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Abstract. A further efficiency upgrading of thermal powdamts and boiler units at mining
companies is linked to increasing the initial paetams of steam. Modern power units can work
with an efficiency of 55-58%. However, it is podsito make a review of additional possibilities
of heat utilization at a thermal power statiorislfjuite possible to increase the efficiency by 2-
3% more due to the heat regeneration both in thisecand in the water treatment units. A
technology has been developed that combines the @RiCthe cycle of compressed air
production in a single power engineering systermgisan improved thermal-transformer,
specifically, a refrigeration-heating machine wivatks in thermal networks of a thermal power
station. In addition, from a practical point of wieit is shown that the efficiency of thermal
power plant can be improved in comparison withd¢ad schemes. Use of heat pumps beyond
heating systems of private houses is becoming &sangly common in centralized heating
systems and with feed water of thermal power planssgnificantly reduces the cost of heat and
electricity production. Besides, solar collectoas éntegrate very well into the technological
scheme of heating network water at the thermal plemnt.

1. Introduction

The energy source for industrial and energy baildts is the fuel, the oxidation of which produces
some heat. Oxidation is a chemical reaction whppéas at high temperatures. Oxidation is a chemical
reaction what happens at high temperatures. Theaeature of the burning core reaches 1500-2000 K
[1, 2]. During oxidation, a chain of reactions hapg, where combustion products are formed such as
oxides of carbon, sulfur, nitrogen, and water vapor

When solid fuel burns, ash is added to them, irdutned metal oxides from coal [3, 4]. The
temperature of the flue gases at the exit windotheftombustion chamber is 1200-1400 K [5, 6]. This
temperature is enough to overheat the steam sdgplide turbines, the scheme for producing hedt an
electricity by this method is shown in Figure 187, Next, the gases are cooled at the heating.cesf
of the feed water and air, that is, respectivelygdonomizers and air heaters.

At the exit from the first stage of the air heathg gas temperature reduces to 380-450 K. Wih thi
temperature, the gases move to the purificatiotesysfurther with temperature decreasing by another
30-40K [9, 10] move to the exhaust fan, and furinty the chimney of the thermal power plant. The
efficiency of the simplest steam-power cycle atttiermal power plant does not exceed 30% (when it
operates on coal) or 37% (when it operates on alagas).
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2. Analogues. Statement of the problem

The authors of [1, 2] consider the cycle of micea#tdlic power, including the organic Rankine cytte.
these studies, it was shown that an increase ieffloéency of a power plant is possible only witte

use of low-boiling heat carriers. In [3, 4], ressears consider similar problems, but here the swolut

to the problem of increasing efficiency is consatefor capacities of approximately 1 MW. Increasing
efficiency of the thermal power plant is possibkng gas turbines and waste heat boilers. Thermal
power plants produce up to 70 - 80% electricitybglty [11, 12].

Nowadays, besides steam turbines, gas turbinesphmetused at thermal power plants. In this case,
the main equipment is a gas turbine that operatestural gas. In order to increase efficiencyoa@ss
scheme uses a combined electricity and heat ptiodyevhich are supplied to consumers for indubtria
needs or for district heating and hot water supphys is shown in the works [13,14].

To this purpose steam of necessary parameterspsatafter the corresponding stages of a turbine.
At the same time, much less steam passes throegtotidenser, which allows increasing efficiency.
Power plants of this type calls like combined regat power plants (CHP). Efficiency increase magy als
be achieved by raising the steam parameters [15,16]

According to expert estimates, raising the steanptrature to 600 °C will increase the efficiency
by about 5%, and raising the pressure to 30 MRAaivi 3-4% more. It will require a metal with high
strength parameters. It is important to note tbataf significant efficiency increase, a binary eycl
technological scheme using gas and steam turbiasshben developed and is already being used,
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Figure 1. The standard cycle work of thé=igure 2. Steam-gas cycle of the thermal power station: 1
steam power plant: 1 — the main steamair, 2 — compressor, 3 — electric drive, 4 — pmased
generator of the power unit, 2 — steamir, 5 — natural gas, 6 — combustion chamber, 7as- g
turbine, 3 — electric generator, 4 — exhaustrbine, 8 — electric generator, 9 — waste hedehdiO —
steam, 5 — condenser steam turbine, 11 — electric generator, 12 — extstaam,

13 — condenser

After the gas turbine, combustion products movénéowaste heat boiler, which is divided in two or
three circuits by the heat carrier pressure [1lig Meat carrier is first hot water, and then s&tdrand
overheated steam. Superheated steam moves t@e#me &irbine for generation an additional elecyicit
amount [18]. The scheme of this cycle is shownigufe 2.

The efficiency of combined-cycle power units reachd@-45%. Thermal power station is a set of
equipment and devices that convert the energy aififito electrical and (in general) thermal energy.
Thermal power plants are characterized by grearsity and can be classified according to various
criteria. Industrial power plants are power pldahtg serve specific industrial enterprises or tbeimplex
with thermal and electrical energy, such as a cbalnilant. Industrial power plants are part of ghos
industrial enterprises that they serve. Their ciyp# determined by the needs of industrial eniegs
in thermal and electrical energy and, as a ruie significantly less than the district thermalgo plants.

Often, industrial power plants operate on a comaleatrical network, but do not obey the dispatcher
of the power system. Thermal power plants are diVioly the type of fuel used. For condensation power
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plants operating on organic fuel, historically tieame of thermal power plant was used. It is inghisse
that this term will be used below, although steas-gower plants are also thermal power plants
operating on the principle of converting thermatrgy into electrical energy. Gaseous, liquid arliiso
fuels are used as organic fuel for thermal powantsl

Most of the TPPs in Russia, especially in the Eeaoypart, use natural gas as their primary fuel, an
fuel oil as the backup fuel, using the latter bseaof its high cost only in extreme cases. SuctsTdPe
called gas-oil. In many regions, mainly in the Asjzart of Russia, the main fuel is steam coal -low
calorie coal or waste of high-calorie coal miniggce before burning, such coal is ground in specia
mills to a pulverized state, such TPPs are callddepized coal plants. By the type of heat and powe
plants used at TPPs to convert thermal energyniiithanical energy of rotation of the rotors of itueb
units, there are steam turbine, gas turbine ararsggas power plants.

The basis of steam turbine power plants are stagsing plants, which use the most complex, most
powerful and extremely advanced energy machineanstturbine to convert thermal energy into
mechanical energy. Steam turbine plants that handensing turbines as a drive for electric genesato
and that do not use heat from the exhaust steaupily external consumers with thermal energy are
called condensing power plants. Steam turbine plaguipped with heat-generating turbines and
delivering heat to the exhaust steam to industrigdlousehold consumers are called combined heat and
power plants.

3. Resultsand discussion

Nowadays, there are organic Rankine cycles (OR@)vkin which increase the efficiency of thermal
power plants. There are also complexes for obtgimompressed air. A feature of the proposed
technology is the combination of the ORC and theecgf compressed air production in a single power
engineering system using an improved thermal-tcansr, specifically, a refrigeration-heating
machine what works on thermal networks of a therpoaler station. In this paper, for the first timae,
scheme of a thermal power plant is presented, wtidchbines the processes of generating heat and
electricity, as well as the process of producinmpressed carbon dioxide. It should be noted that in
this scheme low potential heat is used when thegheap is operating.

Let us consider the working principle of the fiesl¢ément - the heat pump. Heat pumps use beyond
the heating systems of private houses is becomirg wommon in the heating systems of centralized
hot water at thermal power plants, since it sigaifitly reduces the production cost of both heat and
electricity. Let us consider the working principliethe second element - the solar collector. Satargy
Is absorbed and converted into heat by coatingofivm tubes.

Heat transfer is carried out from the heat exchaondethrough the sleeve to the tank water. The
system package includes pipes, an external bailegntroller, and thus a stable installation mest b
ensured. Vacuum tubes can absorb infrared rayhesoollector can work on cloudy days. The solar
radiation amount moving to the vacuum collectards subject to change due to the shape of the tubes
and therefore compared to a flat collector, theuuat absorbs more radiation. The Sun’s rays fal¢o
surface at a right angle, thereby reducing thec&tin to a minimum. The collector tubes are areaing
in parallel, and the inclination angle of the tudepends on the location latitude of the instatieadting
system. This design may have connecting outlete®side and rear, in order to allow several ctiblesc
to be installed closely, and to form a single strcad system of a large area.

Lateral connection is used if it is necessary gialh structures in a row, as well as to reduce the
pressure drop. The advantage of this collector tggbat the tubes follow the movement of the Sun
throughout the day, and if necessary, you can eethe area by removing or adding the tubes, while
replacement of individual tubes does not requieeslystem to shutdown.

Vacuum solar collectors serve the house well with Water, they are effective for provide heat
using, and can be used at ventilation systems itdibgs and structures for the different purpodes.
addition, such solar collectors can fit well inbe fprocess scheme of heating network water inrentile
power plant.
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4. Conclusion

Thus, the following scientific and practical resulvere identified and disclosed in the article. A
technology has been developed that combines the &®RQGhe cycle of compressed air production at
the single energy industry complex using the imptbthermal transformer, namely, the refrigeration-
heating machine that works in thermal networkshef thermal power station. In addition, from the
practical point of view, it is shown that the effiocy of standard thermal power plants can be inguo
The organic Rankine cycle is most suitable for apen in low and medium power ranges, usually a
few MW maximum, since small power stations canffiairel a local operator. In addition, the cycle has
a relatively simple structure and it does not regjyiomponents that are difficult to manufacture.
Therefore, it is more adapted to decentralized pageeration. The steam cycle is more suitable for
high power ranges.
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