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The need for water treatment at thermal power plants remains one of the most important aspects in the energy sector. Water is
the main source of energy for energy companies. Therefore, very high demands are placed on its chemical composition. The quality
of the water supplied to the system has a major impact on its operation. Hard water is a serious problem for steam and gas boiler houses,
as well as for steam turbines at thermal power plants that provide heat and hot water. Water hardness creates problems that significantly
affect the performance of boilers and boilers, and negatively affect their productivity. Scale builds up on the walls of the equipment,
causing excessive levels of magnesium and calcium cations. To improve the performance characteristics and operating time, it is
important to use water of high purity, which is the main problem of using steam generation systems.

The main modern methods of water treatment for the needs of thermal power plants are considered: evaporation, reverse osmosis,
and electrodialysis.

Evaporation is based on the use of cooling towers. In general use in buildings, cooling towers are connected to water-cooled central
chillers that provide cooling for the building. In water-cooled plants, water from the condenser absorbs heat from the chillers and then
transfers it to the cooling towers, where it is exposed to the outside air.

The advantages of reverse osmosis are versatility, the ability to purify water from ionic and organic contaminants, high molecular
weight compounds, suspensions, bacteria and other impurities simultaneously. The flow of filtrate is directly proportional to the surface
area of the membrane and inversely proportional to its thickness.

Electrodialysis (ED) is an established technology for treating industrial wastewater, brackish water, municipal wastewater and is
used in the pharmaceutical and food industries, chemical processes, table salt production, electronics, biotechnology, heavy metal
removal, and acid and alkali production due to its ability to remove ionic and non-ionic components under the influence of an electric
current. This was due to the development of IEMs with improved electrochemical and physicochemical characteristics. Key words:
thermal power plant, hard water, evaporation, reverse osmosis, electrodialysis.

CyuacHi MeToaM niAroToBKYU rn6oko3necos1enoi Boau 1isi norped TEC. Exonoriuni acnextu. ®eagenxo F0.M., [linenxo /1.B.,
Bypmak A.Il.

HeoOxinnicTs BomomiaroroBku Boau Ha TEC 3anumiaeTsesi OJHUM 3 HAHBaKIMBIIIMX acleKTiB B eHepreTHili. Boma mis mignpu-
€MCTB €HEPreTHKH — 11€ OCHOBHE JpKepenio ix podoru. Tomy 1o if XiMiUHOTo CKJ1aJy BUCYBAIOTHCS JIy’Ke BUCOKi BUMOTH. SIKiCTb BOIIH,
sIKa TIOJJA€ThCSI B CHCTEMY, JyXe CHIIbHO BIUIMBAe Ha 1 poboty. JKopcTka Boma — € cepio3HOI0 IPOoOIeMOro JUTs TapOBUX Ta Ta30BHX
KOTEJIeHb, a TaKoXK A1 mapoBux TypOiH TEC, siki 3a0e31edyioTh TeIIoM Ta rapsidoio Bojoko. JKopCcTKiCTh BOAM CTBOPIOE MPpodIeMH,
110 CYTTEBO BIUIMBAIOTH Ha MPOAYKTHUBHICTH KOTEICHb Ta KOTJIIB, @ HETaTUBHO BIUIMBAIOTH HA X MpOAYKTHBHICT. Ha cTiHkax obnaj-
HaHHS YTBOPIOEThCS HAKHI SIKMH BUKJIMKAE HAJIMIIKOBUI BMICT KaTiOHIB MarHito Ta Kanbllifo. [ MOKpaIleHHs XapaKTePUCTHK
MIPOAYKTUBHOCTI Ta Yacy eKCIUTyaTallii akTyaJlbHO BUKOPHUCTOBYBATH BOAY IIiJIBUILEHOI YHCTOTH, 1110 i € OCHOBHOIO ITPOOJIEMOI0 BHKO-
PHCTaHHS CHCTEM NTapOyTBOPECHHSL.

Po3rmnsHyTO OCHOBHI cy4acHi MeToau Bopomiarotoku 1t notped TELL: eBamopaitiro, 380pOoTHHI 0CMOC, €IEKTPOIIai3.

EBanopattist mojisrae y 3acToCyBaHHI IpagupeHb. Y 3aralbHOMY 3aCTOCYBAHHI B Oy/AiBIISIX IPaJUPHI i JKII0YAIOTHCS [0 LCHTPAIb-
HUX OXOJIOJKYBAuiB 3 BOJSHHMM OXOJIO/KEHHSM, sIKi 3a0€3IeuyloTh OXOJO/[KeHHs OymiBmi. Ha 3aBomax 3 BOASHMM OXOJIOMKEHHSIM
BOZIa 3 KOHJICHCATOPa MONIMHAE TEIUIO BiJ] XOJIOIMIGHIX YCTAHOBOK, a ITOTIM IIepe/iac HOro B rpaiupHi, e I BoJia MiIA€ThCs BILIUBY
30BHIITHBOTO MOBITPA.

[IepeBaru 3BOpOTHOTO OCMOCY — YHIBEPCAIbHICTh, MOXKIUBICTh OUMIIEHHS BOAWU OHOYACHO BiJl I0HHUX 1 OpraHi4HUX 3a0pyAHEHb,
BHCOKOMOJIEKYJSIDHHX CIOJYK, CyCHeH3il, 6akTepii Ta iHIMX nomimiok. [1oTik ¢inapTpary mpsiMo MpOMOPLiiHUIA IUIONII MOBEpXHI
MeMOpaHH Ta 00epHEHO MPOIOPIIITHUH 1T TOBIIVHI.

Enexrponianiz (ED) € ycraneHOr TEXHOJNOTi€0 0OpOOKH MPOMHUCIOBHX CTIYHHUX BOJ, COJOHYBATY BOIY, MyHIIMMAIBHI CTiYHI
BOJIY Ta BUKOPHUCTOBYIOTHCS B (papMalieBTHYHIN Ta Xap4oBiii MPOMHUCIOBOCTI, XIMIYHUX MpOIecax, BUPOOHHUITBI KyXOHHOI COJIi, €1eK-
TPOHIIli, 610TEXHOJIOTIAX, BUAATICHH] BKKUX METAJIIB, & TAKO)K BUPOOHHIITBI KKCIIOT 1 JIYTiB 3aBISKH CBOTH 3MaTHOCTI BUAAIATH 10HHI
Ta HEIOHHI KOMIIOHEHTH MiJ Ai€lo enekTpuyHuil cTpyM. Lle Oyno 3ymoBieHo po3podkoro IEM 3 mokpaimeHnMu eneKTpoXiMidyHIMHI
Ta (i3UKO-XIMIYHUMH XapaKTePUCTUKaMHU. Krouosi cio6a: TEIIOCNEKTPOCTAHIIIs, )KOPCTKA BOJIA, BUIIAPOBYBAHHS, 3BOPOTHHI 0CMOC,
eJIEKTPOIiai3.

Introduction. The need for water treatment at high demands are placed on its chemical composition.
thermal power plants (TPPs) remains one of the most The quality of the water supplied to the system has a
important aspects in the energy sector. Water is the main  major impact on its operation. Hard water is a serious
source of energy for energy companies. Therefore, very problem for steam and gas boiler houses, as well as for
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steam turbines at thermal power plants that provide heat
and hot water [1].

Water hardness creates problems that significantly
affect the performance of boilers and boilers, and nega-
tively affect their productivity. Scale builds up on the walls
of the equipment, causing excessive levels of magnesium
and calcium cations. To improve performance and operat-
ing time, it is important to use high-purity water, which is
the main problem with steam generation systems.

To study the problem in detail, it is necessary to
understand where scale comes from and how it affects
equipment.

The first negative impact becomes apparent after the
first few hours of using untreated water. A thin film-like
layer, like limescale, forms on the walls and significantly
impairs heat transfer. First of all, this is a negative conse-
quence for electric heat exchangers because due to poor
heat removal from the heat exchanger, the automatic
overheating protection system can be triggered, and the
heat exchanger will be shut down [2,3].

The second problem is the difficulty of descaling the
equipment. There are two methods of equipment clean-
ing. The first is mechanical. The second is chemical [4].

Both methods have both positive and negative conse-
quences for the equipment.

On the positive side, the equipment and its surface
are restored to their original condition and the produc-
tivity and efficiency of the equipment is restored for a
while. The negative consequence is that even the mildest
mechanical or chemical cleaning of the equipment sig-
nificantly damages its surface. Micro-cracks are formed
that become centers of scale growth, and the surface of
metal equipment is also significantly deteriorated, which
leads to corrosion. These negative consequences are
why it is necessary to use softened water [5,6].

To ensure trouble-free, efficient and long-term oper-
ation of equipment, companies need to use water treat-
ment systems.

Review of modern methods of deeply desalinated
water treatment for the needs of TPPs

Evaporation. In common building applications, cool-
ing towers are connected to water-cooled central chillers
that provide cooling for the building. In water-cooled
plants, water from the condenser absorbs heat from
the chillers and then transfers it to the cooling towers,
where it is exposed to the outside air. Some of the water
from the condenser evaporates; the rest is returned to the
chiller to repeat the cooling process. Since evaporation
is a heat absorption process, the water returning from
the condenser is colder than the water supplied from the
condenser to the cooling tower [7-10].

The water that evaporates in the condenser must be
replaced with cooling tower makeup water, which usu-
ally comes from the cooling tower basin using a float
valve similar in concept to the float valves in older toilet
models. Cooling tower makeup water is usually supplied
from the municipal drinking water supply and increases
the building’s water consumption [11-12].

The continuous evaporation of the condenser
water from the condenser water side in the cooling
cycle also has another effect: since only pure water
evaporates, it leaves behind any mineral content that
it carried when it entered the condenser water system.
Makeup water contains naturally occurring amounts
of mineral impurities (silica, calcium, magnesium,
chloride), so the water remaining in the condenser
will have increasing amounts of impurities as more
water evaporates. These impurities will eventually
precipitate (as water can only hold so much), resulting
in a solid precipitate [13-16].

Reverse osmosis. The advantages of reverse osmo-
sis are versatility, the ability to purify water from ionic
and organic contaminants, high molecular weight com-
pounds, suspensions, bacteria and other impurities simul-
taneously. The flow of filtrate is directly proportional to
the surface area of the membrane and inversely propor-
tional to its thickness. Consequently, when designing a
reverse osmosis plant, it is necessary to choose a mem-
brane with the maximum possible area and minimum
possible thickness per unit volume of the plant [17].

The reliability of the plants is supposed to be
increased by redundancy of equipment by substitution,
providing for its multifunctional use, optimization of the
number of filter modules in a separate section, as well as
by increasing the reliability of filter elements and equip-
ping with a high-speed search system for a failed module
or element. Reverse osmosis processes use acetate cellu-
lose and other polymeric membranes, including charged
ones. This creates variability of the technology for any
pH of the environment, as well as the ionic composition
of water [18].

The main advantages of reverse osmosis desali-
nation compared to distillation include operation of
plants at normal temperature; lower energy consump-
tion (approximately 2 times); no “thermal pollution” of
the environment; no (or little) corrosion; relatively easy
achievement of the desired water quality; low capital
costs for small capacity plants, no restrictions on the
location of plants; no need for further treatment of the
resulting water.

In addition to independent use, the reverse osmo-
sis process is well combined with traditional methods
of separation (ion exchange, rectification, adsorption,
extraction, electrodialysis), which opens wide oppor-
tunities for creating fundamentally new, simple and
low-energy technological processes and industries with
a closed water cycle [19].

Reverse osmosis is one of the most used membrane
separation methods. It is widely used for desalination
(demineralization) of all types of water in plants of var-
ious capacities.

Nanofiltration is a membrane process similar to
reverse osmosis. The difference is selectivity for multi-
and single-charged ions, as well as for organic sub-
stances. Thus, while reverse osmosis membranes have
high selectivity for all ions, nanofiltration membranes
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are highly selective for calcium, magnesium, sulfate
ions and other multicharged ions, but relatively perme-
able to single-charged ions such as sodium, potassium,
chloride, nitrate, etc.

The phenomenon of osmosis can be observed if pure
water and a solution are placed in a closed vessel on
opposite sides of a semipermeable membrane that allows
only water molecules to pass through. Under such condi-
tions, water molecules will penetrate the solution, reduc-
ing its concentration. Due to the closed nature of the ves-
sel, the pressure in the solution zone will increase, and in
the pure water zone it will decrease.

This will continue until the resulting pressure differ-
ence compensates for the energy benefits of diluting the
solution. The system will come to a state of equilibrium.
The difference in pressure (height of the liquid columns)
in the two zones is called the osmotic pressure of the
solution [19-20].

Electrodialysis. Electrodialysis (ED) is an estab-
lished technology for treating industrial wastewater,
brackish water, and municipal wastewater and is used
in the pharmaceutical and food industries, chemical pro-
cesses, table salt production, electronics, biotechnology,
heavy metal removal, and acid and alkali production due
to its ability to remove ionic and non-ionic components
under the influence of an electric current. This was due
to the development of IEMs with improved electrochem-
ical and physicochemical characteristics [21].

The main advantages of ED are higher water recov-
ery rates compared to RO, ease of operation, long mem-
brane life, operation at high temperatures, and, unlike
RO, it does not require significant pre- or post-treatment.

0

In addition, it can selectively separate monovalent ions
(e.g., NO;y, CI, NH,, K*, Na*) from multivalent ions
(e.g., PO, SO,>, Mg*, Ca*) to produce irrigation
water, using monovalent permeation-selective IEM.
Researchers have reviewed the basic principles of ED
in their articles [9, 10], and this has led to significant
advances (e.g., electrodeionization EDI). Furthermore,
due to the flexibility of the ED process, which can fol-
low the oscillatory behavior of photovoltaic (PV) power
generation, it has established a photovoltaic (PV)-ED
coupling system. Despite this, many ED developments
are still on the laboratory scale. In addition, the global
installed capacity of desalination is only 4 %.

The voltage applied between the cathode and anode
electrodes passing through the IEM is used inside the
ED cell to separate charged particles (i.e., ions) from
uncharged substances and aqueous solution. Thus, ED is
established as an electrical process. Inside the ED stack,
there are several anion exchange membranes (AEMs)
and cation exchange membranes (CEMs) placed
between the cathode and anode electrodes [22].

A spacer is used inside the ED stack to separate the
IEMs and create compartments for concentration and
dilution. The electrodes are semi-separated by parallel
membranes. The membranes work as a barrier to nutrient
migration, preventing or allowing ions to pass according
to their electrical charge. The electrolyte solution cir-
culates through the electrode compartments, which are
called electrode washing compartments [23].

Electro-dialyzers use chemically resistant electrodes
made of platinum titanium, ORTA (ruthenium oxide tita-
nium anodes), and less often alloy steel or graphite [24].
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Fig. 1. Scheme of the electrodialysis process
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