L, BT 027 | g 73553 0.36
pH 63473 | 891726 | 691 | 6, | om e
Total " R
Coliforms, >16x10° <2
MPN/100mL - - -
Fecal I e B
Coliforms, >16x10° <2 o
MPN/100mL o= - -
i—\\‘

PH (PN sDwW,
Max .
InhiupH FENSDW,)
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Chloride concentrations in the treated water ranging from nil to 1.0 are within the PNSDW standard
as shown in Figure 3b and Figure 3c. During the desalination process the percent removal of chloride for
the entire experiment will not be lower than 99 % as indicates in Table 3c. Chloride content after this
process was merely negligible in value.
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Figure 3b. Chloride concentration profile of raw and treated water.

PNSDW standard
150 - e Treated water

Chloride concentration, g/l
8

Figure 3c. Comparison of chloride values between Philippine National Standard for
Drinking Water (PNSDW) and treated water.

The most serious threat to potable water supply is fecal contamination. Thus, total and fecal
coliform concentrations of the raw and treated water were measured and compared. The results showed
that raw and treated water total and fecal coliform count were >16 x 10® MPN/100 mL and <2 MPN/100
mL, respectively. The high coliform count for the raw sample was due to the source of the raw water
sample. The sampling point for the raw saline water used for this experiment was along the
highly-populated coastal area of Kawit, Cavite. The runoff from domestic wastewater of the residents
contributes to the high values of total and fecal coliform. This was further validated that the total
coliform obtained were fecal in nature as shown by the equal MPN values for total and fecal coliform.
The treated water samples gave a negative result for total and fecal coliforms since the samples were
subjected to a high temperatures of 34 to 69 °C during the SDDC treatment. Pathogens can also die off
at temperatures as low as 50 °C, thus disinfection occurred during the treatment (Peralta et al., 2000).

Copyright © 2009 Philippine Engineering Journal Phil. Eng’g. J. 2009; 30: 39-52
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Table 3c.

Percent (%) removal and chloride concentration values for raw and treated water.
V" frials . | Chloride Copicentration, mg/L) [ - —————
.-,i’a_!’_;;,;; ‘=, Raw Water | Treated Water | | PRCENT REMOVA,L’ % :

1 14,180 0.00 100.00

2 14,180 0.25 100.00

3 14,180 0.00 100.00

3 14,180 0.00 100.00

5 19,143 1.00 99.99

6 19,143 0.00 100.00

7 19,143 0.50 100.00

8 19,143 0.00 100.00

9 16,662 0.00 100.00

10 16,662 0.50 100.00

11 16,662 0.00 100.00

12 16,662 0.00 100.00

13 17,725 0.00 100.00

14 17,725 1.00 99.99

15 17,725 0.25 100.00

16 16,307 0.75 100.00

17 16,307 0.00 100.00

18 16,307 1.00 99.99

19 15,598 0.50 100.00

20 15,598 0.00 100.00

21 15,598 0.00 100.00
22 14,180 0.00 10000

23 14,180 0.25 100.00

24 14,180 1.00 99.99

25 15,421 0.00 100.00

26 15,421 0.00 100.00

27 15,421 0.25 100.00

28 18,434 0.50 100.00
29 13,434 0.25 W
_ ??‘ _ 18,434 0.00 oo

el (]

—————000 ™

Avegr age 16,431.17 0.27 100.00

3.2 Temperature and Volume Collection

he sides of the equipment were
efficient because some of the

distillate collector was not yet installed. The collector s DC lve this
Wwas extended to solve

stem
problem. Y of the SD

Copyright © 2009 Philippine Engineering Journal
Phil. Eng’g. J. 2009; 30: 39-52



PERFORMANCE EVALUATION OF MODULAR SOLAR DESALINATION

Temperature ranges per run for lquld and vapor, and percent recovered du mg entlre process.

Table 3d.

49

Parameters SR ) Umts ~ - s
Temperature Readmg (Water) Degrees Celsnus ( C) 34.1 — 66.9
Temperature Reading (Vapor) Degrees Celsius (°C) 34.6 —66.2
Treated Water Recovered per Day Percent (%) 3.83 - 54.50
80 Water temp.
Vapor temp.
Min. temp.
70 9 o Max. temp.
e ]
o % -
é: 50 o aoB823 2 - °
-4 ° e® ° o
g ° -
=~ 40 4
200’0y °
30
20 T T T v y T u T T T
o 3 L 9 12 15 18 21 24 27 30
Trial Number

Figure 3d. Temperature profile of water, vapor and their expected
minimum and maximum temperature.
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Figure 3e. Percent recovery profile of treated water using designed desalination set-up.
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Table 3e.

] ing 9 treated water.
Temperature profile for vapor and water with corresponding % recovery of

peratire, °C Treated Water, %
£l Vapor - ~ Recovery- S
66.20 54.50
63.10 51.67
48.90 15.33
43.80 14.50
52.10 14.83
36.20 3.83
35.00 l 5.33
35.00 6.00
3720 | 7.50
35.50 6.00
37.70 7.17
34.70 5.50
50.30 17.00
49.00 46.00
4900 41.83
16 50.60 51.60 43.00
17 50.80 52.60 46.67
18 49.80 51.90 3550
19 49.70 53.20 32.83
20 58-40\% 33.50
21 63.90 64.80 54.17
22 46.40 4830 16.83
23 4520 42.60 16.33
24 45-60\% 9.33
25 46.90 4660 1217
26 3180 | 5180 20.33
[ ——
27 49.80 4720 | 17.00
28 36.20 54.50 4517
29 45.80 46.00 14.33
30 34.50 3460 | T s

of
The maximum temperature attained per ryp, Was recorded anq the corresponding V°lumdzi|y
treated water generated. Th!s mforma.tlon is relevan i assessing the feasibility of supplying the 34
requirement per capita and in the desigy o the volume capacips o c the SDDC This is similar to
L/m* daily production of solar still studieq by (Al-Kharabg,

volume of distillated obtained using the SDp

. est
eh and Goswami, 2003). The h',i?ure
0 . . Set-up wag three literg Where liquid water tempe
reading was about 67 'C. During the time Where the tempe
weather and sky conditions were ¢

: t
‘ rature of the liquid was at maxlm“mve
Xtremely hot ang Clear, reSpectively. At that moment the % recgition
of treated water is about 54%. In contrary to 3 go, Water recovered where the sky con
during the experiment was cloudy.
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4. CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions

The result of this study proved that the fabricated solar desalination and disinfection chamber

(SDDC) is effective in desalinating and disinfecting saline water. The technical, environmental, and
economical feasibility of the SDDC system can be summarized as follows:

1. The angle of inclination of the top cover of SDDC set at 45° from the horizontal was suitable to
collect the condensate favorably.

2. An area of 0.81 m” of the pilot plant is sufficient to produce fresh water ranging from 230 —
3,270 mL per day.

3. SDDC is capable of removing contaminants and the following parameters all passed the
Philippine National Drinking Water Standards - chloride, and total and fecal coliforms.

4.2 Recommendations

—
.

Copyright © 2009 Philippine Engineering Journal

It is recommended for future researchers to investigate further the following undertakings:

1. Pilot testing of solar desalination and disinfection chamber in communities where potable water

is scarce.
2. Modification of the pilot scale set-up to increase distillate generation over a 24-hr operation.

3. Use of indigenous SDDC material appropriate to the locality and evaluate in terms of economic

aspects.
4. Collection of data during the wet season to have a more representative evaluation in terms of

efficiency of pollutant removal.
5. Gathering of global radiation data to assess the highest solar intensity during test period.

6. Design of continuous flow set-up should be studied to know efficiency in comparison with a

batch process.
7. More dilutions of raw water samples for bacteriological examination to identify the exact value

of disease-causing microorganisms.
8. Identify the exact contact time exposure of treated water during sampling for microbiological

examination to know the capability of disinfection.
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