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IMPROVEMENT OF ENVIRONMENTAL CONDITIONS
BY APPLYING HEAT RECOVERY TECHNOLOGIES OF BOILER PLANTS

Purpose. Analysis of the effectiveness of using methods of heat and humidity treatment of flue gases to improve the opera-
tional modes of chimneys for heating gas-consuming boiler plants with heat recovery systems.

Methodology. The known normative methods of thermal calculation of boiler plants and methods of dispersion of pollutants
emitted by chimneys of these plants were used. To determine the thermal and moisture parameters of flue gases during their deep
cooling, an original method developed at the Institute of Engineering Thermophysics of the National Academy of Sciences of
Ukraine was used.

Findings. The efficiency of applying the proposed thermal methods to improve environmental conditions and magnification of
the operational reliability of chimneys of boiler plants equipped with systems for deep heat recovery of exhaust gases has been
studied. The methods which are usually used in boiler-houses to prevent condensate formation in chimneys were considered.
A decrease in the maximum ground-level concentration of nitrogen oxides and carbon monoxide emissions was determined when
using these methods. A comparative analysis of the effectiveness of the proposed methods for brick and metal chimneys in different
modes of operation of heating boiler plants has been carried out. It is shown that these methods allow improving significantly (up
to 32 %) the indicators of ecological efficiency of chimneys in conditions of 5—8 % reduction of fuel use in boilers.

Originality. For the first time to improve the environmental performance of chimneys of boiler plants with deep heat recovery
systems of flue gases has been justified the use of thermal methods of their heat and moisture treatment.

Practical value. The possibility of using the results of the work in the design of heat recovery systems for gas-consuming heating
boilers.

Keywords: heat recovery systems, methods of heat and humidity treatment, flue gases, harmful emissions, ecological efficiency

Introduction. Modern trends in the use of fuel-consuming
thermal power plants are largely related to the need to reduce
fuel consumption in these units, that is, to increase their effi-
ciency or the coefficient of the use of fuel heat. This reduction
is usually realized through the use of various heat recovery
technologies [1—35]. In work [1], it was proposed to use the heat
of waste flue gases from boilers to heat water and evaluated the
economic efficiency of this solution. Scientific publication [2]
is devoted to the methodology of recovered of waste heat of
various fuel-consuming technological installations used in in-
dustry. The work [3] considers the issues of increasing the ef-
ficiency of fuel use in heat-exchange elements of nuclear power
plants applying the exergy approach methods. In the work [4]
the results of exergy and exergy-economic analysis for the ele-
ments of power plants, the efficiency of which is evaluated at
different ambient temperatures, are presented. In the works by
Yefimov [5], approaches to improve and optimize the equip-
ment of deep heat recovery systems of water-heating and steam
boilers of municipal heat-power engineering are proposed. The
use of heat recovery technologies, in addition to the positive
effect of decreasing fuel consumption, quite often leads to neg-
ative deviations of the actual modes of operation of chimneys
compared to regulatory requirements. The indicated deviations
also occur when the heat load of thermal power plants is re-
duced compared to the design values. These deviations have
both positive consequences (decrease in temperature of ex-
haust gases and volume of harmful emissions) and negative
consequences (violation of chimney operation modes in terms
of safety of their operation and dispersion of pollutants in the
environment). Corrosive destruction of chimneys also belongs
to the negative consequences. Particularly in boiler plants, this
destruction is caused by condensation due to a decrease in the
temperature of the inner surface of chimneys below the dew
point of water vapor that the flue gases contain [6, 7].

© Fialko N. M., Navrodska R. O., Shevchuk S.1I., Stepanova A. 1., 2021

Metal chimneys experience the greatest corrosive effects
due to the deeper cooling of flue gases in them [6], which
causes more intense condensation on the inner surfaces of the
pipe. Brick chimneys also experience corrosive wear of their
body during condensation [7]. Given this, condensation is
considered to be an inhibiting factor for the widespread intro-
duction of efficient heat recovery technologies with deep cool-
ing of exhaust gases and useful use of the condensation heat of
water vapor contained in these gases. To prevent condensation
formation on the inner surfaces of the gas outlet channels, spe-
cial thermal methods are used. Among these methods, a num-
ber of methods related to heat and humidity treatment of flue
gases after their heat recovery particularly stands out [8, 9].
The implementation of these methods consists in changing the
thermal and humidity state of these gases, namely increasing
their temperature and decreasing their absolute or relative hu-
midity by applying three methods. These methods are imple-
mented bypassing a certain part of the flue gases from the
boiler by the bypass gas duct past the heat recovery equipment;
adding heated air to the exhaust gases after cooling and heating
the cooled gases in a special heat exchanger (gas preheater)
installed behind the specified equipment. It should be noted
that thermal methods are effective in the case of deep cooling
of flue gases during their heat recovery, that is, when the tem-
perature of flue gases at the outlet of the heat exchanger de-
creases below the dew point of water vapor contained in these
gases.

If the bypass method is used, the temperature of the flue
gases at the inlet to the chimney increases and their moisture
content increases compared to the flue gases after the heat
recovery unit. The method of heating gases serves to increase
the temperature of gases cooled in a heat exchanger before
entering the chimney at a constant moisture content of these
gases. Application of the method for adding dry and heated
air to the flue gases after the heat recovery unit provides both
an increase in the temperature of these gases before the
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chimney and a decrease in their moisture content. The ap-
plied methods can simultaneously serve to improve the envi-
ronmental performance of chimneys, since they increase the
temperature and velocity of flue gases at the exit from the
chimney orifice. These characteristics significantly affect the
conditions of dispersion in the environment of harmful
emissions from fuel combustion. That is, the application of
these thermal methods will serve to improve environmental
conditions.

The purpose of the research is to analyze the efficiency of
using methods of heat and moisture treatment of exhaust gases
after their cooling to improve the operating modes of chim-
neys for gas-consuming heating boiler plants with heat recov-
ery systems.

Methods. The implementation of computational studies
was mainly based on the use of normative methods of thermal
calculation of boiler plants [10] and the methodology (Seve-
rin L. I., Petruk V. G., Bezvoziuk I. 1., Vasylkivskyi 1. V., 2012)
of dispersion in the ground-level layer of pollutants emitted by
the chimneys of these plants. To determine the thermal and
humidity indicators of exhaust gases during their deep cooling,
an original technique developed at the Institute of Engineering
Thermophysics of the National Academy of Sciences of
Ukraine was used. This technique is based on taking into ac-
count the effect of steam condensation from flue gases in heat
recovery equipment.

When developing this technique, the results of our own ex-
perimental studies were used in conditions of deep cooling of
the exhaust flue gases of gas-consuming boiler plants in bun-
dles of finned bimetallic pipes (steel base and aluminum fins).

The work considered the methods of heat and humidity
treatment of exhaust gases cooled in the process of heat recov-
ery. These methods, as noted, are used in modern heat recov-
ery technologies of boiler plants for the purpose of anticorro-
sive protection of chimneys. The influence of these methods
on the improvement of the ecological modes of operation of
chimneys is realized due to an increase in their temperature,
and, consequently, the speed in the chimney. Schematic dia-
grams of boiler plants with water-heating recovery exchanger
for waste gases are shown in Fig. 1.

The red line in the diagrams shows the implementation of
the method of bypassing part of the hot flue gases from the
boiler into its exhaust gas duct in front of the chimney past the
heat recovery equipment. The brown line in the figure corre-

_1\ /g 'T‘to lgumer
\ J | AV heated air
I —>
[ <—cold air

to consumer
Lad

direct water from |
the boiler Y | 3’4 ‘ 2

L

3 3 s 4
NN ALE 1y
| \/ —> !/!
? l’_’condensa e
=T outlet
< ret<urn heat-net,v<vork water

—— I — —>
j ) flue gases

Fig. 1. Schemes of implementation of thermal methods of heat
and humidity treatment of exhaust gases after heat recovery
before they enter the chimney:

— bypassing a part of the boiler exhaust gases past the heat
recovery unit; — adding heated air to the flue gases after the
heat recovery unit; — heating of cooled exhaust gases in the gas
preheater; 1 — boiler; 2 — chimney,; 3 — water-heating recovery ex-
changer; 4 — gas preheater; 5 — control valve; 6 — boiler air heater

sponds to the application of the heating method in the heat
exchanger-gas preheater by the value Ar of the exhaust gases
cooled in the heat exchanger. The green line in the diagram
indicates the method of adding (mixing) the share o of heated
air from the boiler air heater to the cooled gases in front of the
chimney. The mentioned thermal methods in the application
of heat recovery technologies with deep cooling of flue gases
will serve both for corrosion protection of chimneys and im-
provement of environmental conditions.

The studies were carried out in compliance with the design
values of the heat output of boiler houses for a water-heating
boiler plant with a boiler BSHW-2.0G (steel hot water gas
boiler with a capacity of 2 MW). The application of traditional
heat recovery systems with heat recovery exchangers designed
for heating return heat-network water was considered. The use
of these heat exchangers makes it possible to increase the boil-
er efficiency by 5-8 %. This equipment is assembled from
bundles of finned bimetallic pipes (aluminum fins and steel
base). The bundles used steel pipes with an inner diameter of
25 mm and a thickness of 2.5 mm. The thickness of the alumi-
num on the steel pipe, the finning height and the fin spacing
were 2.0, 11, and 3.5 mm respectively.

The boiler modes corresponded to the heating network
schedule of the boiler house with a temperature differential
At, =115-70 °C. The temperature of the exhaust flue gases be-
hind the boiler in the nominal mode was 166 °C. The tempera-
ture of the mixed air was taken equal to 150 °C. The levels of
hot gas bypass y, air mixing ¢ and heating of cooled gases in
the gas heater Az corresponded to the practical range of values
required to prevent condensation in the chimneys [8].

Metal and brick chimneys with a height of 45 m and an
inner diameter of 0.8 m were considered. The regime param-
eters of flue gases (velocity and temperature) at the outlet from
the orifice of the chimney were determined. The levels of max-
imum ground-level concentrations of the most harmful emis-
sions of gas-consuming boiler plants, such as carbon monox-
ide CO and nitrogen oxides NO,, were calculated. The calcu-
lations were performed for single chimneys.

The maximum ground-level concentrations of harmful
emissions in the surrounding space of the chimney were deter-
mined in accordance with the methodological recommenda-
tions

_ AMFmm 0
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where A is a coefficient depending on the temperature gradient
of the atmosphere; M is the estimated mass of a hazardous
substance that is emitted into the atmosphere per unit time,
coefficient F, which takes into account the sedimentation rate
of harmful substances in the atmosphere for gases; 1 is the co-
efficient of terrain influence, m and n are calculated dimen-
sionless coeflicients, taking into account the conditions for the
exit of flue gases from the pipe orifice; H is chimney height, m;
V is the volume flow of waste gases; At is the difference be-
tween the temperature of the flue gases from the chimney
mouth 7,; and the ambient temperature ?,,,,,.

When performing computational studies for the condi-
tions under consideration, coefficient A was taken as the max-
imum value of 200. Coefficients F and n were taken equal to
one, coefficients m = 0.98—1.23 and n = 1.14-1.87; pipe height
H = =45 m. The values of calculated emission masses of ni-
trogen oxides M N% and carbon monoxide M<° were calcu-
lated at maximum allowable values of the content of these
harmful substances in flue gases 250 and 100 mg/m? respec-
tively. These values were pNO. =1.06—0.31 and M =
=0.42-0.12 g/s; waste gas volume flow V and the difference #
varied depending on the boiler output and the conditions of
each method. Their values were V'=5.7-1.4 m*/s and ¢ = 40—
140 °C.

Based on the values of the determined ground-level con-

. . . NO
centrations, the relative decrease in Crce,O and C,;~ concen-
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trations of harmful emissions under the conditions of applying
the methods C,, compared to the situation without their ap-
plication C, were calculated

O =(eXos —epo-) [eXo- 100 %;
(ceo-cse) /e 100%.

Results. Computational studies of operating parameters
(temperature #,,; and velocity W,,; of flue gases at the outlet
from the chimney mouth) were carried out depending on the
relative heating capacity of the boiler Q, for the two types of
considered chimneys. The results of the corresponding calcu-
lations are shown in Table 1 and in Fig. 2.

The obtained results showed that the value of flue gas ve-
locity W, varies for the considered methods, depending on
the operating characteristics of the boiler in the range from 2.9
to 14 m/s. These speeds increase monotonically with increas-
ing relative boiler output Q,, but do not significantly depend
on the method used and its parameters. For the method for
adding air, the calculated velocity values were slightly higher
due to the increase in the volume of flue gases in the chimney
by a share o of the heated air being added.

The flue gas temperature values 7, at the outlet from the
chimney orifice changed more significantly than the velocity
W,,.. As can be seen from Fig. 2, a (Fig. 1, red line), the tem-
perature ¢, increase with increasing relative boiler capacity Q,
and parts y of bypassing exhaust gases past the heat recovery
equipment. Moreover, the influence of the boiler output is
more significant than the volume of bypassing hot gases from
the boiler. Parts of bypassing correspond to practical values
when using the considered thermal method for anticorrosive
protection of chimneys. The results indicate that the larger this
part is, the stronger the stratification of the curves #,,;,=f(0,) is,
especially for a metal pipe, which corresponds to higher values
of y than for a brick one.

Thus, the use of the thermal bypass method, all other
things being equal, improves the operating parameters of the
chimney to improve the conditions for the dispersion of harm-
ful substances in the environment.

CCO

rel

Table 1

The ranges of flue gas velocity change W,,; at the outlet of the
orifice for the applied thermal methods

The study on application efficiency of the cooled exhaust
gases heating method in a heat exchanger-gas preheater
(Figs. 2, b and 1, brown line) evidences the same tendencies.
However, the obtained calculated values of temperatures at the
chimney orifice 7,,; for the heating method are slightly higher
compared to the bypass method. This circumstance testifies to
the high efficiency of the application of the cooled exhaust gas
heating method in terms of improving the environmental per-
formance of chimneys at the indicated levels of gas heating.
However, the application of the exhaust gas heating method
requires capital expenditures for the installation of a heat ex-
changer-gas preheater in the heat recovery system.

The results of studies on the method of adding heated air
to the flue gases cooled in a heat exchanger (Figs. 2, ¢ and 1,
green line) also indicate its effectiveness for use to improve the
conditions for the dispersion of harmful substances contained
in the flue gases of the considered boiler installations. How-
ever, the applied shares o of air mixing, which are in the practi-
cal range necessary for anticorrosion protection of chimneys,
are small. Therefore, the temperatures #,,; of flue gases at the
outlet from the orifice are lower in comparison with the two
methods described above.

It is pertinent to note that the application of the method
for adding heated air is limited in practice, as a rule, due to the
absence of air heaters in municipal boiler plants of small and
medium capacity. The use of air heated in the heat recovery
system, on the other hand, requires the use of a set of thermal
methods: heating of flue gases and air mixing. Under these
conditions, to implement a set of methods it is necessary to
install in the heat recovery system a gas preheater and a special
heat exchanger for air heating [9].

It should be noted that, according to the research results
for all operating modes of the boiler plant and the applied
thermal methods, the temperatures 7, and the velocity W,,; of
flue gases at the outlet from the orifice are higher for a bI‘le
chimney compared to a metal chimney (z,, by 3-15 %; W, b
0.5-0.8 %). This is due to the intense cooling of flue gases m
the metal pipe due to the low thermal insulation properties of
its shell.

Fig. 3 shows the results of calculations of the relative values
of the decrease in the maximum ground-level concentrations
of nitrogen oxide emissions C> and carbon monoxide CS°
when using the considered thermal methods.

The analysis of the results also indicates that the general
trend for all considered thermal methods and chimneys is an

Val increase in the level of relative decrease in the maximum
Thermal methods W? urfls/s ground-level concentrations of Ch>* and CS° emissions with
o an increase in the part of bypassing gases from the boiler 1y,
Gas bypassing 12.6-2.9 share of dry and hot air mixing ¢ and the level of heating of
Heating of gases in the gas preheater 12.9-2.9 cooled £ases gas preheater Ar. ) )
- - According to the results of performed calculation experi-
Adding heated air 14.0-2.9 ments it was found that under the considered conditions by the
to °C ' tor °C T to °C
-1 w2 -l =2
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Fig. 2. Dependence of the temperature t,,; of flue gases at the outlet from the orifice of brick (1—3) and metal (4—6) chimneys on the
relative heat output of the boiler Q, at application thermal methods of bypassing gases (a), heating gases in a gas preheater (b) and

adding heated air (c):
a—1,4—x=0%;2—y=

10%; 3— % =20%; 5— % =30%; 6— =50 %; b

—1,4—-At=0°C; 2—-Ar=10°C; 3—Ar=20°C; 5— Af=

=30°C;6-At=40°C;c—1,4—06=0%;2—0=8%;3,5—06=16%;6—5=20%
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Fig. 3. Dependence of the relative decrease in the values of the ground-level concentration of nitrogen emissions C>* and carbon
monoxide CSP at the outlet from the orifice of brick (1—2) and metal (3—4) chimneys on the relative heat output of the boiler Q,,
at application thermal methods of bypassing gases (a), heating gases in a gas preheater (b) and adding heated air (c):

a—1—y3=10%;2—y%=20%;3—%=30%;4—=50%;b—1—-At=10°C; 2, 3—At=20°C; 4—At=40°C;c— 1—0=8%;2,3—0oc=
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values of relative values of decrease in maximum ground-level
concentrations of harmful emissions of Ch>* and C €O de-
pending on the boiler mode, applied method and values of
parameters , ¢ and Af the environmental efficiency of chim-
neys of boiler plants increases within 3—22 % for a brick chim-
ney and by 4—32 % in case of using a metal chimney. That is,
all other things being equal, metal chimneys are characterized
by worsen operating modes relative to the levels of ground-
level concentrations of the investigated harmful emissions in
comparison with brick ones. This is due to the deeper cooling
of the flue gases in the metal pipe. Therefore, in order to im-
prove the environmental friendliness and reliability of metal
chimneys, it is necessary to apply structural improvements to
these pipes in terms of thermal insulation of their body, or to
increase the values of the parameters y, o and At.

The nature of the change in C>* and CS? is explained by
the influence of the absolute values of the calculated masses of
emissions of nitrogen oxides M N and carbon monoxide M
on the value of maximum ground-level concentrations of CNO
and CSO (1), as well as the difference Az between the tempera-
ture of the exhaust gases at the chimney mouth 7,,; and the tem-
perature environment #,,,,. With a decrease in the heat output of
the boiler Q,, the value of MN° and M®° of the indicated
emissions also decreases. This is due to a decrease in fuel con-
sumption as a result of a decrease in the heat output of the heat-
ing system with an increase in the ambient temperature 7,,,,,.

Regarding the change in the values of C5>* and CSP° with
an increase in the ambient temperature 7,,,, (Which corresponds
to a decrease in the relative heat output of the boiler Q,), the gas
bypassing method has differences when compared with the
other two methods. In the case of applying the methods for dry-
ing gases in the gas preheater and adding heated air, a mono-
tonic change in the relative values of the reduction in emissions
of nitrogen oxides and carbon monoxide CN = f Q,),

rel

C% = f(Q,) is observed depending on the boiler output Q,.

rel
Moreover, the maximum value of the reduction of these emis-
sions corresponds to the smallest of the considered values of
the boiler output (30 %). Dependences of CE,OX = f(Q,) and
C = f(Q,) atapplication of the method of flue gas bypassing
heat recovery exchangers have different character, namely:

NO . . . .
values of C.°+ and CCS° increase with decrease in boiler out-

re rel
put from noer[ninal value Q, = 0, to Q, = 0.60,, and then de-
crease in values of CrNe,O* and CSP with subsequent decrease in
boiler output Q, is observed. That is, when using the method
for bypassing the boiler exhaust gases past the heat recovery
exchanger, the considered values of the relative reductions of
harmful emissions C5> and CS° have maximum values in
the area of 60 % of the nominal boiler output. The bypass
method differs from the other two methods also in finding the
minimum values of C3> and CS° depending on Q,. Thus,
the minimum values of these values correspond to the smallest

boiler output (30 %) with the flue gas bypassing method. For
the methods for heating flue gases and adding heated air, the
maximum values correspond to the nominal boiler output Q,.
This fact is explained by the fact that when implementing the
method of flue gases bypass when the boiler output decreases
below 60 % there is a predominant influence on the value of
the Ch> and CSP values, reduction of flue gas temperature
behind the boiler and hence the difference 7 between the flue
gas temperature 7,; and ambient temperature 7,,,,. Under these
conditions, the addition of colder bypass gases from the boiler
to the flue gases after heat recovery takes place. This difference
when applying the flue gas bypass method, starting from the
value of relative boiler output of 60 % and further reducing it,
decreases significantly more rapidly compared to the other two
methods.

Based on the results of computational studies, a compari-
son was made of the effectiveness of the three considered ther-
mal methods to improve the operating modes of chimneys
from the point of view of improving environmental conditions.
Analysis of the results shows that these methods under the
considered conditions are characterized by different ecological
efficiency. The best results in reducing the relative values of

CNO+ and CSP are shown by the method of heating gases. The

indicated values reach almost 32 % for a metal chimney. The
second most effective method is the method of adding heated

air to the cooled flue gases. The maximum values of Ch>x and

CEP at its application are about 26 %. The method for bypass-
ing flue gases from the boiler past the heat recovery equipment

is somewhat inferior in efficiency to the method for adding

heated air. Values of C, rI:le and C ,Ce,o at bypassing gases do not
exceed 24 %.

Originality. In the work, for the first time, the application
of thermal methods related to the use of a number of methods
of heat and humidity treatment of flue gases after heat recov-
ery has been substantiated to improve the environmental per-
formance of chimneys of boiler plants equipped with deep heat
recovery systems.

Practical value. The practical significance of the results of
the work lies in the possibility of their use in the design for
boiler plants of new efficient heat recovery systems with deep
cooling of flue gases, allowing to increase the efficiency of
these installations by 5—8 % or higher.

Conclusions.

1. The obtained research results have shown the effective-
ness for improving the environmental conditions of the appli-
cation of the considered thermal methods associated with the
use of a number of methods of heat and humidity treatment of
exhaust gases, using modern heat recovery technologies of
boiler plants with deep cooling of flue gases.

2. According to the results of the studies performed, it was
found that the proposed thermal methods due to the increase
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in temperature and velocity of flue gases at the outlet from the
orifice of the two types of chimneys under consideration, con-
tribute to an increase (up to 32 %) in their environmental
friendliness under the conditions in question.

3. The considered thermal methods are ranked as follows:
the method of heating gases in a gas preheater is the most effec-
tive, the relative value of reducing the maximum ground-level

concentration of harmful emissions CS? and Cr]:,',O* reaches

almost 32 % for a metal chimney; the method of adding heated
air is inferior to it in efficiency, the maximum value of C<P and
CNO s about 26 %, and the bypassing method is even less ef-

rel
fective, the values of CS° and Ch>* do not exceed 24 %.
The work was carried out under the project 1.7.890 “De-
velopment of methods and means of increasing the environ-
mental efficiency and durability of chimneys of heat power

plants”.
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Meta. AHalli3 e)eKTMBHOCTI BUKOPUCTAHHS IS Ta30-
CMOXMBAJIbHUX KOTEJIbHUX YCTAHOBOK i3 CUCTEMaMM TETLI0-
YTUIi3allil METO/iB TeTJIOBOJIOTICHOI 0OPOOKM TUMOBUX ra-
3iB IS TIOKpAIlleHHST €KCITyaTalliiHUX PeXUMiB TUMOBUX
Tpyo.

Meroauka. BukopucToByBajnCs BiToMi HOpMaTUBHI Me-
TOIU TEIJIOBOTO PO3PAaXyHKY KOTEJIbHUX YCTAHOBOK i METO-
JIMKU 1LIOJ0 PO3CiIOBaHHS Y TIPU3EMHOMY 1api 3a0pyIHIOI0-
YUX PEYOBHWH, SIKi BUKHUIAIOThCS JUMOBUMH TpyOaAMM IIUX
yCTaHOBOK. /111 BU3HAUEHHS TETUIOBOJIOTICHUX MOKAa3HUKIB
JNIMMOBUX Ta3iB MPH iX IITMOOKOMY OXOJIOMKEHHI BUKOPUCTO-
ByBajlaCh OpUTiHaJIbHA METOIMKA, 110 po3pobsieHa B IHCTH-
TyTi TexHiuyHoi Teruiodizuku HAH Ykpainu.

PesyapraTn. JlocnimkeHa e(peKTUBHICTb BUKOPUCTAHHS
3aIIPOITIOHOBAHMX TETUIOBUX METOMIB JIJIsI TTOKPALIEHHST YMOB
JIOBKIJIJIA M MiABUILIEHHST eKCIUlyaTaliiiHOI HaailiHOCTI au-
MOBHMX TpyO Ta30CIOXUBAJIbHUX KOTEJIbHMX YCTAaHOBOK,
OCHAIIEHUX CMCTEMaMU TJIMO0KOI TEIIOYTHITi3aLlil BiAXiqHUX
rasiB. Posrnsgmanucss mMeromu, 110 3a3BUYail BUKOPUCTOBY-
I0TbCSI B KOTEJIbHSIX 3 METOIO 3aro0iraHHs KOHAEHCAaTOYTBO-
PEHHIO B TMMOBUX Tpybax. BusHaueHe 3MEHIIIEHHS MaKCH-
MaJIbHOI MPU3eMHOI KOHLIEHTpaLlii BUKUIiB OKCUIIB a30Ty i
BYIJVICIIO TPV BUKOPUCTAaHHI BKa3aHUX METOMiB. BukoHaHO
MOPIiBHSUTbHUI aHai3 e(eKTUBHOCTI 3aCTOCYBaHHSI TIPOITO-
HOBaHUX METOMIB TSI LICTJITHUX i METaJIeBUX TUMOBHX TPYO y
PiBHUX peXMMax eKCIUlyaTallii ONnaJloBaJIbHUX KOTEIbHUX
ycTaHOBOK. [Toka3aHo, 110 JaHi METOIM T03BOJISTIOTh CYTTEBO
(mo 32 %) moKpallUTU MOKA3HMKMU €KOJIOTIYHOI e(eKTUB-
HOCTi JUMOBHUX TPYO B YMOBaxX CKOPOUYEHHS Ha 5—8 % o0csTiB
BUKOPHMCTaHHS MajiMBa B KOTJIax.

HaykoBa HoBU3HA. YTeplle OOIpyHTOBAHO IUIST ITOKpa-
LIEHHST €KOJIOTIYHUX MOKA3HUKIB TMMOBUX TPYO KOTEIbHUX
YCTaHOBOK i3 cUCTeMaMU TJIMOOKOI TeIrIoyTWi3alii JuMO-
BMX ra3iB 3aCTOCYBaHHS TEIUIOBUX METOIIB iX TEIJIOBOJIOTIC-
HOi 00pOOKHU.

IIpakTiyna 3HaYMMicTb. MOXIMBICTD BUKOPUCTAHHS pe-
3yJIbTaTiB POOOTU MPU MPOEKTYBAHHI TEILTOYTWIIi3aLliiitHUX
TEXHOJIOTI/ IIJIs OMalOBaJIbHUX Ta30CMOXMUBAIbHUX KOTE-
JIeHb.
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