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ABSTRACT

The R&D Center (RDC) of the Saline Water Conversion Corporation (SWCC) Saudi
Arabia has been actively involved in developing the application of nanofiltration (NF)
pretreatment to both seawater reverse osmosis (SWRO) and multistage flash (MSF)
desalination processes. Full integration of NF, SWRO and MSF processes would result
in enhancing the reliability, flexibility, plant productivity and ultimately reduce water

production cost.

Extensive experimental studies on a pilot-scale were conducted recently by RDC to
establish the operational boundaries and constraints of the trihybrid NF/RO/MSF
desalination system. The system was configured in such a way that the NF unit received
seawater feed from the heat rejection of the MSF pilot plant and was able to operate at
a fairly constant temperature of about 33°C which produced NF permeate (NFP) at a
recovery ratio of about 64 percent. The SWRO unit which received the NFP as a feed
yielded a permeate recovery of about 47 percent. Average chemical analysis of the RO
reject (ROR) revealed that the sulphate and calcium concentrations were only 124 and
281 ppm, respectively, and was subsequently used as a make-up to the MSF pilot plant.
The very low concentration of the sulphate and calcium ions in the brine recycle which
were below the saturation limits enabled to operate the MSF unit safely up to a top
brine temperature of 130°C (unit temperature design limit) and water recovery ratio of
about 69 percent.

“This paper has been presented at International Desalination Association (IDA) World Congress
Conference held at Singapore in 2005.



In this paper, the operational performance of the trihybrid NF/RO/MSF desalination
pilot plant will be presented. The established optimum operating conditions can be used

as a guide to assess the techno-economic viability of the trihybrid desalination scheme.
1. INTRODUCTION

The R&D Center (RDC) of the Saline Water Conversion Corporation (SWCC) Saudi
Arabia has been actively involved in the development of nanofiltration (NF)
pretreatment technology application for both seawater reverse osmosis (SWRO) and
multistage flash (MSF) desalination processes. The technical and economic merits of
the combined NF/SWRO have been confirmed both in pilot and commercial plant
operation [1-6]. The RDC conducted extensive pilot plant testing in which the
nanofiltration membrane product (NFP) was sent as a make-up to the MSF pilot plant
[8-10]. As the result of the removal of more than 99% of sulfate ions, 86% of calcium
ions and 30% of total dissolved solids from the seawater by the NF pretreatment unit,
the top brine temperature (TBT) of the MSF pilot was successfully increased up to 130
°C with a make-up which was entirely formed of NFP [10]. The study revealed that an

increase of TBT from 100 to 130 °C produces a 48% increase in water production.

Evaluation tests which were carried out using the NF membrane for pretreatment of
seawater feed to reverse osmosis desalination unit, revealed that the RO reject consists
of a relatively low concentration of scale forming ions as shown in Table 1. Hence, it is
worthwhile to explore the possibility of sending the RO reject as make-up to the MSF
pilot plant. Such a situation would require the establishment of a trihybrid NF/RO/MSF
desalination system. Full hybridization of NF/RO/MSF can be expected to improve the
overall product recovery ratio and consequently reduce water production costs.
Integration of reverse osmosis with multistage flash distillation offers additional
benefits [11-14]. It provides a common and smaller seawater supply system,
integration of seawater pretreatment and product post-treatment systems, and the ability

to increase the SWRO plant feed water temperature.

This paper discusses the results of extensive pilot plant evaluation testing which
determined the operating conditions of the NF/RO/MSF trihybrid system when the
MSF pilot plant operates at elevated TBT higher than 120°C.



2.  THE EXPERIMENT SET-UP

A schematic flow diagram of the trihybrid NF/SWRO/MSF system is shown in Figure
1.  The seawater supply is first pretreated by passing it through a dual media filter
followed by a fine sand filter after addition of about 50 ppm of H,SO, to prevent
scaling on NF membranes. A micron cartridge filter is used to protect the high pressure
pump. The pretreated seawater is then sent to the nanofiltration membrane. The NF
product is sent to the RO unit and its brine reject is used as a make-up to the MSF plant.

The MSF pilot plant has a capacity of 20 t/d and consists of a brine heater, four heat
recovery stages and two heat rejection stages. The plant is also equipped with an
external deaerator as well as a decarbonator and on-line ball cleaning facilities.

3. RESULTS AND DISCUSSION

3.1 Operational Performance of the NF System

The NF unit received pretreated seawater and was operating at variable feed water
temperature. As shown in Fig.2, the inlet seawater temperature varies between 24 °C
and 34°C. During the first 540 hours of operation, the seawater feed to the dual media
filter was obtained directly from the seawater intake system. Afterwards, part of the
heated seawater leaving the heat rejection section was used as feed for the NF

membrane, thus resulting in a higher feed temperature.

Figure 2 shows that during the first 540 hrs, during which the operating pressure was
maintained at about 24 kg/cm? and the temperature in the range of 24 to 27 °C, the
permeate recovery rate was between 53 and 57%. An increase in pressure to about 28
Kg/cm? and an increase in the temperature of the inlet seawater to 34°C resulted in an
increase in the NF recovery rate to about 65%. Average chemical analysis revealed that
the nanofiltration pretreatment enabled to reduce the seawater sulphate from 3309 ppm
to 75 ppm, calcium ions from 491 to 154 ppm, M-alkalinity of seawater which was
initially reduced upstream of the NF membrane by acid addition from 127 ppm to 103
ppm was further reduced to 47 ppm, by NF membrane and TDS was reduced from
45550 to 33500 ppm.



3.2 Operating Performance of the SWRO System

The operating conditions and performance of the HFF SWRO unit, which received the
NF product as feed, is shown in Fig.3. The SWRO unit consists of two vessel units,
which are connected in series. During the test period, the operating pressure was
maintained at 60 Kg/cm? and the temperature ranged from 23 to 34 °C. Figure 3 shows
that the average permeate recovery of the first and second vessels were around 30 and
21 per cent respectively and the overall recovery of the integrated SWRO system was
about 45%.

Chemical analysis revealed that the majority of the hardness ions and other dissolved
salts were concentrated in the brine reject. The RO reject, whose composition is shown

in Table 1, was sent to the MSF unit as make-up.

3.3  Operational Performance of the MSF Plant

To prevent alkaline scale formation, the bicarbonate ions in the RO reject which ranged
between 98-101.5 ppm, were eliminated by the addition of a stoichiometric amount of
sulphuric acid. The RO reject was then sent as make-up to the MSF pilot plant. The
top brine temperature was then increased in a stepwise mode from 120°C up to 130°C.
The performance of the MSF distiller during a total period of 976 hours of operation is
shown in Fig. 4. The overall heat transfer coefficient and the fouling factor of the brine
heater remained virtually constant. After 728 hrs of operation at TBT of 128 °C, the
unit was shut down due to unexpected disturbance in the seawater supply system. The
unit then resumed operation for a further 247 hrs without any sign of scale formation.
This fact was further confirmed by the post-test visual inspection. It revealed that the
tube ends and sheets of the inlet and outlet water boxes of the brine heater were very
clean and that there was no evidence of scale deposits. Figure 5 shows the effect of the
increase of TBT on the water recovery ratio (WRR). An increase of TBT from 120 °C

to 130 °C resulted in an increase in the WRR of about 9 per cent.

The results of the chemical analysis of the brine recycle stream during this test period
are shown in Figures 6(a) & (b). As a result of increase in TBT from 120 to 130 °C, the
total dissolved solids (TDS) in the brine recycle stream increased from 111860 to
126000 ppm, sulphate ions from 344 to 450 and calcium ions from 481 to 621 ppm.



Comparison between the observed concentrations of sulphate and calcium ions with the
corresponding solubility limits of calcium sulphate hemihydrate are also shown in
Figure 6(a) and (b). Figure 6 (a) shows that the observed concentration of sulphate ions
is consistently below the corresponding solubility limits. Figure 6 (b) shows that the
concentration of calcium ions is below the corresponding limits up to TBT of 126 °C.
When TBT equal or exceeds 128 °C, the observed calcium ions concentration exceeds
the solubility limits. Although the calcium ions solubility limits were exceeded, the
relatively low concentration of observed sulphate ions permitted the successful
operation of the MSF pilot plant up to a TBT of 130°C.

4.  CONCLUSIONS

1.  The operational performance of a trinybrid NF-SWRO-MSF system, where the
reject from the SWRO unit, which is fed with NF- product, constituted the make-
up to the MSF pilot plant, was established.

2. It has been confirmed experimentally that it is quite safe to operate the MSF pilot
with a make-up which is entirely formed of the brine reject from the RO unit at a
top brine temperature up to 130°C.

3. The established results of the pilot plant testing of the trihybrid NF/RO/MSF can
be used as a basis to assess the technoeconomic feasibility of its commercial

application.
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Table 1.

product and RO eject

Average chemical composition of seawater and nanofiltration product (NFP), RO

Parameter Unit Seawater NFP RO Product RO reject
TDS ppm 45550 33500 780 61410
Calcium ions 7 491 154 1 281
Magnesium ions 7 1556 225 2 406
Total hardness as CaCOj3 ” 7633 1310 8-5 2350
Sulphate ions 7 3309 75 ND 128
Bicarbonate ions ” 155.5 57 4 101.5
M-alkalinity ” 127 47 3 83
Chloride ions ” 23838 19497.5 382 35419.5
Dual Fine Sand
media media
SW CE NF Unit
Intake Pum Product
Fee -
Ta
NF Reject
SW from MSF Rejection
X SWRO Unit
Brine

Heate
B.R I Permeate
o

HP Pump

4 HRC Stages

SW

o]
Tan
Booster Pump

SWRO Unit

Seawkter Reject to MSF

Figure 1. Schematic flow diagram of the trihybrid NF/RO/MSF system and

MSF pilot plants system
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