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a b s t r a c t
Reverse osmosis (RO) is the most extensively used technology in seawater and brackish water 
desalination. This technology is used in many applications, one of which is the manufacture 
of automotive paint. In this work, 2  y of operating data of a brackish water reverse osmosis 
(BWRO) desalination plant were analyzed. The feedwater was taken from groundwater well. 
The desalination plant had sand and cartridge filters with antiscalant dosing as pre-treatment. 
The RO system comprised two stages, with 40 pressure vessels (PV) in the first stage and 20 in 
the second stage, and 6 BWRO elements per PV. Feedwater conductivity ranged between 680 
and 2,100  µS/cm, and feedwater pH between 6.05 and 7.55. Feed pressure increased from 11 to 
28 bar due to membrane fouling along the operating period. The RO system had a recovery rate of 
around 75%, with an approximate production of 7,200 m3/d. Plant performance over the two study 
years was evaluated through the calculation of the characteristic parameters of the membrane, 
including average ionic and water permeability coefficients.
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1. Introduction

In Spain, the high-quality process water that is needed 
in the manufacture of automotive paint and paints for 
industrial use is commonly obtained using reverse osmo-
sis (RO) technology, the most widespread technology in 
seawater and brackish water desalination [1–3].

In this article, an analysis is undertaken of 2 y of oper-
ating data of a brackish water reverse osmosis (BWRO) 
desalination plant (Fig. 1) used to produce high-quality 
water for the manufacture of automotive paint. The feed-
water was taken from a brackish well. The main objective 
of this process is water quality as opposed to desalination 

plant efficiency [4,5]. In the production of automotive paint, 
the permeate conductivity rate, which can be affected by 
temperature, should be lower than 50  uS/cm. As the feed-
water comes from the city pipeline network and permeates 
conductivity can increase in the summer due to the higher 
temperatures, special attention needs to be paid to the per-
meate conductivity rate in this kind of process [6,7].

Fig. 1 shows a schematic representation of the process 
followed to obtain the required high quality permeate water. 
There is a groundwater well with a feedwater tank and 
pump before the chemical pretreatment (with antiscalant 
only) and the physical pretreatment with sand filters and 
cartridge filters. After the pretreatment equipment comes to 
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the high-pressure pump followed by the actual RO system, 
which is divided into two stages. The brine from the first 
stage goes directly to the second and is finally removed from 
the system through a concentrate valve. The permeate water 
goes to a permeate tank. With respect to instrumentation, 
there are manometers to measure feed and brine pressure 
and flow meters for the feed and permeate. The process is 
that of a standard BWRO desalination system [8–10].

2. Material and methods

The desalination plant had sand and cartridge filters 
with antiscalant dosing as pre-treatment. The RO sys-
tem consisted of two stages, with 40 pressure vessels (PV) 
in the first stage and 20 in the second-stage and 6 BWRO 
elements per PV.

A significant amount of operating data was collected 
over 17,000 operating hours in order to evaluate the per-
formance of this BWRO desalination plant, working under 
the specific conditions described above [11–13].

3. Results and discussion

Feedwater conductivity ranged between 680 and 2,100 
µS/cm (Figs. 2 and 3) and feedwater pH between 6.05 and 
7.55 (data not shown). Feed pressure increased from 11 to 
28 bar due to membrane fouling over the operating period. 
According to the technical specifications of the membrane, 
the maximum feed pressure for this type of element is 
42  bar. However, given the continuous operation of the 
plant, it is considered that this feed pressure increment from 
11 to 28 bar is the maximum that is acceptable. The RO sys-
tem had a recovery rate of around 75%, with a production 
of 7,200 m3/d. Most of these results are shown in Figs. 4–12.

Fig. 2 shows the feedwater conductivity of train 1, which 
was not very stable and ranges between 680 and 2,000  µS/
cm. Due to this, the average feed conductivity was around 

Fig. 1. Brackish water reverse osmosis desalination plant.
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Fig. 2. Feed conductivity train 1.
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Fig. 3. Feed conductivity train 2.
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1,500  µS/cm. This instability can result in different feed 
pressure values and the varying energy consumption of 
the system.

The feedwater conductivity of train 2 (Fig. 3) was very 
similar to that of train 1, but with an even higher maximum 
conductivity value of 2,100 µS/cm. The average feed conduc-
tivity was approximately the same, around 1,500 µS/cm.

Fig. 4 shows how the feed pressure of train 1 decreased 
after 7,500 operating hours, which was due to the decrease 
in feedwater conductivity. The energy consumption of the 
system also decreased. After 10,000 operating hours, the 
feed pressure increased again with the rise in feed conduc-
tivity. This increase is also due to the effect of aging of the 
RO elements.

The feed pressure pattern of train 2 (Fig. 5) was quite 
similar to that of train 1, due to the same decreases and 
increases in feedwater conductivity. That is the feed pressure 
and the energy consumption of the system change depend-
ing on the feedwater conductivity values and the aging of 
the RO membranes.

Figs. 6 and 7 show the flux recovery rates of trains 
1 and 2. As both are very similar due to the virtually same 

feedwater conductivity and feed pressure rates, the flux 
recovery rates for trains 1 and 2 are considered together.

Fig. 8 shows how the permeate flow of stage 1 in train 1 
remained very stable over time. The feedwater, which comes 
from the city pipeline network, produces fouling on the 
surface of the membranes of the first stage. Consequently, 
after 12,500 operating hours, a basic chemical clean-in-
place (CIP) was performed with NaOH and pH 11–12 in 
order to improve the permeate flow rate.

Fig. 9 shows how the permeate flow of stage 2 in train 
1 increased a little after 7,500 operating hours due to the 
decrease in feedwater conductivity in train 1 (Fig. 2). 
Between the operating hours 7,500–10,000 the feed conduc-
tivity of train 1 ranged between 700 and 1,400 us/cm which 
was much lower than at the start. Due to this, the brine 
conductivity of the first stage in train 1, which is the feed 
to the second-stage, decreased and permeate flow of the 
second-stage consequently increased. This effect was more 
pronounced in the second bank, as the feed of this stage is 
the brine from the first bank. Therefore, a decrease in this 
feed conductivity is quite significant in the desalination 
system due to the high salinity values.

Fig. 4. Feed pressure train 1.

Fig. 5. Feed pressure train 2.

Fig. 6. Flux recovery train 1.

Fig. 7. Flux recovery train 2.
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Figs. 10 and 11 show the permeate flow of the first and 
second-stages in train 2. Both were very stable, even with 
the aging of the RO elements. Moreover, after 7,500 oper-
ating hours when feedwater conductivity decreased, the 
permeate flow of both banks increased. This effect is more 
significant in stage 2 because salinity is higher than in the 
first stage. Consequently, permeate flow increased between 
7,500–10,000 operating hours.

Fig. 12 shows how the permeate conductivity of train 1 
remained very stable over time, as is also the case in train 
2. In train 1, after 12,000 operating hours, permeate conduc-
tivity started to climb due to the aging of the elements and 
the increase in feedwater salinity. The increase in feedwa-
ter conductivity also caused an increase in permeate water 
conductivity, though not excessive. Aging of the elements 
and fouling are the most important factors. Fouling pro-
duced a considerable increase in permeate conductivity over 
time and was most notable after 12,000 operating hours.

As can be seen in Fig. 13, the permeate conductivity in 
train 2 was even more stable, with just a slight decrease in 
permeate conductivity between 7,500–10,000 operating hours 
due to the decrease in feedwater conductivity. A similar 
effect in train 1 can also be seen in Fig. 12.

Figs. 14 and 15 show the pressure drops of the first and 
second-stages of train 1. Both were very stable. In the first 
bank, the pressure drop started a bit high and later stabi-
lized at around 1.5  bar. The pressure drop of stage 1 was 

Fig. 8. Permeate flow of stage 1 in train 1. Fig. 10. Permeate flow of stage 1 in train 2.

Fig. 11. Permeate flow of stage 2 in train 2.

Fig. 12. Permeate conductivity train 1.

Fig. 9. Permeate flow of stage 2 in train 1.
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high in the early stage due to the special design and because 
stabilization with this type of element takes time. Initially, 
the pore of the membrane is slightly closed and starts to 
open up with the operation of the plant, so at the early stage 

the pressure drop was a bit high and after 2,500 h gradually 
began to stabilize.

In the case of the second bank, the average value of 
1.2  bar was lower than in the first. In reality, the pressure 
drop remained very stable in both stages of train 1 over the 
16,000 operating hours.

Fig. 16 shows the pressure drop of train 2, which was 
also very stable. As in train 1, it started a bit high but later 
stabilized at around 1.5  bar. The pressure drop of train 2 
remained virtually constant over the 2 y of operation.

Fig. 17 shows how the feedwater silt density index 
(SDI) values of train 1 remained below 4 throughout the 
17,000  h and below 3 during 83% of the period. The SDI 
remained quite stable over the 2  y study period, increas-
ing a little in the second year of operation. The feedwater 
SDI values for train 2 are shown in Fig. 18, with a few val-
ues close to or above 4 but 99% below this value and 83% 
below 3. It is therefore concluded that the feedwater SDI 
is acceptable in both trains.

4. Conclusions

Reverse osmosis technology is required to obtain 
the high-quality process water that is needed for the 

Fig. 13. Permeate conductivity train 2.

Fig. 14. Pressure drop of stage 1 in train 1.

Fig. 15. Pressure drop of stage 2 in train 1. Fig. 17. Feed silt density index train 1.

Fig. 16. Pressure drop train 2.
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manufacture of automotive paint, with electrical conductiv-
ity values below 50 µS/cm.

The BWRO desalination plant considered in this study 
requires a conventional pre-treatment with sand filters, 
cartridge filters and antiscalant dosing to avoid fouling 
and scaling.

A significant amount of operating data was collected 
over 17,000 operating hours in order to evaluate the 
performance of the plant.

The average feed conductivity was found to be around 
1,500 µS/cm. The feed pressure and the energy consumption 
of the system changed depending on the feed conductivity 
values and the aging of the RO membranes.

The feedwater, which comes from the city pipeline net-
work, produces fouling on the surface of the membranes 
of the first stage, and so basic chemical cleaning processes 
(pH 11–12) need to be periodically undertaken in order to 
improve the permeate flow rate.

The increase in the permeate water conductivity was due 
to fouling, aging of the elements and the increase in feed
water conductivity.
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