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Optimum design of an RO membrane by using simulation techniques
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ABSTRACT

Increasing demand of fresh water, and limitation water resources, with respect to world economic
growth brings up the importance of utilization of saline water.

At the current research the sensitivity analysis of ROSA was conducted. For this analysis, a
single stage reverse osmosis is designed for well water specification in southern Tehran under
following condition: Feed flow: 40 m®/h and membrane Element: BW30-400 FR. The sensitiv-
ity analyses for all chemical element of base water were performed. As a result of sensitivity
analysis shortest sensitivity gap, belongs to boron, and longest sensitivity gap, belongs to
calcium.

Which reflects, under the same conditions, the least element to be eliminated ion is boron and
the most eliminated ion is calcium, in fact the order of omitting is from lowest to the high-
est interval in following order “Boron, Ammonia, Nitrate, Potassium, Sodium, Bicarbonate,
Fluoride,Chloride, Silica, Strontium, Barium, Sulfate, Magnesium, Calcium.” The optimum ele-
ment which could result proper membrane selection achieved.
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1. Introduction

Iran is located in arid and semi-arid part of continent,
and also its low-precipitation regime is followed by spe-
cial distribution of time and place. Drought and low-
water yield potential is a high possibility in country. In the
normal water yield, some parts in the country such as
South East and Central parts suffers most with lack of
water supply potential.

Today, water treatment techniques for supply of
drinking water and industrial use are highly important.
For industrial usage without having proper water treat-
ment most industrial parts and factories would have
probable financial damages. This could follow by prob-
lems which would arise due to using inadequate water
quality requirements.

*Corresponding author.

During the current years most techniques which
have been used for desalination of water usage is
reverse osmosis (RO) technique [1:16]. The model of
reverse osmosis system analysis (ROSA) is mostly
common used for simulating RO systems, which is
denoted in most references [17:37]. Also the results
of this model are highly close to the real data perfor-
mance [29]. For optimum design of water treatment
using reverse osmosis technique, sensitivity analysis
was conducted by ROSA model, and the results are
as follows:

2. Procedure

ROSA design software is a tool used to estimate
the stabilized performance of a new RO or NF system
under design conditions, but it can also be used to
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Table 1

Specification of feed water.

T(C) Ca Mg Na K NH, SO, Cl NO, SiO, Ba Turbidity PH HCO,
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (@mg/l) (mg/l) (mg/l) (N.T.U) (mg/1)

25 138.4 89.76 350 2 0.03 525 355 18.7 30 0.06 04 724 0

estimate the performance of an existing RO/NF sys-
tem under prevailing actual conditions. This projected
performance is based on the nominal performance
specification for the FILMTEC element(s) used in that
system.

In the current research the latest version of ROSA
6.1.5, has been used. The current model has been
advantages compared to relevant models such as
CAROL, TROI and IMSDesign:

¢ Most published references in literature [17:37].
e Optimization procedure [37:41].
e Precision and comparison to real data [29].

For sensitivity analysis of ROSA, the well water as
feed water following specification in table 1 located
at Southern Tehran was selected. The system is with
single stage RO, permeate flow of 20 m*/h, and four
parallel pressure vessel having four elements (BW30-
400 FR) in each one was design. Then sensitivity analy-
sis for each of the constitutes ions in feed water were
conducted.

For sensitivity analysis of feed ions, all constitutes of
feed water were assumed have constant concentrations.
Then the concentration of each ion were changed from
zero to amount of changes shown in permeate water. For
all process design non “Design warning” were consid-
ered for acceptance of confidence level.

In the current procedure accuracy of double
digit precision for each ion would be shown proper
concentration in permeate and feed water. If the ion
concentration would increase further we would have
reaction shown in the feed water. With the mention pro-
cedure we would have twenty points for each ion. We
could find interval gaps of sensitivity analysis which is
shown on Table 2.

Sensitivity analysis for each ion = A-B (1)
A =ion concentration at last (nth) simulation step (mg/L)
B =ion concentration at n—1 step (mg/I)

In this step you would see reaction in the permeate water
within range of 0.01 mg/I.

Table 2

Analysis gaps for the ions used in the simulation model.

Ca Mg SO, Ba Sr SiO, Cl F HCO, Na K NO, NH, Boron
171 1.65 1.47 143 1.42 0.86 0.59 0.51 0.06 0.18 0.08 0.04 0.05 0.01
34 3.28 295 2.85 2.83 171 117 1 0.14 0.34 0.14 0.09 0.08 0.02
3.39 3.27 294 2.84 2.81 171 118 1 0.18 0.34 0.15 0.14 0.08 0.02
3.38 3.26 294 2.83 2.78 171 117 1 0.25 0.35 0.15 0.13 0.08 0.02
338 325 295 282 278 171 117 1 0.29 0.34 014 014 0.08 0.02
3.37 3.25 295 2.82 2.78 171 117 1 0.34 0.34 0.15 0.14 0.08 0.02
3.36 3.23 295 2.81 2.76 171 1.16 1 0.38 0.34 0.15 0.13 0.08 0.01
3.36 3.22 295 2.8 2.75 1.71 117 1 0.42 0.34 0.14 0.14 0.08 0.02
334 322 295 2.8 2.78 171 117 1 0.45 0.34 0.15 0.14 0.07 0.02
3.35 32 296 2.78 2.69 1.71 116 1 0.48 0.34 0.15 0.13 0.08 0.02
3.33 3.2 296 277 271 1.71 117 1 0.51 0.34 0.14 0.14 0.08 0.02
3.33 3.19 296 277 2.71 171 1.16 1 0.54 0.35 0.15 0.13 0.08 0.01
3.32 3.18 296 277 2.7 1.71 116 1 0.57 0.33 0.14 0.14 0.08 0.02
3.31 3.17 297 2.39 2.68 171 117 1 0.59 0.34 0.15 0.14 0.08 0.02
3.31 3.16 297 311 2.68 171 1.16 1 0.61 0.34 0.15 0.13 0.08 0.02
3.3 2.57 296 2.75 2.66 171 1.16 1 0.63 0.33 0.14 0.14 0.08 0.02
3.3 2.5 297 2.73 2.66 171 1.16 1 0.65 0.34 0.15 0.14 0.08 0.02
299 248 298 273 2.64 1.71 1.16 1 0.66 0.34 0.15 0.13 0.08 0.01
3.58 2.44 297 2.72 2.64 171 115 1 0.69 0.78 0.14 0.14 0.08 0.02
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Fig. 1. Sensitivity analysis for all groups.
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Fig. 2. Sensitivity analysis for group 1.

3. Results This analysis means at similar conditions the calcium

With concern to procedure outlined at second part, ion would be most eliminated and least is Boron. In

. e . fact the order of omitting is from lowest to the highest
for each ion 19 sensitivity gaps were simulated, shown . . . " R
in Table 2 interval in fallowing order: “ Boron, Ammonia, Nitrate,

Potassium, Sodium, Bicarbonate, Fluoride, Chloride,

Silica, Strontium, Barium, Sulfate, Magnesium, Cal-

cium” which is shown in Table 2. Table 2 provide data

likely processed done by reverse osmosis system (ions

e The shortest gap in the sensitivity analysis is shown with higher order would be likely better omitted from
by Boron ion and longest gap belongs to Calcium ion. feed water).

4. Conclusion
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Fig. 4. Sensitivity analysis for group 3.
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e For all the ions first gap shows least sensitivity,Table 2
and Figs. 1 to 5.

e Provide analysis which shown percentage the ion
eliminated is different in RO system. Ions with similar
sensitivity could be categories in four groups, Figs. 2
through 5.

e Sensitivity analysis shows different sensitivity gap at
end of the process. In some ions the sensitivity gap is
shorter (e.g. Na). With longest gap (e.g. Ca), with no
sensitivity (e.g. F) and a few show with constant gap
(e.g. K). Shown IN table 2.

e With the current model sensitivity analysis for TDS
is impossible. Because ions constitutes similar TDS
are different. Process of desalination efficiency with
different ions is complex. In the other hand two sam-
ple waters with similar TDS; they do not have same
efficiency respect to elimination of ions. The research
to have an optimum design of desalination system
should emphasize on primary ions that constitutes
the water samples. Table 2 and fig. 1.

e Based on above results, analysis shows RO sys-
tem design with permeate water of 20 m?/h with
specification of 16 elements (BW30-400 FR) in 4 parallel
pressure vessels are adequate design.
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