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Abstract A
Over the past decade, the operational lifetime of seawater reverse osmosis (SWRO) membranes has declined
significantly, coinciding with industry trends toward higher system recoveries and longer pressure vessels.
While higher recovery improves water production efficiency, it often results in excessive flux and recovery at
the lead membrane elements, leading to increased concentration polarization, accelerated biofouling, and
premature membrane degradation. This review examines the underlying hydraulic and osmotic imbalances in
conventional single-stage SWRO designs and identifies excessive element-level flux as the primary driver of
reduced membrane lifespan rather than high recovery itself.

The study introduces and evaluates flux-balanced system concepts enabled by interstage pressure boosting,
where net driving pressure is more evenly distributed along the membrane array. Several design scenarios—in-
cluding a theoretical element-by-element boosted system, three-stage, two-stage, and traditional single-stage
configurations—are analyzed and compared using membrane projection data. Results demonstrate that multi-
stage designs significantly reduce peak membrane flux, maintain element recovery within recommended lim-
its, and lower concentration polarization, thereby mitigating biofouling risks and extending membrane life.
Among the practical options, the two-stage system with interstage boosting, particularly when combined with
Biturbo energy recovery technology, offers the most favorable balance between capital cost, operational effi-
ciency, membrane longevity, and energy consumption. These findings highlight flux-balanced operation as a
critical design strategy for improving the sustainability and economics of modern SWRO plants.
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Keywords: Seawater Reverse Osmosis (Swro), Membrane Flux Balance, Interstage Pressure Boosting, Biofouling Control, Con-
centration Polarization, Membrane Lifetime, Multi-Stage Desalination, Net Driving Pressure, Energy Efficiency.

Introduction

Over the past decade, SWRO membrane lifetime has declined
significantly from 7-10 years to 3- 5 years. This trend has not
been thoroughly investigated, perhaps because of the high drop
in the membrane price has reduced the financial impact. These
issues started when SWRO system recovery increased from 30-
35% 10 years back to 40-45%. By deep analyses, it was found
that the way to increase recovery is by increasing the pressure
vessel length hence the number of elements, then increasing the
feeding pressure to ensure permeate from the last element. But
in reality, the first elements work in high flux and high recov-
ery and last element work in low flux low recovery. Seven (7)
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elements PVs have shortened the membrane lifetime as only 3
elements work with good flux good recovery.

Also, there is another phenomenon that increases the Biofouling
At the seawater SWRO plant the high flux increases concentra-
tion polarization (CP). There is a positive relationship between
high concentration polarization (CP) and Biofouling, and this
explains why both issues happened when we increased the re-
covery by adding elements and increasing feed pressure.

These observations do not imply that the industry must return
to lower recoveries. The core problem is not high recovery it-
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self, but the excessive flux imposed on the lead elements. The
solution is to design systems that achieve two objectives simul-
taneously: maintain a long series of membrane elements while
keeping each element’s flux and recovery within a relaxed, sta-
ble operating range—achieving true flux balance. This is only
possible by applying the appropriate driving pressure to each
element position. Front-end elements should operate at lower
pressure because they treat low-TDS feedwater, while back-end
elements require higher pressure to overcome the elevated os-
motic pressure of concentrated brine.

This paper presents multiple BWRO and SWRO design scenar-
ios based on this concept and compares their performance with
conventional designs, highlighting the improvements in ele-
ment-level flux distribution and concentration polarization.

General Concept

The main problem in high recovery systems is membrane flux
as you need to increase the pressure to get product from last
element but in reality, all this extra pressure provided to the 1st
element which increase the flux and recovery for this element
because this element work on feed water and don’t need all this
pressure. At the same time the rear elements work with high TDS
water (high osmotic pressure) but with lower pressure compared
with front elements.

Sea water desalination Membrane manufacturing design guide-
lines indeed recommended element recovery of around 8% and
an element flux lower than 24 LMH (liters per square meter per
hour), These guidelines are designed to optimize the perfor-
mance and longevity of the desalination membranes.

Regarding biofouling, which is a significant challenge in mem-
brane processes, research has shown a tight relationship between
element polarization and biofouling. Element polarization can
exacerbate biofouling by creating conditions that favor the
growth of biofilms on the membrane surface. This, in turn, can
lead to a phenomenon known as biofilm-enhanced concentration
polarization (BECP), which can degrade water quality and re-
duce membrane lifetime.

To mitigate biofouling, it is recommended to keep the element
polarization below 13%. This helps in maintaining the quality of
the permeates and the efficiency of the membrane process. By
controlling element polarization, it is possible to reduce the risk
of biofouling and extend the operational life of the desalination
membranes.

Driven Pressure

Driven pressure is crucial for managing both the membrane flux
and the recovery rate. The driven pressure is the difference be-
tween the applied pressure on the membrane and the osmotic
pressure of the saline water.

To achieve the desired membrane flux and recovery, the applied
pressure must be sufficient to overcome the osmotic pressure
and any additional resistances to water flow through the mem-
brane pores. This excess pressure ensures that water molecules
are pushed through the membrane, while most salts and contam-
inants are rejected.

Here’s a simplified expression of the net driving pressure.
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PND = Papplied ~ Posmotic
Where:
( P_{ND} ) is the net driving pressure, ( P_{applied} ) is the
applied pressure, ( P_{osmotic} ) is the osmotic pressure of the
feed water.

By carefully controlling ( P_{ND} ), you can optimize the per-
formance of the desalination process, ensuring efficient opera-
tion while minimizing issues like biofouling and concentration
polarization.

Case study Design

There Are Several Factors We Considered In The Case Study:
Capacity The skid’s capacity of 5,000 CMD is substantial and
should be designed to handle the daily volume efficiently.

Feed Water Salinity

A salinity of 43,000 PPM is on the higher end for seawater,
which typically ranges from 35,000 to 45,000 PPM. This high
salinity can increase the osmotic pressure, requiring more ener-
gy to achieve the desired permeate flow.

Feed Water Temperature

The temperature of 25°C is within the optimal range for desali-
nation processes. Generally, an increase in temperature can lead
to an increase in permeating flow rate, which can be beneficial
for the process efficiency.

Membrane Age

Over time, membranes can experience wear and degradation,
which can affect their performance. After 3 years, you may start
to see a decline in permeate quality and quantity, necessitating
more frequent cleaning or replacement.

In our analysis, we use typical projections and not necessarily
optimized, and we use specific membrane projection software
although many membrane brands and software may be used.

Case Study

We will compare different designs for a SWRO plant, which is a
comprehensive approach to evaluating the membrane operation
environmentally.

Theoretical Design

This design involves using a boost pressure between each el-
ement to maintain optimal drive pressure control. It’s a more
complex system that aims to optimize performance by adjusting
the pressure throughout the process but would be impractical to
implement.

Stage System

A 3-stage SWRO system is designed to be more economical
while still providing maximum control over the desalination
process. It typically involves multiple stages of pressure and
recovery, allowing for better energy efficiency and potentially
lower operational costs.

Stage System

The 2-stage system aims to maximize economic efficiency while
maintaining good control. It usually involves two stages of mem-
brane filtration, with the first stage operating at a lower pressure
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than the second. This design can offer a balance between cost efficient as multi-stage systems.
and performance, with a focus on reducing energy consumption. Theoretical Design

Figures 1, Show the membrane array with single element PV and
Traditional Single Stage System individual boost pressure, with this design we are able to control
The single-stage system is the simplest design, where all mem- the driven pressure for each element to achieve a balance flux
branes are housed in a single pressure vessel. This system is and recovery for each element as we will show in the membrane
generally less complex and may have lower capital costs, but it projection.
might definitely not be the best as membrane lifetime and energy

Figures 1: Theoretical Design

Figures 2 show membrane projection report for Theoretical element to recover the osmotic pressure increase based on the
Design, we used 3 bar to 5 bars boost pressure between each element feed water salinity increasing.

e
@ LG Chem i
Project name: 104 Paper Water type: Seawater, 42,000 ppm. Membrane age: 3
Customer: 104 Flux loss per years 7.00% Safety factor: 1
Usorname: Haytham Salt passage increase: 7.00%
Overall System
Total permeate flow: 210 m /he Water source: Sevater-Open Intake (SDI<5) Feed pressure: 47.67 bar (1P)
Rarw weater flow: 464,67 md/he Raw water TOS: 41,999.34 mg/L
Total concentrate flow: 256.67 m/hv Feed osmotic pressure: 0,25 bar
Overall recovery: 45 % Concentrate osmotic pressure: 54,57 bar
System - Pass1
Permeate flow: 210 md/he Average flux: 12.23 lh Temperature: 25 °C
RO feed flow: 466,67 m3/he Water source: Seawater-Open Intabe (SDI<5) verage NOP: 12.7 bar
Concentrate flow: 256.67 m3/hv Feed TOS: 41,995.94 ma/L Specific enenty: 1,89 kihim?
o5 Feed csmotic pressure: 10,25 bar Feed pressure: 47.67 bar
Number of elements: £20 Concentrate osmotic pressure: 5457 bar Permeate TDS: 265.84 ma/L
ERD type: lione Pump efficiency: B0 % Fouting factor: 0.8
Recirculation:
ROfecd  Pormeate  Con.  ROfeed  Conc.  Vesel  Boost  Back  Intersiage  Average
Fol v bl et oy flow flow  pressre  presore 0P prewwre  presure PR o PemTOS
I e i Bar Bar Bar Bor Bar Bar T e
Stage 1 0 1 268,67 3696 a5 aer 448 0.2 [ o 0 o7 16548
Stage 2 ] 1 2971 85 3486 045 5025 0.2 3 a 0 1421 1909
Stage 3 ] 1 9486 .2 62T 55 508 017 3 o 0 1.4 5.1
Stage d @0 1 82.74 ) mn wos  sw 05 3 o 0 e zmoa
Stage s ] 1 173 721 0652 B2 BA 013 4 0 0 1.1 M4
Stage 6 @ 1 30652 .00 w003 P T 012 5 a 0 W 35T
Stage 7 ] 1 28043 2396 256,47 .88 a5 0.1 5 a 9 5.7 8
TWithin Vessels - Pass1
Posi RO feed Permeate Flux Element Element  Net driving ” Feed TDS B o5
flow flow recovery [ pressure
m3/hr m3/hr ) % bar bar /L me/L
Stage 1
LG SW 440 R 1 7.78 0.62 15.07 7.92 0.2 13.40 109 41,5922 14548
Stage 2
LGSW40 R 1 7.16 0.58 1421 8.1 0.20 13.18 1.09 45,594.38 190.90
Stage 3
LG SW440 R 1 6.58 0.54 13.10 B.14 0a7 12.75 1.09 49,601.85 225.10
Stage 4
LG SW440 R 1 6.05 0.48 1.83 8.00 0.15 12.18 1.09 5357455 27001
Stage 5
LG SW 440 R 1 5.5 0.45 1.10 8.15 0.13 12.18 109 58,642.09 3134
Stage 6
LG SW 440 R 1 5.1 0.43 10.64 851 0.12 12.59 109 6382006 374
Stage 7
LG SW 40 R 1 467 0.40 9.77 854 0.0 12.70 109 6972437 42486 |

Figures 2: Theoretical Membrane Projection

With this design we maintain an average element recovery of 8%  brane surface, thereby reducing the risk of biofouling. This de-

and a maximum membrane flux of 15.07 LMH which definite-  sign is clearly expensive because of the number of pressure ves-

ly will provide ideal working environmental for the membranes sel, pumps, and control.

which leads to extended Membrane Life because operating at a

lower flux helps prevent physical stress and chemical degrada- 3-Stage System Design

tion of the membranes, potentially extending their operational  Figures 3, Show the membrane array with 3-Stages systems each

lifespan. stage includes 3 elements per pressure vessel (PV) and have
boost pressure between each stage, with this design we able to

Also, with this design the membrane polarization is 9% which  reduce the capital cost but still keep a full control of driven pres-

minimizes the accumulation of biological material on the mem-  sure elements show in the membrane projection.

P age No: 03 www.mKkscienceset.com Interdiscip Nexus Sci Soc Tech 2026



1% Stage

Brine Staging with Interstage Boost Configuration

o

HPP

Booster
Pump

9 Stage
3% Stage

=

Booster
Pump

Y

Figures 3: 3-

Figures 4 show membrane projection report for 3-Stages De-
sign, we used from 12 bar and 11 bar boost pressure between
each stage to recover the osmotic pressure increase for each

Stages systems

pressure vessel based on the set of 3 elements feed water salinity
increasing.

@LGChem i
Project name: IDA Papor Water type: Soawator, 42,000 ppm Membrane age:
Customer: IDA Flux loss per year: 7.00% ‘Safety factor: 1
Username: Haytham Salt passage increase: 7.00%
Ovarall System
Total permeate flow: 210 m3/hr ‘Water source: Seawater-Opon Intake (S01<5) Faed pressure: 50.16 bar (1P)
e ater flaws 464,67 3/ vt eter Y051 41,3993 g
Toral concantrate flow: 256.67 m3/hr Foed osmotic pressure: 30.25 bar
Gverall recovery: 43 % Concentrate ssmatic pressure: .62 bar
System - Pass1
Permeate flaw: 210 m3ihe Temperaturs: 15 °C
RS fowd flaws 464,67 m3 e e MO 17,9 bae
flaw: 256.67 m3/he Specific energy: 4.34 kWh/m?’
e Fead pressura: 50,
Number of elements: 420 Permeate TOS: 259,36 mg/L
ERD type: Hiono Fouling factor: 0.8
Recirculation:
# of vessels ¥ of elements (s "z" e Perm. TDS.
mithr bar Tmh =y
o 0 s s CR T e
Stage 2 40 3 349,08 o 12.39 28046
a3 » H s o um  ws
Within Vesaah - Pas
Position  FOfeed  Permeate . Flement  Element Netdriving piion FeedTOS Perm.TDS
flow flow recovery _ DP___presure
m3/hr m3/hr Imh % bar bar mg/L mg/L.
Stage 1
16 SW 440 R i 5.8 0.65 15.94 iz 0.14 14.18 L2 41992 1644
L6 W +0R 2 5.18 0.48 1165 9.19 0.12 10.94 L0 4725797 24464
16 W H0R 3 an 0.34 8.37 127 0.10 8.9 108 5201376 36242
Stage 2
16 W #0R 1 87 0.64 15.54 18 027 16.46 108 5606410 20224
L6 W 40R 2 808 050 12.16 6.14 0.24 13.64 107 60485 282
LG SW 440 R 3 759 0.39 9.47 5.10 02 na 106 6438607 3846
Stage 3
16 SW 40 R 1 1441 063 15.42 47 0.1 19.43 105 678475 24740
L6 SW 40 R 2 1378 052 12.84 381 0.57 7.0 104 TO9M2B 30740
L6 SW 440 R 3 1326 044 10.68 329 054 1488 104 7370894 38048

Figures 4: 3-Stage

With this design we are maintaining st element recovery of
11.17% and a maximum membrane flux of 15.94 LMH which
provides an ideal working environment for the membranes
which leads to extended Membrane Life. Also, with this design
the membrane polarization is 1.12 max which lowers the accu-
mulation of biological material on the membrane surface, there-
by reducing the risk of biofouling.

Cleary this design is less expensive compared with Theoretical

Membrane Projection

design because of the reduce number of pressure vessel, pumps,
and control.

2-Stage System Design

Figures 5 show a brine staged array with interstage pressure
boosting. In this design we divided the total element into two (2)
sets (front and rear) and provided a boost pressure between them.
Now the front elements work in low pressure based on required
osmotic pressure and rear elements work in higher pressure.

1% Stage

.
L

HPP
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Booster
Pump

!

Figures S: 3-

Figures 6 show membrane projection report for 2-Stages Design,
we used from 18 bar boost pressure between stages to recover

Stages systems

the osmotic pressure increase for each pressure vessel based on
the set of 5 elements feed water salinity increasing.
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@ LGChem
s
e
Overall System

Total permeate flow: 210 m3/hr
Raw water flow: 466,67 m3/he
Total concentrate flaw: 256.67 m3/he
Ovarall recovery: 45 %
System - Pass1

Permeate flow: 210 m3/hr
RO faed flaw: 466.67 mi/he
Concentrate flow: 256.67 m3/hr
Recovery: 45 %
Number of elements: 410

Water type: Soaator, 42,000 ppm
Flux loss per year: 7.00%
Salt passage increase: 7.00%

Water souree: Soawator-Open Intake (SDI<5)
Raw water TOS: 41,999.54 mg/L
Feed osmatic presure: 30.25 bar
Concentrate ssmotic pressure: 54.83 bar

Average flux: 1223 lmh
Water source: Scawator-Opan lntako (SD1<5)
Feed TDS: 41,999.94 mg/L

20400 0418-45:07
il

Feed pressure: 51.13 bar (1P)

Temperature: 25 '
Average NOP: 16,55 bar
Specific energy: 4.72 kWh/m®

Feed pressure: 51.33 bar
Permeate TOS: 259.61 mg/L

ERD type: tlano Pump efficiency: 80% Fouling factor: 0.9
Recirculation:
ROfeed  Permeste  Conc.  ROfeed  Conc.  Vessel  Bowst Back  Inter-stage
Fofvessels fofelements e fow  prere presare 0 presune premre PURT qu Perm. TDS
milhe mirhr maihe bar. bar bar bar bar bar. Tmh L
Stage | % 5 466,67 13683 s 53 WM 0.9 [} o [ 9% M8
Stagel n 5 2584 7337 AT 6934 640 185 18 ] 9 2B 25482
Within Vessels - PassT
Position Fdfred Flux =33 ® Polarization Feed TDS  Perm. DS
flow flow recovery DP pressure
m3lhr m3rhr mh % bar bar me/L meiL
iStage 1
LG SW 440 R 1 8.33 0.75 18.40 9.03 0.25 16.36 1.10 41,996.22 137.73
LG SW 440 R 2 7.58 059 14.55 7.84 0.22 13.49 109 4615014 187.46
LG SW 440 R 3 6.9 0.46 11.34 6.63 0.19 10.97 1.07 50,062.09  255.40
LG SW 440 R 4 6.52 0.36 8.75 5.49 047 8.82 1.06 53,600.68 347.04
LG SW 440 R 5 6.17 0.28 6.73 4.46 0.16 7.05 1.05 56,692.04  468.91
Stago 2
LG SW 440 R 1 11.78 0.77 18.72 6.50 0.43 0.74 1.08 59,317.79 184.42
LG SW 440 R 2 1.0t 0.62 15.20 5.64 0.39 17.83 1.06 63,425.93 239.14
LG SW 440 R 3 10.39 0.50 12.28 4.83 0.36 15.24 1.05 67,203.28  308.9%9
LG SW 440 R 4 9.89 0.41 9.91 4.09 0.34 12.98 1.05 70,599.25 397.09
LG SW 440 B 5 949 0.33 8.00 344 0,32 1103 1.04 7359671 506,93 |

Figures 6: 2-Stage Membrane Projection

With this design we are maintaining 1st element recovery of 9%
and a maximum membrane flux of 18.40 LMH which provides
an ideal working environment for the membranes which leads to
extended Membrane Life.

Also, with this design the membrane polarization is 1.10 max
which minimizes the accumulation of biological material on the
membrane surface, thereby reducing the risk of biofouling.

This design has the lowest capital cost compared with theoreti-
cal design and 3-stages system because of the reduced number
of pressure vessel, pumps, and control.

Singel Stage System Design
Figure 7 show the membrane array with a single stages system
PVs 7 elements per pressure vessel (PV).

HPP

Single Stage Configuration

X

Y

Figures 7: Single Stages systems

Figures 8 show membrane projection report for 1-Stages Design,

@ LGChem
Project name: IDA Papor
e
Username: Haytham
Overall System
Total permeate flow: 210 m3/he
Raw water flow: 46667 m3/hr
Total concentrate flow: 256.67 m3/hr
Overall recovery: 45 %
| System - Pass1
Permaate flaw: 210 md /e

Water type: Soaviter, 42,000 ppm Membrane age: 3
Flux loss per year: 7.00% ‘Safety factar: |
Salt passage inereases 7.00%
Water source: Sonvater g 61 bas (17)

Raw water TOS: 41.999.94 mg/L
Feed osmotic pressure: 10.25 bar
Concentrate ssmatic pressure: 54.87 bar

Average flux: 12.23 i

e omatic pressure: 4.7 bar

v.3.0.

raed prez: bar
Permeate TDS: 285,65 mg/L
r08

" D type: lona Pump efficiency: B0 & Fouling factor:
Reckreutaton:
RO feed Permeate Conc. feed Cone. Vessel Boost Back Inter-stage  Average
e i e flow fow  premure  presure  DP premure  premre PO gy PemTOS
mame  muhr  muhr  bar Bar Bor Bar Bar o W e
stago @ : a7 2018 1% P w0 osr 0 o o s 24
Within Vassels - Pas1
Pockian (o feed | Parneate Flux Element  Element  Netdrving poyyrizaion FeedTDS  Perm. TDS
flow flowr recovery op pressure.
marhr e Tmh % bar Bar meL el
Stago 1
LG SW 440 R 1 7.78 1.07 26.07 .70 021 .18 116 419922 10596
LG SW 440 R 2 671 079 19.42 11.83 0.7 1851 113 4864602 159.08
LG SW 440 R 3 5.92 0.58 14.08 9.73 0.14 14.46 111 55,150.58 239.58
LG SW 440 R 4 5.34 041 10.06 7.70 a1 .15 108 6106802 35849
LG sw 440 R 5 493 025 717 594 o 8.55 106 6643143 528.66
LG SW 40 R 6 464 021 544 453 a.10 6.56 105 7027530 76345
LG sw 440 R 7 443 015 175 346 010 5.06 103 T5T621 107418

Figures 8: Single Stage Membrane Projection
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With this design 1st element recovery of 13.7% and a maximum
membrane flux of 26.07 LMH which exceeds the design recom-
mendation and because of that we see decrease in Membrane
Life.

Also, with this design the membrane Polarization is 1.16 which
increases the accumulation of biological material on the mem-
brane surface, thereby increasing the risk of biofouling.

This design may have the lowest capital cost compared with oth-
er design, but it has the highest in operation and maintenance
cost.

Research

Based on multi-stages design we will be able to control the flux
and recovery for each element and keep it balance as show in
Figures 9 and this will increase the membrane lifetime in the
days when we are working in 30% recovery.

o Single stage

2" stage

v
g
. gsure
(==
: Same Recovery & Element Flux i
Lead Tail
element element

Figures 9: NDP and osmotic pressure in one and two stage arrays

Figures 10 show how most of the elements working on out-of-

range flux in traditional design compare with 2 stages system.

Lead element

Tail element

Figures 10: membrane Flux

Biturbo

With 2 stages system, we can use a Biturbo technology to not
only increase the membrane lifetime but also to reduce power
consumption, Ist turbo will be use as interstage booster but be-
cause of the low recovery and high operation pressure for the

2nd stage, the interstage turbo can produce too much boost and
we only need 18 bar boost pressure for that we can send this
extra boost to anther turbo in the 1st stage feed stream as shown
in Figures 11.

High
Pressure
Pump

BiTurbo™

Permeate

f

RO2

I

Turbo

Figures 11: Biturbo Technology

Results
From this study we can see the best option to control the net
driven pressure which give us best flux balance is by Theoretical
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design and both 3-stages and 2-stages system have good impact
and the single stages have the lowest result.
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Figures 12: Net Driving Pressure

Table 1: shows the comparison between the 4 designs in the element’s recovery, Flux and Polarization

Guidelines Theoretical 3-Stage 2-Stage S-Stage
1st element recovery 8 7.92 11.17 9.03 13.7
2nd element recovery 8 8.11 9.19 7.84 11.83
3rd element recovery 8 8.14 7.27 6.63 9.73
Last element recovery 8 8.54 3.29 3.44 3.46
1st element Flux 24 15.07 15.94 18.4 26.07
2nd element Flux 24 14.21 11.65 14.55 19.42
Last element Flux 6 9.77 8.37 6.73 3.75
Ist element Polarization 1.13 1.09 1.12 1.1 1.16
2nd element Polarization 1.13 1.09 1.1 1.09 1.13

Conclusions

Each design has its advantages and trade-offs. The theoreti-
cal design with boost pressure may offer the best control and
performance but could be more expensive to implement. The
3-stage system can provide a good balance between control and
economy, while the 2-stage system may offer the best economic
efficiency with reasonable control. The traditional single-stage
system is likely the most straightforward and least expensive to
set up but will typically have higher operational costs due to less
efficient energy use, shorter membrane life and more frequent
CIPS resulting in greater downtime and higher chemical con-
sumption.

When comparing these systems, it’s important to consider fac-
tors such as energy consumption, capital and operational costs,

membrane lifespan, and the specific requirements of your SWRO
plant. Additionally, the impact of feed water quality, tempera-
ture, and membrane fouling should be considered, as these can
significantly affect the performance and cost-effectiveness of the
desalination process.

The most economical and power saving solutions will be the
2-stages design with Biturbo design, this design will minimize
the pressure vessel cost increase which is the major cost impact
item, you will need to add another turbo but the saving in the
membrane replacement cost will cover this cost plus the big sav-
ings in OPEX (power consumption and chemicals).

We can follow this study with a compete case study including
CAPEX and OPEX impact.
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