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Abstract

Desalted water is the source for thermal and nuclear power stations. Sea water is desalted in many cases if

power stations are located on the sea shores. The operating types of reverse osmosis systems and thermal

desalting installations don’t meet the requirements for the water quality for power stations. Additional water

desalting is required. The possibility of combined desalting installations application is considered in this paper.

These installations include membrane systems at the first stage and thermal systems for water desalting at the

second stage. Different schemes of combined desalting installations have been considered. The methods of

optimized calculations of such systems have been presented. The parameters of desalting processes which

provide the required quality of desalted water have been determined. The paper includes some recommendations

for combined desalting installations application for thermal and nuclear power stations.
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Structure analysis of the operating desali-
nation plants at thermal power stations
shows that those systems process water with
great content of salt, organic and mechanical
admixture. It hampers the receiving of high
quality distillate. At the same time demands
of water quality after processing are becom-
ing higher. The cost of water production

using reagents and additional ion-exchange
filters for water cleaning is increasing.

To overcome economic and technological
problems in water production systems at ther-
mal power stations the apparatus which
operate on the principle of membrane tech-
nologies of water desalting should be used
more purposefully [1,2].

Traditional schemes with evaporators and
filters are used to examine the combined water
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production systems. Membrane desalination
plant is suggested to be included into the struc-
ture of water production in those schemes. It
allows to decrease the salt content in sea water
by 70–80% even at the first stage of desalination
before evaporators and ion-exchange filters.

Fig. 1 demonstrates the scheme of water pro-
duction for power stations with membrane tech-
nology and desalinating thermal methods
(MED—Multiple Effect Distillation, MSF—
Multiple Stage Flash or BE—Boiling Evapora-
tor) combination. Additional equipment for par-
tial sea water desalting (or softening) is used in
the scheme mentioned, electrodialysis (ED) and
reverse osmosis (RO) modules being applied.

Brine from the third stage evaporator is
used as the desalted water in the scheme men-
tioned. Sea or feed water is added to the brine.
The mixture with high content of salt passes
through RO modules and is partially desalted.
Then this water may be used for evaporating
system feeding after heating and removing dis-
solved gases. The steam from turbine is the
source of thermal energy for evaporators.

The level of sea water salt content decrease in
RO modules under multi stage processing

reaches 90–95%. However it’s insufficient for
obtaining the required quality of feeding water
for power stations with steam boilers of high
pressure or for nuclear power stations. That is
why evaporating plants are suggested to be used
as the second stage of processing. As the water
obtained behind the membrane modules in the
combined schemesofwater productionhasprac-
tically no hard salts it may be put into different
types of evaporators and it may also be used as
feed water for systems of heat supply. It allows
lowering the cost of thermal desalinating plants
by simplifying their construction raising specific
thermodynamic indices and productivity [3].

Evaporators for sea water desalination are
expensive. Their use at power stations is not
always economical. The distillate cost at ther-
mal desalination guarantees water preparing
profitableness only at the large industrial
desalinating systems producing more than
1000 m3/h of desalted water [4].

The investigation showed that high quality
water expenditure for steam boiler and ther-
mal net feeding at the power stations does not
exceed 200 m3/h. For this reason thermal
desalination plants are replaced by membrane
desalinating systems (ED apparatus of the
required productivity for example) for water
production.

The scheme with boiling evaporators and
RO modules is recommended for the systems
of water production at the large power sta-
tion if salt concentration in feed water at the
second stage of desalting process is not more
than 150 mg/L.

Combined scheme of water production is
demonstrated in Fig. 2. Here sea water is
cleaned with the help of sand filters. Then it
is passed to the cartridge filters and to the
sterilizer and then to ED modules for desalt-
ing. To make deep desalting, ion-exchanging
filters are applied in two stages by the follow-
ing scheme: cation-exchanging filters—decar-
bonization—anion-exchanging filters.

Fig. 1.Water production scheme for power stationswith

boiling evaporators (BE) and RO modules: 1 – BE; 2 –

RO modules; 3 – deaerator; 4, 5 – pumps; 6 – high

pressure pump; 7 – brine cooler; 8, 9 – water heaters;

10 – distillate tank; 11 – cartridge filter; 12 – brine tank.
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Such simplified scheme of water desalting
can be used when the requirements for the
heater quality are not so high. The advan-
tages of this scheme are low energy expendi-
tures for desalting, minimum quantity of ion
exchanging filters while the productivity is
high and reagent expenditure for water pro-
cessing is low [6].

If the heater must be of high quality (for
nuclear power stations for instance) the
scheme for water production becomes multi-
staged (Fig. 3). The productivity of complex
combined water production systems usually
does not exceed 50–100 m3/h of distillate.
RO modules where the desalting depth may
exceed 90% are recommended for use at the
first stage of water production.

The scheme (Fig. 3) ensures that the water
production system operates without decreas-
ing the power station equipment and with its
complete reservation.

The disadvantage of this scheme is that a
large number of ED or RO modules are

required. Higher quality of desalted water is
achieved by the desalted water processing in
the ion exchanging filters by the following
scheme: twice cation-exchanging filters—dec-
arbonization—twice anion-exchanging filters.

Of the schemes considered (Figs 2 and 3)
the first one is more ecologically advanced.
The quantity of harmful wastes is decreased
as much as almost twice and water expendi-
ture is decreased by 60–70% in this scheme.

The equations allowing to define the num-
ber of ED and RO stages of desalting system
using membrane apparatus and energy expen-
ditures for the desalting process are presented
in the paper.
The number of processing stages (n) for ED
systems under the given technological para-
meters of the process is influenced by the
desalting depth (C = Cf–Cd)

n ¼ 26; 8 ��CGd

�eFMiop
ð1Þ

Fig. 2. Water production scheme with ED modules: 1 – sand filters; 2 – ED modules (�AQVAMIN� system

[7]); 3 – cation-exchanging filters; 4 – anion-exchanging filters; 5, 11,12 – tanks; 6, 8, 9, 13 – pumps; 7 – cartridge

filters; 9 – sterilizer; 10 – decarbonizators.
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where FM is the membrane area in the mod-
ule, iop is the optimum value of the current
density passing through the plant having the
productivity at Gd distillate.

Theoretical water expenditure for the
desalting process is defined by taking into
consideration the initial Cf and the final Cd

and Cb of electrodialysis product concentra-
tion (diluate and brine):

Wmin ¼ 2RTðCf

� CdÞ
ln Cf

Cd

� �

1� ln Cf
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� �� ln Cf
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� �
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2
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In operation this quantity depends upon
electrodialysis module electric parameters

W ¼ 26; 8ðCf � CdÞ�U

�e
ð3Þ

When the salt content of water and distil-
late is known, electrodialysis system operation
can be optimized by lowering the tension
losses �U in the electrolyte, membranes, on
the anodes and cathodes. Raising the coeffi-
cient �e, which will estimate the ED module
technological efficiency is an important task.

Minimum energy of the division process in
RO modules

Wmin ¼ RT

ZCf

Cd

ln S�dC

¼ RT

ZCf

Cd

ln
jM�PM

j���

� �
dC ð4Þ

where S* is the potential of the forces provid-
ing the salt and water mass carrying through
the membranes. In the equation (4) j� and jM
are osmosis and actual coefficient of the mod-
ule membrane permeability, �PM is pressure

Fig. 3. Scheme water production with ROmodules: 1 – sand filters; 3, 8 –– cation-exchanging filters; 2, 9 –– anion-

exchanging filters; 4 – decarbonizators; 5, 7, 11 – tanks; 6, 12, 13 – pumps; 10 – mixed ion-exchanging filters;

14 – cartridge filters; 15 – high pressure pumps; 16 – sterilizer; 17, 18 – RO modules.
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overfall on the membranes, �� is osmosis
pressure.

Actual energy expenditure for feed water
pumping through RO module is calculated
according to

W ¼ Gf�PM

ð1� �Þ�p
ð5Þ

where � = Gb/Gf is concentration coefficient,
�p is the pumping plant efficiency.

The number of water desalination stages in
RO system depends on the selectivity coeffi-
cient j = 1–Cd/Cf of module and concentra-
tion coefficient �:

n¼ 1þ lnfð1� y1�jÞ=½ð1�jÞð1� yÞ�g=jjlnyj:

Maximum value of the selectivity coeffi-
cient j while the energetic function analysis
[5], connecting the distillate and feed water
concentrations with the probability of finding
salt ions in the solutions at the given energetic
level Cd

Cf
¼ exp ��W

KbT

� �
will be presented in

j ¼ 1� exp
��W

KbT

� ��1

ð6Þ

where �W is the desalinating process energy
spent for water or ions transferring through
the membrane, Kb–is Boltsman constant,
�W = Wmin may be accepted at the initial
approach. It results from formula (6) that
membrane selectivity in the desalinating
plants is directly connected with the energy
level, spent for the desalination process and
increases if the temperature raises due to the
activity of salt ions in the solution.

Economic estimation of desalination pro-
cesses using the combined systems of
water preparing has been made on the basis
of the equations mentioned (Fig. 4). The

graphs show that if the productivity of the
desalinating net is less than 100 m3/h the
combined schemes with RO or ED apparatus
and ion-exchange filters are profitable if the
distillate expenditure at the power station is
more than 100 m3/h application of RO and
ED nets with evaporators is more profitable.

1. Conclusions

According to the analysis it is recom-
mended for desalination and water produc-
tion processes at the power stations:
– to use RO and ED as the first stage of

water desalination to decrease the salt
load on the ion-exchange filters;

– to apply RO and ED modules to decrease
the water salt content and feed water car-
bonate hardness before the evaporators
and to decrease the expenditures for sea
water desalination including the applica-
tion of more simple and not expensive
types of evaporators;

– to estimate the desalination process effec-
tiveness according to the total amount of

Fig. 4. Dependence of desalted water cost upon the

productivity system of water production at the power

stations: 1 – for ion-exchanging filters; 2 – for RO

modules and ion-exchanging filters; 3 – for ED mod-

ules and ion-exchanging filters; 4 – for boiling evapora-

tors; 5 – for RO modules and boiling evaporators.
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the energy expenditures at all stages of
water production;

– to use the scheme presented in this paper
to choose the optimum structure of water
production at the power stations.
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