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UF/MF as RO pre-treatment: the real benefit
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Abstract

Ultrafiltration (UF) and microfiltration (MF) are theoretically the best pre-treatment upstream reverse
osmosis, removing from the feed water most of the potential elements responsible of desalinating membranes
fouling such as particles, turbidity, bacteria and large molecular weight organic maters. Those clarification
membranes reduce also significantly the silt density index below 3 (100%) [1-6] and generally below 2. Many
papers present results about the efficiency of UF/MF regarding clarification efficiency.

UF/MF can be an economical option for RO pre-treatment. Several evaluations of the cost of UF/MF upstream
RO demonstrate the interest of this pre-treatment technology on average to bad water qualities, compared to a
double filtration steps conventional pre-treatment. In that case, and on a long-term operation basis, the treatment
line is economically viable [7]. However, UF/MF remains more costly than a single filtration on mono or
multimedia filter: UF/MF is not economically applicable on the best water quality to pre-treat.

Nevertheless, UF/MF technology has some limits. If this technology is economically viable on average to bad
water qualities, UF/MF direct filtration can overpass the technical limits of the process, generating the need of
frequent cleanings. In that case, the RO fouling is moved upstream to the pre-treatment stage. Moreover, the
clarification membranes, with cut off generally higher than 100,000 kd, do not remove the smaller organic matter
molecules responsible of the biofouling development on RO membranes. In this situation, it is very difficult to
demonstrate the real technical advantage of UF/MF on the RO operation, since this demonstration needs a long-
term study (more than one year depending on the application) with side-by-side technologies to compare, and the
results appear to be site specific.

Solution of this double problem, UF/MF fouling on average to bad surface seawater and biodegradable
organic matters removal, can be found in the treatment line, enhancing the UF/MF treatment by adding a pre-
coagulation/settling of flotation. The benefits of this association of technologies are multiples, as it was developed
for the treatment on surface water one decade ago for drinking water production. Moreover, the benefit of the
coagulation/separation on the design (filtration flux) and operation (frequency of cleaning, membrane life
duration) can significantly improve the economical balance of the process. It also allows a definitive advantage
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Table 1

Conventional pre-treatment line according to water quality

Type of pre-treatment Process line*

Some references

Mediazur™ GH or FH DMF

Double stage filtration using DMF + DMF
Mediazur™ GH or FH

AquaDAF & Mediazur™ DAF + DMF

Pulsatube™ & Mediazur™ SBC + DMF

AquaDAF & Mediazur™
Turbocirculator™ & Mediazur™

DAF + DMF + DMF
SBC + DMF + DMF

Bahia de Palma (Spain) — 70,000 m*/day
Fujairah (UAE) — 170,000 m®/day
Perth (Australia) — 143,000 m*/day

Cartagena (Spain) — 65,000 m®day
Barka (Oman) — 120,000 m®/day

Power Plant Atacama (Chile) — 3000 m*/day
Wadi Ma’In (Jordan) — 135,000 m*/day

El Colosso (Chile) — 45,000 m*/day
Salbukh (Saudi Arabia) — 60,000 m*/day

*DMF: dual media filter; DAF: dissolved air flotation; SBC: sludge blanket clarifier.

upstream a fine deep bed filtration, this pro-
cess is well known on brackish water (Table 1)
but few full-scale applications exist on sea-
water due to the recent development of surface
water intake. Moreover, it can be interesting
to replace this settling technology by a flota-
tion step. In both cases, the full coagulation
allows a better removal of NOM, and can face
bad seawater quality, high turbidity, algae
counts (red tide and blooms), hydrocarbon pol-
lutions. Settling and flotation can be followed
by either deep bed filtration or UF/MF. In that
last case, the flotation, operated without floc-
culant aid, presents a definitive advantage for
the control of clarification membrane fouling.

1.3. Treatment line evolution

Regarding the treatment line evolution, an
increase of the pre-treatment steps can be noted,
based on the multibarriers concept developed in
USA to challenge disinfection objectives. In this
case, the objective is to remove microorganisms,
and each treatment step is credited with a removal
efficiency. In our case, the problem is a little
bit more complex, since the RO optimal feed
water quality is not well defined, and the removal
efficiency of each treatment steps is questionable.

The objective being to secure of the RO feed,
and the treatment of more and more difficult sea-
water qualities, a water classis approach has
been defined. This water classis is based on
conventional water parameters and the last anal-
ysis results developed those last years (turbidity,
TSS, SDl,,,, TOC, TEG, algae, hydrocarbon,
mineralization, ...) and are applied during the
choice and design of the desalination plant, as
presented in Table 1.

This pre-treatment classification is performed
on similar clarified water quality feeding the
RO, including both treated water quality and
treatment steps operation. The position of UF/
MF technology in this classification is similar to
a DMF or double stage DMF, necessitating an
enhanced coagulation for NOM removal and/or
membrane fouling protection.

1.4. UF/MF vs. conventional pre-treatment
impact on RO performances

The impact of UF/MF pre-treatment vs. con-
ventional pre-treatment is a key question in the
position of such new technologies. Several studies
have been performed in the first half of this
decade. The conclusions are still questionable
since the conventional pre-treatment chosen is
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» That makes open intake the only alternative,
but it is often located in shipping areas, and
industrialization areas, where there is poor
knowledge of the area’s hydraulic currents
(dispersal, concentration, migration of flora
and fauna) and it experiences variation in terms
of quality throughout the year (zooplankton,
temperature, etc).

This development towards open water intake
leads to a degradation of the water quality at the
draw-off point and therefore complexity in terms
of the pre-treatment.

Seawater RO open intakes needs extensive
pre-treatment to control fouling. But direct UF
membrane filtration on the type of sea water
would not be very cost effective because the
membrane fouling and membrane area cannot
be well-optimized. In such condition the intro-
duction of membrane as clarification step has
always a negative impact on the cost (Capex).
Moreover, the OPEX is also impacted, mainly
due to the UF membrane cost replacement.

For such raw water, the UF pre-treatment can
be investigated further.
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4. An innovative solution

The innovative solution, dissolved air flotation
(AquaDAF™) prior to immerged membrane
filtration (GE/Zenon’s product), improves the UF
membrane filtration and optimizes the cost of
the UF pre-treatment (Fig. 3).

Degremont has performed some piloting on
membrane filtration on seawater and has chal-
lenged many ultrafiltration membranes. The sub-
merged membrane filtration provided by Zenon
has run with high performance on floated sea
water (Fig. 4). The UF membrane flux could be
increased by 60% and membrane fouling was
under controlled.

It can be noted that the association of UF/MF
and a pre-clarification in this case allows a sig-
nificant reduction of both CAPEX and OPEX,
mainly due to the increase of filtration flux on
this difficult surface seawater. But the technol-
ogy is still more expensive than conventional
pre-treatment.

UF/MF can only be justified and is associated
with a reduction of the RO cost as it is developed
in all the technico-economical studies published
on this subject [9,10]. This point is nevertheless
the most difficult part to appreciate.

Effluent
Control Weir

Desludging
Trough

| \

Diffuser Air/Sludge
Nozzles

Degremont’ Rapid Flotation: AquaDAFTN|

Submerged UF membrane:
ZW1000 V3 (GE/Zenon’s product)

Fig. 3. AquaDAF and UF technologies used in the cost model.
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Cost evaluation for large desalination plant
with an assumption of 20% RO higher flux due to UF pre-treatment
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Fig. 6. Economical comparison of the different treatment line processes including 20% RO flux increase.

to minimize the replacement cost, the UF pre-
treatment could be justified if RO flux higher
than 20% is demonstrated (Fig. 6).

6. Conclusion

Desalination performances using RO technol-
ogy is strongly impacted by the RO membrane
behaviour, results of both feed water quality and
reliable operation. The pre-treatment must be
chosen according to the seawater quality to treat,
and the potential degradation the plant will have
to face during its 20-30 years of operation.

Economical evaluation must take into account
the CAPEX, easiest part of the math to determine,
and the OPEX, based on reagent consumption,
membrane cost and energy. The choice must also
include the technology reliability and the plant
availability.
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