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Abstract. In the present work the main directions of water desalination technologies improving have 
been analyzed. Possible techniques of high-quality treatment of water that enable the reduction of 
amounts of environmentally hazardous substances to be discharged into the hydrosphere are indicated. 
The purpose of the work was to improve the ecological efficiency and the effectiveness of water treat-
ment equipment at heat power plants when designing new and the modernizing existing water treat-
ment schemes. In order to achieve this goal the following problems have been solved: the one of ana-
lyzing the main directions of the improvement of technologies of working body of water preparation  
at thermal and nuclear power plants; of analyzing the main directions of reduction of total volume  
of highly mineralized power plant wastewaters; of developing the technological scheme of recycling  
of concentrate of membrane installations and regenerants of ionite filters in acid and alkali; of develop-
ing the technological scheme of transformation of the sludge in pre-processing waste into valuable 
commodity products. The results of research can be applied for the design of new and the moderniza-
tion of existing water treatment installations of thermal and nuclear power plants. It will enable to re-
duce considerably the use of natural water and the amount of chemicals added as well as the volume  
of wastewater and the concentration of dissolved solids in it. As a consequence, the negative impact  
of thermal and nuclear power plants on the hydrosphere will be reduced.  
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систем на гидросферу. Предмет исследований – ресурсосбережение и повышение экологи-
ческой безопасности вновь вводимого и реконструируемого водоподготовительного обору-
дования на тепловых электрических станциях путем проведения сравнительного анализа 
технологий обессоливания воды и выявления наиболее экономически и экологически вы-
годной схемы подготовки добавочной воды. Для достижения поставленной цели решались 
следующие задачи: анализ основных направлений совершенствования технологий обессо-
ливания воды для тепловых и атомных электрических станций; исследование основных 
путей снижения общего количества сточных вод тепловых электрических станций; разра-
ботка технологических схем переработки концентрата мембранных установок и отработан-
ных регенерационных растворов ионитных фильтров в кислоту и щелочь и шлама пред- 
очистки – в ценные товарные продукты. Результаты работы могут быть применены в про-
цессе проектирования новых и модернизации существующих водоподготовительных уста-
новок тепловых и атомных электрических станций, что позволит значительно сократить 
использование природной воды и реагентов для регенерации, а значит, минимизировать 
объем сточных вод и их солесодержание и снизить за счет этого нагрузку тепловых и атом-
ных электростанций на гидросферу.  
 

Ключевые слова: водоподготовительная установка, малоотходные технологии, обессоли-
вание воды, замкнутый цикл водопользования, мембранные технологии в водоподготовке, 
ионный обмен 
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The current state of technology of working body of water preparation on 
thermal power plants in the Republic of Belarus is determined by the state and 
prospects of development of main power equipment. Today, more than 90 %  
of country’s power is generated in thermal power plants that were commissioned 
lots of years ago. Traditionally used in the Belarusian energy system methods 
and technologies of physical and chemical treatment of natural water for steam 
generators feed allow to provide the high quality of desalinated water, guarantee 
the long-term reliable work of main power equipment, are easy to automate and 
to operate. Despite all the advantages of these water desalination technologies  
a serious problem of such water treatment plants is the use a significant amounts 
of chemicals and the formation of highly mineralized acidic and alkaline waste- 
waters as a result [1, 2]. Under the circumstances when prices for ion-exchange 
resins, acid and alkali as well as expenses for water use and wastewater disposal 
costs are permanently increasing water treatment technologies must be improved 
and developed. So the aim to increase the economic efficiency of water purifica-
tion systems and to reduce their negative impact on the environment is of special 
significance nowadays [3]. 

Currently, desalination for thermal power plants steam generators feed water 
preparation is mainly based on traditional technological schemes. These schemes 
include preliminary water treatment stage in sludge blanket clarifiers and filtra-
tion in clarification filters and a subsequent step of the two-stage chemical sof-
tening (by the bed of strong acid cation exchange resin in the sodium form)  
or desalination (which include a strong acid cation unit and a strong base anion 
unit). Clarification filters are loaded with granular material (hydroanthracite  
or crushed anthracite) to the height not more than 1.0 m [4, 5]. 
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As a result of the operation of the currently used makeup water treatment 
plants, the highly mineralized acidic and alkaline wastewaters are formed. That is 
why the tasks of modern water treatment plant are [6]: 

• to provide stable quality of desalinated water; 
• to provide long-term reliability and operating stability of the main power 

equipment; 
• to reduce operating costs; 
• to minimize the amount of wastewater discharges. 
Application of modern water desalination technologies (for pretreated water) 

such as counter-current ion exchange, membrane and thermal desalination tech-
nologies as well as implementation of brine concentrators followed by a brine 
crystallizer or an evaporation pond (designed for eliminating any liquid waste 
leaving the power plant while the produced solids are recovered as valuable salt 
byproducts) would allow to solve the problem of reduction of total volume  
of highly mineralized power plant wastewaters[7–9]. 

In the world practice of water treatment the following tendencies could be 
marked out [10]: 

• economy of fresh water; 
• reduction of chemicals used as a result of practical implementation of rea-

gent-free methods of water desalination; 
• reduction of the environmental impact of water purification systems as a re-

sult of  wastewater discharges minimization; 
• practical implementation of closed cycles of water use as well as technolo- 

gical schemes of  wastewater recycling and reuse. 
So recovery and recycling of wastewater is becoming a growing trend [11]. 

Wastewater reuse not only minimizes the volume and environmental risk of dis-
charged wastewater, but also alleviates the pressure on ecosystems resulting 
from freshwater withdrawal. Through reuse, wastewater is no longer considered 
a “pure waste” that potentially harms the environment, but rather an additional 
resource that can be harnessed to achieve water sustainability [12].  

A water desalination technology for thermal power plants could be consi- 
dered as a near-zero liquid discharge if the wastewater total dissolved solids 
(TDS) is not higher than TDS of raw water, and as a zero liquid discharge if no 
effluent is left over. A Zero liquid discharge facility is an industrial plant that 
eliminates liquid waste leaving the power plant, with the majority of water being 
recovered for reuse. This target could only be reached using integrated approach 
to solving the thermal power plant wide problem of wastewater formation, rec-
lamation and reuse [13].  

One of the possible ways of reducing the total amount of wastewater dis-
charges is that at least 50 % of makeup water treatment plant wastewaters (in-
cluding all wastewaters from pretreatment, waste waters after ionite filters 
backwash and also water discharged when emptying clarification and ionite  
filters) have the same or even better salinity, hardness, alkalinity and other indi-
cators than those of the pretreated water as well as of raw water. That is why 
such wastewaters could be used as a raw water for clarification filters or even for 
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Sodium-cationite filters without additional chemicals added. To further mini-
mize the amount of thermal power plant wastewaters the following measures 
must be taken [14]: 

• water desalination using counter-current ion exchange technologies; 
• thoroughfare regeneration of a weak and a strong resin filters connected  

in series (the regenerant pass first through the strong, then through the weak res-
in filter) (fig. 1); 

• rinse recycling and reuse; 
• partial water desalination using membrane technologies (reverse osmosis 

(RO), electrodialysis (EDI), electro deionization); 
• application of thermal desalination technologies [15] (multi-stage flash dis-

tillation (fig. 2), multiple-effect distillation (fig. 3)) [14]; 
• implementation of electrodialysis to the recovery of acids and alkali from 

thermal power plants acidic and alkaline wastewaters correspondently; 
• application of electrodeionization; 
• application of electrocoagulation. 

 

                           a                                                                        b 

    
 

Fig. 1. Ion exchange process regeneration:  
a – separate columns in service; b – separate columns in regeneration 

 

 
 

Fig. 2. The schematic of a 'once-through' multi-stage flash desalinator: A – steam in;  
B – seawater in; C – potable water out; D – waste out; E – steam out; F – heat exchange;  

G – condensation collection; H – brine heater 
 

Theoretically, the most promising zero liquid discharge technology is thermal 
desalination, where the feed wastewater undergoes a pretreatment step that redu- 
ces scaling potential, and is then concentrated sequentially by two core elements –  
a brine concentrator and a brine crystallizer (or an evaporation pond) [16].  

https://en.wikipedia.org/wiki/File:Multiflash.svg
https://en.wikipedia.org/wiki/File:Multiflash.svg
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The distillates generated by the 
brine concentrator and crystallizer units 
are reused as clean product water, 
whereas the solids produced are either 
stored (in evaporation ponds), further 
processed for landfill disposal, or reused 
as valuable byproducts. But taking into 
account high capital cost as well as in-
tensive energy consumption required, 
this way of solving the thermal power 
plant wide problem of wastewater for-
mation, reclamation and reuse is con-
sidered as not viable [17]. A water de-
salination technology could be consid-
ered as a viable one when the produced 
solids are recovered as valuable salt 
byproducts or when the amount of 
wastewater formation is at minimum 
possible level [18].  

But while designing low-waste wa-
ter treatment plants the following prob-
lems occur [19]: 

• absence of serial equipment for 
production of solids (the absence of 
brine crystallizers for sedimentation  
of substances with low solubility; ab-
sence of reactors that allow to recover 
separate components from produced 
solids; absence of regulating and shut-
off valves for corrosive-active agents); 

• absence of serial equipment for deep concentrating of wastewaters; 
• absence of technologies of recovering valuable salt byproducts from waste; 
• absence of systems of automatic control and analysis of zero liquid dis-

charge technologies. 
In recent years membrane desalination technologies has emerged as the most 

viable solution to environmental impact reduction [20, 21]. The possibility of 
dissolved solids and organic impurities removal with almost no chemicals added 
predetermines the current interest to the use of these technologies for water de-
salination on thermal and nuclear power plants in the Republic of Belarus [22].  

Of the many available desalination technologies, two membrane processes – 
reverse osmosis and electrodialysis – are most widely used in power enginee- 
ring [23]. Such widespread use would not have been possible without the ad-
vances made in membrane technology over the last decades. Depending on the 
nature of driving forces applied, ion exchange membranes (cationite, anionite, 
bipolar)  let  through the water  but retains  the  salt and other  impurities  or  vice  

Fig. 3. Schematic of a multiple effect of the 
desalination plant (the first stage  

is at the top): the pink areas – vapor;  
the lighter blue areas – liquid feed water;  

dark turquoise – condensate;  
F – feed water in; S – heating steam in;  
C – heating steam out; W – fresh water  

(condensate) out; R – brine out;  
O – coolant in; P – coolant out;  

VC – the last-stage cooler 
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versa. In particular, by applying a pressure difference (reverse osmosis), the 
permeating component(s), in most applications nearly exclusively water, are 
forced through the semi-permeable membrane while all ions are rejected to the 
maximum extent [24]. However, when applying an electric potential as the dri- 
ving force to remove dissolved ions, ion exchange membranes selectively permit 
the transport of counter ions but prevent the passage of co-ions.  

The positive aspect of membrane technologies application is almost complete 
automation of the chemical water treatment system and 3–4 times reduction the 
costs of traditional chemicals use (acid, alkali, salt), qualitative change of waste 
water chemical composition [20, 25]. 

The experience of operation of reverse osmosis installations shows that  
the main factor that affects the satisfactory performance of the membrane is the 
observance of the norms of quality of raw water supplied to the installation [26]. 
The analysis manufacturers’ requirements shows that there is virtually no re-
strictions to total dissolved solids in fresh water to be treated in reverse osmosis 
units. The units can operate in a wide range of pH too. Only the content of the 
substances that can cause poisoning or clogging of the membranes are limi- 
ted [20]. However, RO, although much more energy efficient than thermal evap-
oration, can be applied only to feedwaters with a limited salinity range. 

Electrodialysis (fig. 4) is another membrane-based process but it is worth  
applying only to feedwaters with a high salinity (1.5–15.0 g/l). That is why elec-
trodialysis is widely applied in sea water desalination and industrial wastewater 
management [27, 28]. 

 

 
 

Fig. 4. The scheme of ion separation in membrane bundle: CM – cation exchange membrane;  
D – diluate chamber; e1, e2 – electrode chambers; AM – anion exchange membrane;  

K – concentrate chamber 



K. D. Rymasheuskaya 
Тhe Improvement of Low-Waste Technologies of Working Body of Water Preparation…         373 
 

 

 

Electrodialysis applies an electric potential as the driving force to remove 
dissolved ions through ion exchange membranes. In contrast to RO membranes 
that reject all ions, ion exchange membranes selectively permit the transport of 
counter-ions but prevent the passage of co-ions [29].  

The amount of energy consumption depends both on the feed water quality, 
which is mainly characterized by its total dissolved solids content (TDS value), 
and on the membrane quality. Electrodialysis membranes must meet the follo- 
wing requirements [30]: 

• high selectivity; 
• low permeability for water; 
• conductivity; 
• high chemical stability.  
The development and practical application of technological schemes of the 

most dangerous for hydrosphere acidic and alkaline wastewaters treatment is the 
possible way of  reducing the negative impact of thermal and nuclear power 
plants on the hydrosphere too [31, 32]. The most promising way of extracting 
acids and alkali from such wastewaters is the development and practical applica-
tion of electrodialysis units. 

Considering the bipolar membrane electrodialysis unit as a black box, it al-
lows to produce an acid and a base from a neutral salt feed stream (fig. 4). Bipo-
lar membrane electrodialysis can become interesting if either the acid or the base 
is the desired product [33]. 

Promising applications have been investigated in acid and base production, 
in the acidification of product streams, or for special separations, such as the 
separation of amino-acids on the basis of their isoelectric points [34]. The eco-
nomically most interesting applications can reduce side products or achieve pro-
cess schemes not possible before [35]. As an example, sodium lactate from  
a fermentation step can be converted into lactic acid by bipolar membrane elec-
trodialysis [36]. The side product, sodium hydroxide, can be used to control  
the fermentation reaction. Designing bipolar membrane, electrodialysis provides 
increasing prospects for its economic feasibility, however, it also increases  
the complexity and challenges that have to be met.  

However, there are some difficulties when using electrodialysis units for 
wastewater treatment. The reasons of these difficulties are [37]: 

• high salinity of water to be treated that results in high current density; it can 
cause membranes burnout in case of irregular operation of membrane cells; 

• high organic impurities and iron compounds content in waste water that can 
result in membrane poisoning; 

• diffusion and electroosmotic processes when the salinity difference be-
tween concentrate chambers and dilute chambers is high; 

• the possibility of insoluble compounds formation on membranes’ surfaces. 
Electrodeionization uses the water purification benefits of ion exchange resin 

while eliminating the disadvantages of chemical regeneration, which is done by 
combining ion exchange resin with electrodialysis. The elements required for the 
electrodialysis (EDI) process consist of ion selective cation and anion mem-
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branes, electrodes, concentrate chambers, dilute chambers and direct (DC) cur-
rent. The result is electrodeionization, which is a continuous, chemical-free sys-
tem which generates high resistivity water. However, some problems can occur 
inside the electrodeionization modules when operating requirements aren’t met: 

• irreversible scaling in the concentrate chamber when recovery rate and feed 
water quality isn’t be controlled strictly (recovery rate is determined by the feed 
water total hardness); 

• severe and irreversible module damage when feed water specifications isn’t 
strictly adhered to; 

• buildup when gases (hydrogen, oxygen, chlorine) from water electrolysis 
been produced at the electrodes and carried away in the electrode flush and con-
centrate stream aren’t vented; 

• poor EDI performance and/or irreversible scaling in the concentrating 
chambers due to polymerization of silica when influent silica levels are high. 

Other desalination technologies are used less widely due to their rudimentary 
development and/or higher cost. However, there is no single desalination tech-
nology that is considered “best” for all uses. The selection of the most approp- 
riate technology depends on the composition of the feed water (prior to desali- 
nation), the desired quality of the product water, and many other site-specific 
factors. 

The proper choice of a desalination technology to be applied will depend on 
the feed water quality, which is mainly characterized by its total dissolved solids 
content (TDS value). The treated water quality requires so that the costs and  
environmental impact of the desalination technology applied must be mini- 
mized [36, 38, 39]. 

 
CONCLUSIONS 

 
1. In the present work the main directions of water desalination technologies 

improving are analyzed. The comparative analysis of desalination technologies 
for the design of low-waste water treatment is carried out. The comparative 
evaluation of ecological efficiency of ion exchange and membrane desalination 
schemes of water desalination on thermal and nuclear power plants is obtained.  

2. The results of research can be applied for the design of new and the mod-
ernization of existing water treatment plants of thermal power plants. It will al-
low to considerably reduce the use of natural water and the amount of chemicals 
added as well as the volume of wastewater and the concentration of dissolved 
solids in it. It will help to reduce the negative impact of thermal power plants on 
the hydrosphere. 
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