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. ABSTRACT
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El Nadi M. H. The study was made to determine the mathematical model for the
Professor of Sanitary & desalination reactor that depends on algae biological action. The
Environmental Eng., equation proved to obtain removal efficiency of total dissolved solids
Faculty of Eng., ASU, .
sctiyatend from saline water by the means of the green algae Scenedesmus
Cairo, Egypt. ] ]
species through a continuous flow treatment system. Algae were added

to two consecutive reactors in which a 7 days retention time was applied in each. The
experiment in the continuous flow was repeated for 4 runs and the average values were taken
into consideration. Physico-chemical analysis of growth media was daily determined. Total
dissolved solids removal efficiencies measured in the output of both first and second reactors
reached around 88% for each and 97% for the overall plant. The results were used to produce
the simulated equation for the action taking into consideration the effective parameters. The
equation verification was done with error range than field results + 10%. This shows the
success of the equation to simulate the system which is a new promising technique to produce

suitable potable water from sea water.

KEYWORDS: Water Desalination, Biological Desalination, Water Desalination by Algae,

Simulation Modeling.
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INTRODUCTION

Green algae was used for treatment of industrial wastewater from natural gas production
fields contains salinity up to 25000 ppm and oil content up to 100 ppm. The effluent could be
reused in irrigation of crops with a flow enough for about 60 fed./day. While the produced
algae 1.5 ton/day that could be used in medical industry, pigments for industry, functional
food, bio-fertilizers, and animal or fish fodders.™ In a pilot erected for industrial wastewater
in N/D field in Abu-Mady north of Egypt using algae ponds the achieved removal
efficiencies for TDS and high oil content was 90-95 % that proved the suitability of algae

application for saline industrial wastewater treatment.!!

Desalination based on the use of algae in the removal of salts from saline water, and water
production for use in different purposes is a new concept and it was successfully used in
industrial wastewater treatment. The achieved results were promising and good in the
desalination of sea water and is successful, continuing to reach the removal efficiency up to
95% till the rates are relatively affordable for possible use in different purposes, opening the
door to a new direction may succeed in solving the problem of water desalination with cost

reduction to the minimum possible.?!

Algae as a group exhibit an extremely wide range of tolerance to salts in their surroundings.
As for the adaptation to salinity, Algae may be roughly divided into halo-tolerant and halo-
philic, the later requiring salt for optimum growth and the former having response

mechanisms that permit their existence in saline medium.”

Micro-algae have a high capacity for inorganic nutrient uptake and can be used in mass
culture in outdoor solar bioreactors. Unicellular green algae such as Chlorella and
Scendesmus have been widely used in wastewater treatment because they often colonize the
ponds naturally, and they have fast growth rates and high nutrient uptake capabilities.
However, one of the major drawbacks of using micro-algae in wastewater treatment is the

harvesting of biomass.™

Different Models of Algae Ponds

Many models have been proposed for predicting the effluent quality of stabilization ponds.
Completely mixed reactor with first-order reaction approach has been frequently used for
design and modeling purposes. Most of the empirical models were developed for predicting

the effluent quality of stabilization ponds based on BOD removal and coliform die-off.
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Model No. (1)

D. Dochain et al.!®! developed a dynamical modeling of a waste stabilization pond and it is
aimed at understanding the relations between descriptive aspects, and also to predict
whenever there is a risk of odor and also to calibrate of the model parameters. The data were
collected as follows: light intensity (measured at 3 m above the pond surface), air
temperature, and dissolved oxygen and temperature at two different depths (~10 cm and —

30 cm) and the system was basically homogeneous all over the year.

Three microbial populations are considered: X; (microalgae), X, (aerobic bacteria), Xs
(sulphate-reducing bacteria). The influent substrate is shared into soluble (S1) and insoluble
material (S2). The lagoon is vertically stratified in two homogenous compartments, in the
upper compartment (approximately 80 cm depth) the aerobic bacteria utilize the substrate S1
with dissolved oxygen, O,; in the lower compartment (i.e. the sediments, approximately
20 cm depth) the sulfate-reducing bacteria utilize the substrate S1 (Si=substrate in layer i
[1=1,2]). Dead biomass in both compartments enriches substrate S2. The hydrogen sulfide
(H2S) produced by the sulfate-reducing bacteria was oxidized by the dissolved oxygen in the
upper compartment. H,S is also considered as an inhibitor of the sulfate-reducing bacteria

and of the microalgae.!®

The microalgae growth is a function of light with a "delay" effect (algae may still produce
oxygen for some time after sunset). The dynamical mass balance equations.!”? illustrate that
the specific growth rate of microalgae is inhibited by the hydrogen sulfide presence and is
directly driven by the insulation term taking into account the light dependence and the

photoinhibition of microalgae.

—aFE —bE
¢ =|1—exp P (1)
H1 max H1,mn

E
gd|1l— exp(—&d)] 2)

E =

where 11 max, Ki, Kiz are the maximum specific growth rate of the microalgae growth, the
saturation constant for S; and the inhibition coefficient for H,S, respectively. E is the mean
value of the light intensity, a and b the Platt's coefficients, E the light intensity at the lagoon
surface, d the depth (corresponding to the presence and activity of the algae, and found to be

equal here to 0.2 m) and «is the extinction coefficient.
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The microalgae death is known to depend on the dissolved concentration O, as follows:
1 O; 3
] = TN max I —
1=, Ko+ 0 @)

Where m; max and Ko the maximum death coefficient of the microalgae and the inhibition

constant for the oxygen, respectively.

It has to be noted that the dissolved oxygen concentration actually increases with microalgae
activity, which in turn depends of the light intensity and temperature. However, as expressed
by equation (3), high light intensity inhibits the microalgae. Experimentally it was observed
that the dissolved oxygen concentration was maximal in spring, autumn and somewhat lower

during the hottest summer days.

Model No. (2)

Young chul Kim, Jaehong Park, Dimosthenis L. Giokas, and Triantafyllos A. Albanis® study
Performance Evaluation and Mathematical Modeling of Nitrogen Reduction in Waste
Stabilization Ponds. The aim of this study is to study the different combinations for nitrogen
removal in configurations of shallow algal ponds (SAPs), SAPs followed by WSPs, water
hyacinth ponds (WHPs) followed by WSPs, and WSPs treating secondary effluent from
municipal wastewater treatment plant (WWTP) were investigated. Accordingly, a re-
evaluation of the model of Reed, in these systems was performed to study its application
potential under various WSPs operating in series. Interestingly, based on the results obtained,
a modification of the original model is proposed as means for the improvement of the
prediction of nitrogen uptake from WSPs operating in series.

The first system consisted of shallow algal ponds (SAPs—L3m_W2m) (Case I) followed by
facultative waste stabilization ponds (WSPs—L5m_W2m) (Case II). The water depth of pilot
scale SAPs is maintained to be 0.3 m, so that the sunlight completely penetrates into the
column of water, which results in very high concentration of algae and dissolved oxygen as
well.®® The depth of WSPs is about 1.0 m, thus aerobic state near the surface where
photosynthetic activity occurs and anaerobic in the bottom part of WSPs where sunlight is not
available. The second employed primary treatment by water hyacinth ponds (WHPs—
L3m_W2m_D 0.5 m) was connected in series with a facultative WSP (Case Il1). The last
(Case V) was a facultative WSPs (L 3m_W1m_D 1.0 m) treating secondary effluent from a

conventional municipal wastewater treatment plant.
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Based on extensive field experimental data, Reed developed the following semi-empirical
nitrogen reduction model of WSPs in 1985.1%

N/NO =e{-k T(t+60.6(pH-6.6))} 4)

Equation (6) was derived from the ponds treating raw municipal wastewater. The original
nitrogen model developed from the facultative WSPs operations was applied to the data
obtained from the operation of shallow algal ponds (SAPs). The SAPs are similar to high-rate
algal ponds in terms of shallow depth but with the exception that mechanical mixing is not
provided. The application of the model to 22 individual data sets indicates that the predicted
values correspond well with the measured values. The error range between calculated and

measured values is 0.7-20.5% and the mean percentage error is about 5.8%.

The Reed model was tested to examine its utility when the pH difference between influent
and effluent to and from the WSPs is very small, since two different types of algal ponds are

operated in series.

The result of a total of 22 individual data points applied to the Reed model shows that it does

not properly simulate the nitrogen concentrations of the effluent.[*!

It represents the treatment study of domestic wastewater by the WSPs following pretreatment
of the raw sewage by water hyacinth ponds.”®! The Reed’s model predicts the nitrogen

concentrations very well within a wide range of concentration during the operational period.

Comparing the results of Cases Il and Il it is shown that successive treatment by aerobic
ponds results in the deterioration of the performance of Reed’s model,® while an initial
anaerobic stage of treatment (water hyacinth ponds) does not interfere with its simulation
efficiency. This behavior can be attributed to the type and quality of wastewater. Initial
treatment by anaerobic pond normally decreases difficult oxidized species more efficiently
than readily oxidized,™**® This means that influent to the WSPs from WHPs contains a
significant fraction of readily bioavailable substrate, which is efficiently utilized by aerobic

bacteria.

In the final case examined in this study, secondary effluent from a conventional activated
sludge plant treating domestic sewage were subjected to a further treatment stage by

employing a facultative waste stabilization pond. The pH variation in this configuration was
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lying somewhere in the middle of all of the above cases (lower than Cases | and Ill and
higher than Case 11).¥! The results reveal that the Reed’s model provided a reasonable

description of nitrogen concentration profiles.

Model No. (3)

H. Jupsin,*4 evaluated a dynamic mathematical model of high rate algal ponds (HRAP)
compatible with the Activated Sludge Model 1 (ASM1) and River Water Quality Model 1
(RWQML1) for rivers. The biochemical processes are based on elemental mass balances. The
hydrodynamics of the system are modeled by a series of completely mixed reactors with
recirculation. The biochemical processes parameters are taken from the RWQMZ1 model and
the hydrodynamic parameters will depend on the geometry of the reactor & the mixing

equipment (paddle wheel, air-lift, etc.).

As this model seeking to develop description of the sediment activity, So far this activity is
taken into account by an equation that is dependent on the substrate concentration and
temperature:

S
KS +S

R =[Ro + Rimax ] 67 (5)

Where R: sediment respiration rate (g O, m 2 day %), Ro: endogenous respiration rate (g O, m-
2 day ™), Rmax: maximum respiration rate related to substrate (g O, m2 day™), S: substrate
concentration (mg COD I™") & Ks: Michaelis constant (mg COD I).

As the main biochemical processes such as photosynthesis are highly dependent on weather
conditions, that HRAP performance variables should be related to local conditions. For this
reason the light intensity is calculated by a subroutine developed in the TRNSYS package.!**

It must be said that the calculation process does not take into account the meteorological
conditions, the weather is assumed to be fine and the sky cloudless. Finally, allowing for the
self-shading of the algae and biomass:

7 = 0.32 + 0.03*(Suspended solids) (6)

depth

0
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Where:
Depth: total depth of the pond (m), lsus: light intensity at the pond’s surface (W/m?), le: total
light intensity in a vertical slice of the pond (W/m?), z: distance from the surface (m) & dz:

calculation step (m)

Model No. (4)
Fergalla, et al,[18 produced the following modeling equations for the algae desalination ponds

using the trend lines for the field results and the algae growth equation as follows:

Case 1 For TDS R.E. % for TDS above 20000 ppm:
TDS R.E. = -2816.5 (KTO (Current Temperature — 20 C°)) 3+916 68 (KTO (Current Temperature — 20 C°)) 2 +
219.8 (KTO (Current Temperature — 20 C°))+ 8.4806 ........... (8)

Case 2 For TDS R.E. % for TDS between 20000 & 1000 ppm
TDS R.E. = -201.33 (KTH (Current Temperature — 20 C")) 3 -293.2 (KTH (Current Temperature — 20 C°)) 2 +
302.37 (KTg (Current Temperature =20C% 4. 3 649 ........ 9)

Case 3 For TDS R.E. % for TDS below 1000 ppm
TDS R.E. = 260.3 (KTH (Current Temperature — 20 C°)) 3 -245.1 (KTH (Current Temperature — 20 CU)) 2 +
147.35 (KT@ (Current Temperature =20 C 4. 3406 ............ (10)

Where:
K is a variable affected by TDS concentration and simulate the sunlight period and
temperature, T is the period inside the basin and © is constant = 1.066 under 20°C

K can be calculated from the following equation

SLT =-139828 K® + 6772.4 K —69.325 .......... (11)

Where:

SLT is the sunlight time factor = SL * TF.......... (12)

& SL is the Sunlight exposing time in hours and TF is the ratio between current temperature

and optimal temperature for Algae growth (27.5 Celsius).

This equation was very complicated and need a lot of measurements and high control and
accuracy and has a lot of parameters that reflected on its applicability. This was the main

reason for this study to simplify the equation.
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MATERIALS AND METHODS

A pilot plant was designed as a continuous flow system to study the TDS uptake by the green
algae. The optimum retention time and composed growth medium which gave the highest
efficiency in minerals removal through the batch experiment were applied in this pilot plant.
The experiment in the continuous flow lab scale pilot was repeated for 4 runs and the average

values were taken into consideration. The continous flow lab scale system is shown in figure

(1).

14

Sea Water
Sand Filter
B s @
Constant Head Tank
Green Algae A S — ) n €)

Panke SRR SR L | SRS RASS
Centrifuge @ @

Treated Water to Centrifuge

e = T s N e

Figure (1) Schematic Diagram for Continuous Flow Scale Apparatus

The green algae Scenedesmus sp. was used in the current investigation. Cultures were early
grown under conditions of BG-11 growth medium.'”? As growth reached the maximum,
cultures were harvested and washed three times to remove all surface-accompanied nutrients
then cells were centrifuged at 5000rpm, and the algal bulk was used for treatment. The
optimum retention time was taken 7 days as determined by El Nadi et al.,®! from a batch

scale experiment.

Algae was added to the tanks directly to treat the seawater which was passed through a sand
filter then to a constant head tank where it was mixed with BG Il solution; continuous
aeration was achieved using air diffusers in each tank; while continuous illumination with
white fluorescent tubes (300pE/m2/sec) was provided for 24 hours, maintaining the

temperature at 25 °C (room temperature).
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Samples were withdrawn from tanks everyday through 7 days, water analysis on the effluent
was run where measurements were TDS, NOg, POy, Cl,, Na, and SO4, The operation schedule

was as shown in table 1.

RESULTS
Several experiments had been performed to obtain the effect of algae application for the

optimum retention time on different water quality parameters.

After providing a contact between the algae and the flow for 7 days in the first reactor, the
effluent had a TDS value of 7500 ppm which was much higher than the target. The flow was
introduced to another reactor as a secondary treatment or second treatment stage identical to
the first one with the same design criteria to increase the removal efficiency to be nearer to
the target. The experiment in the continuous flow was repeated for 4 parallel runs for each
stage and the average values were taken into consideration for the first type of reactors and

for the second type as well.

The application of the proposed system with the optimum design parameters was done on two
successive reactors of continuous flow, each reactor of retention time 7 days to avoid algae
decay and enzymes execration, with centrifugation before application on the second reactor

then adding new fresh algae.

The measurements of different parameters through the continuous flow experiments are
illustrated in table (1).

Table 1: Average Results for the Lab Scale Continues Flow Reactors.

Date TDS SO, CL, NO; PO, Na

1 40000 | 198.75 | 26007.5 | 109.75 59.75 | 25037.5
S 2 34257.5 173 222975 | 99.75 50.5 21982.5
o 3 30625 | 158.75 | 19925 81.25 41 19475
& 4 22825 132 15575 65.25 32,5 15452.5
3 5 15195 | 120.25 | 10975 47 255 10500
T 6 9675 79.75 7225 34.75 18.25 6700

7 7500 44.75 5525 225 10.25 5470
_ 1 7500 44.75 5525 225 10.25 5470
2 2 6500 38.25 4725 19.5 8.25 4325
S 3 5625 31 3375 175 6.4 3275
% 4 3325 23 2125 15.5 5 2115
= 5 2125 19.25 1350 12.75 35 12775
3 6 1325 17 1075 9.75 1.825 930

7 1125 15.5 7125 6.75 1.55 652.5
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Model Design
The design of the model was performed after studying the previous models that mainly

available for algae growth rate with temperature and sunlight intensity.

Based on the study of the previous models and the parameter measured it was found that the
main effective parameters in the removal of the total dissolved solids (TDS) using algae is the
algae growth rate and the detention time of the algae in the process. Our study selected the
main effective parameters on the algae growth and desalination process with putting the
temperature constant using its optimal value for algae growth to insure the effect of the other
parameters and get the relation with TDS consumption that is the main study target. The
relation between the effective parameters that obtained was studied with the relation between
algae growth rate and both temperature and time from previous studies helps in producing the
design modeling equation. The main target to achieve an equation simulate the real data with
correlation coefficient more than 0.95. Here after the study illustrates the modeling
production procedure and the steps made to obtain the design equation of the system
explaining all the factors affecting the TDS consumption by algae and the methodology of

their effect on the produced equation.

Using the experimental work data, relations between TDS removal ratio and both of algae
growth rate and time period could be determined. To obtain the modeling equation, the
relation between the average algae growth rate and the average percent removals of the TDS
obtained from the four runs in the continuous flow stages versus the algae growth rate and
time were studied and plotted. The data is presented in table (2), taking into consideration
that the flow from reactor B was obtained from reactor A. The equations connected the
average TDS percent removal versus the algae growth rate are obtained by plotting curves
and add trend lines between the various parameters. The curves and equations are presented
in the figures (2) and (3).

Table 2: Average Growth rate and TDS Removal Ratio.

Time | Growth rate | Removal | Removal | Removal | Removal | Removal
(days) (day™) R1% R,% R3% R.% | Average%
1 0.00 0.0 0.0 0.0 0.0 0.0
< 2 0.05 15.0 15.0 15.3 15.5 15.2
§ 3 0.10 24.5 23.5 22.5 23.3 23.4
§ 4 0.17 43.3 42.8 42.5 43.3 42.9
o 5 0.20 62.3 62.0 61.3 62.5 62.0
6 0.25 76.8 75.3 75.0 76.3 75.8

Www.wjert.org 308




Nadi et al.

World Journal of Engineering Research and Technology

7 0.30 81.8 80.5 81.3 81.5 81.3
1 0.00 0.0 0.0 0.0 0.0 0.0
= 2 0.05 9.6 154 13.3 14.9 13.3
. 3 0.10 19.2 25.6 26.7 28.4 25.0
g 4 0.17 54.8 57.7 53.3 56.8 55.6
5 5 0.20 74.0 75.6 4.7 15.7 75.0
~ 6 0.25 84.9 85.9 85.3 86.5 85.7
7 0.30 87.7 88.5 88.0 89.2 88.3
100
00 v=-3243x3+1441.8x%+129.18x +1.631
z 80 n——u.yayyﬂ
; 70
: o "
% 40 *
Z 30
& a0 v
10
0 T T T T T 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Growth Rate (day1)

Figure 2: Relation between TDS Removal Ratio versus the Algae Growth Rate (Reactor

A).
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Figure 3: Relation between TDS Removal Ratio versus the Algae Growth Rate (Reactor

B).

From figures (2) and (3) it can be shown that the equation between the average percent

removal ratio of TDS and the algae growth rate (GR) for first reactor is
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TDS R.R(%) = -3243(GR)® + 1441.8(GR)? + 129.18(GR) + 1.631 (13)
With R2 = 0.9894

The equation for the second reactor is
TDS R.R(%) = -7367.7(GR®)+3071.6(GR?) + 32.572 (GR) +1.2339 (14)
With R2 =0.995

Temperature effects on the algal growth rate were related directly to maximum oxygen
production rate. Algal growth rate, expressed as photosynthetic demand of carbon, was

adjusted for temperature using the equation.!*®

Algae Growth Rate = ¢ (TemPeratre(©) -200) (15)

Typical 8 values were reported to range between 1.01 and 1.2.°% also, it was reported as
1.066.*™ This equation was studied and the condition of the data from the experimental work
was considered to establish the final equation representing the algae growth rate connected

with time and temperature effect as follows:

GR =KT @ (Temperature(C) — 20(C)

where: GR: growth rate (day™), T: the duration time (days), K: variable related the time and
exposing to sunlight during the day & 6: constant =1.066

The value of temperature was fixed to be 30°C during the period of the experiment and the
values of K were obtained to be as presented in table (3)

Model Analysis

The equation was examined by calculated the TDS removal ratio and compare the values
obtained from the experimental work. The values of the removal ratio were calculated using
average temperature to be 30°C during the period of the experiment. Table (3) shows the TDS
removal ratio that calculated by substituting in the equation with the algae growth rate during
the same period of the experiment for reactor A, reactor B and the system of the serial two

reactors together.
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Table 3: Calculated TDS Removal ratio.

Reactor Time Algae TDS % R_emoval Accumulative% Removal
(days) Growth rate (equation) (equation)
1 0.00 1.40 1.4
< 2 0.05 10.42 10.4
= 3 0.10 26.75 26.8
s 4 0.17 53.01 53.0
g 5 0.20 65.40 65.4
6 0.25 79.77 79.8
7 0.30 85.53 85.5
1 0.00 1.40 81.5
m 2 0.05 10.42 83.2
= 3 0.10 26.75 86.3
*g 4 0.17 53.01 91.2
g 5 0.20 65.40 93.5
6 0.25 79.77 96.2
7 0.30 85.53 97.3

Study the overall removal ratio for the whole system shows that the accumulation of the both
reactors achieved in total a higher removal ratio (as a number) than what obtained from each
one alone, this was due to the calculated removal ratio for the second reactor were
proportioned to the influent of the first reactor that illustrated such higher results.

Model Verification

The results obtained from the equation were validated by calculating the error between the
experimental work data and the calculated data from the equation to examine the accuracy of
the equation and the deviation in its results than the actual measured results from the field as
shown in tables (4) & (5).

Table 4: The Measured and Calculated TDS R.R (%) for each Reactor.

Reactor | Time (days) Removal Ratio (%) | Removal Ratio (%) | Error
(measured) (calculated) (%)
1 0.0 1.40 14
< 2 15.2 10.42 -4.8
. 3 24.8 26.75 2.0
2 4 42.9 53.01 10.1
g 5 62.0 65.40 3.4
6 75.8 79.77 4.0
7 81.3 85.53 4.3
m 1 0.00 1.40 14
S 2 13.33 10.42 -2.9
S 3 25.00 26.75 1.8
@ 4 55.67 53.01 -2.7
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5 75.00 65.40 -9.6
6 85.67 79.77 -5.9
7 88.33 85.53 -2.8

Table 5: The Measured and Calculated TDS R.R (%) of the System.

Time | Removal Ratio (%) | Removal Ratio (%) | Error
(days) (measured) (calculated) (%)
1 0.0 1.4 1.4
2 15.2 10.4 -4.8
3 24.8 26.8 2.0
4 42.9 53.0 10.1
5 62.0 65.4 3.4
6 75.8 79.8 4.0
7 81.3 85.5 4.3
8 81.3 81.5 0.3
9 83.8 83.2 -0.5
10 85.9 86.3 0.3
11 91.7 91.2 -0.5
12 95.3 93.5 -1.8
13 97.3 96.2 -1.1
14 97.8 97.3 -0.5

Tables (4) and (5) show the variation between the measured & Calculated TDS removal ratio
presenting the error between them which with in the range + 10 % that in the scientific
research could be acceptable. Also in the engineering design this error can be covered by the
design safety factors that should be taken to cover the unapplied parameters in the equation

produced and the variations of the nature parameters as temperature and sunlight intensity.

The values of deviation ranged from - 9.6% to +10.1% which proved the equation suitability
to simulate the system in the two reactors and shows the possibility to apply this equation for
the system design for the low difference appeared from the results.

To demonstrate the relation between the TDS removal ratio obtained from the experimental
work and the percent TDS removal values calculated from the equation, figures (4), (5) and
(6) clearly showed the convergent between the values in reactor A, B and the whole system,

respectively.
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Figure 4: Comparison of Measure and Calculated TDS Removal Ratio in Reactor A.
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Figure 6: Comparison of Measure and Calculated TDS Removal Ratio for the Whole

System.
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The previous figures Illustrated that in all cases the equation results was inside the margins +
10 % of the experiments results for removal ratio of TDS which insure the suitability of the
application of the obtained equation to simulate the system and to be applicable as a design
tool for such system. Also the figures and tables show the conversion of the start and end
points for the system between equation and experiment results that are the most important

values needed for design.

CONCLUSION

The main target of this study is to discuss and evaluate the applicability of a proposed new
technique of algae ponds for desalination and determine its simulating equation for the
system design. The biological desalination technique as a new one was proposed for its low
capital and running cost compared with other desalination techniques. Green algae of
Scendesmus species was chosen in the suggested biological desalination for its high salinity

tolerance. Generally, results encourage the use of green algae for desalination.

The results of this study had shown the following specific conclusions:-

1. The study determines Simple design simulation equation for the system applied for each
reactor as follows:

% Removal TDS = - 5305.35 (K>3T30(t-20)%) + 2256.7 (K*T20“2%?) + 80.876 (K*T* 62)
+1.43245

Where GR: growth rate (day™), T: the duration time (days).

K: variable related the time and exposing to sunlight during the day
0: constant =1.066.

2. The determined design simulation equation achieved accuracy for TDS removal ratios of
range + 10 % than the actual measured results which in the scientific research could be
acceptable.

3. The values of deviation ranged from - 9.6% to +10.1% which proved the equation
suitability to simulate the system in the two reactors and shows the possibility to apply
this equation for the system design for the low difference appeared from the results.

4. The produced equation simulating the system under laboratory conditions (fixed

temperature 25°C and continuous 24 hours lighting).
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