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Summary. The objective of the investigation is to reveal the effect of exhaust technological gases
on the environment while reducing the consumption of primary fuel and energy resources due to
the decrease of exhaust technological gases temperature. The problem of saving fuel resources
while reducing the energy-intensity cost of the product unit with simultaneous increase of its quality
in the baking process in industrial furnaces and drying in dryers is considered and analyzed. Analysis
of the constructions of thermal installations with the improvement of the combustion process and the form
of contact of the thermal agent with products and materials undergoing heat treatment is carried out.
As the result of the carried out analysis, it is established that the expected result in this problem solution
can be achieved by implementing such technological solution for the reduction of the exhaust
gases temperature, is the reuse of heat obtained as the result of their cooling for technological and
household needs, using heat pumps. Preliminary calculations of heat exchange processes show that at
current prices for energy carriers, it is expedient to organize maximum cooling of spent process gases.
At the same time, at the first stage, the spent process gases are cooled in heat exchangers. To organize
the second stage of cooling, it is advisable to use heat pumps. Positive results in solving this problem
can be achieved using various technological solutions. The methodical approach for the calculation of
heat amount and cost which should be spent for heating, or can be obtained during one hour as the result
of cooling of 1m%s of technological gases at different temperatures is developed. It is proposed to use
heat exchanger with 30m? heat exchange surface for exhaust technological gases cooling. The obtained
data make it possible to confirm that the use of cooled exhaust technological gases from thermal
installations will significantly reduce the negative effect of production on the environment, while
the reuse of recuperative heat will result in significant decrease of the energy carriers volume. Moreover,
the obtained calculation results can be used for preliminary analysis of the feasibility of using heat
recovery technology.
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OLIHIOBAHHSA EKOHOMIYHOI JOILJIbHOCTI BUKOPUCTAHHSA
TEXHOJIOT'TI YTUAI3ALII TEILJIA HA OIJOPUEMCTBAX
XAPYOBOI MPOMUCJIOBOCTI

Irop Cragnux; Crenan bana6an; Bosogumup Kacnpyk; Anapii depkau

Teproninbcokut HayioHaIbHUU MeXHIYHUU yHigepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Pe3tome. Mema Oocniodcenns noiaseae 8 posKpummi 6NaAU8Y 8IONPAYbOBAHUX MEXHONIOIYHUX 2a3i6 HA
omouyroye cepedosuiye NPU 3MEHUEeHH] CHOMCUBAHHSA NEPEUHHUX NATUBHO-EHEPLeMUYHUX PecypCie 3a PAXYHOK
SHUJICEHHA MeMnepamypu 6ionpaybo8aHUX MeXHONO2IUHUX 2a3ie. Posenanymo i NpoananizogarHo NUMAHHS
EeKOHOMII NanUGHUX pecypcCié Npu 3HUNICEHHI 8APMOCMI eHePeOEMHOCI 0OUHUYT NPOOYKYIl npu 0OHOUACHOMY
nioguwenHi ii askocmi 8 npoyeci GUNIKAHHA Y NPOMUCTOBUX newax ma cyulinus ¢ cywapxax. Ilposedeno ananiz
KOHCPYKYITI MENio8UX YCMAHOBOK 3 YOOCKOHANEHHIM Npoyecy 2O0piHHs ma opmu KOHMAKMY Meniogozo
azenma 3 eupobamu ma mamepianamu, sKi 3a3HaAlOMb meniogy 06pooky. B pesyromami npogedeno2o ananizy
BCTNAHOBNIEHO, WO OUIKYBAHUL PE3YIbMAam Npu po3e6 s3aHHi OAHOT NPOOIEMU MOICHA OOCASHY MU, BNPOBAOINCYIOUU
make mexHoN02iuHe pilleHHs 011 3MEHUEeHHs MeMnepamypu 8iOnpaybo8aHUX 2a3i6 — ye NOBMOPHE BUKOPUCIAHHS
OMPUMAHO20 8 pe3yIbmami ix 0X01004CeHHs mena 0Jisk MeXHOI02IYHUX | nOOYMO8UX NOmpeo, i3 UKOPUCTAHHAM
meniosux Hacocis. Ilonepednbo npogedeni po3paxynKu menio0OMIHHUX NPOYECi8 NOKAZYIOMb, WO NPU CYYACHUX
YIHAX HA eHepeOHOCTI OOYIIbHO OP2AHI3Y8AMU MAKCUMATIbHE OXOJ00NCEHHS 8IONPAYLOBAHUX MEXHOLOLTUHUX 2A3i6.
Ipu yvomy Ha nepuiomy emani 8iONpaAYbOBAHI MEXHONOSIUHI 2A3U OXOLO0NCYIOMb Y Men1000minHuKax. [[is
opeamizayii Opyeoeo emany OXONOONCEHH OOYILIbHO BUKOpUCMOgysamu meniogi Hacocu. I[lozumuerux
Pe3yIbmamis y eUpiueHHi OaHoi npooiemMu MONCHA OOCASHYMU, UKOPUCMOBYIOHU PI3HI MEXHOLO02IYHI PIUEHHSL.
Pospobreno memoouunuii nioxio 0o po3paxynky KilbKocmi i 6apmocmi menid, siKi HeoOXioHo 3ampamumu OJist
Hazpisanns, abo MONCHA OMPUMATIU NPOMALOM 200UHU 6 pe3yabmami oxonodxcenns 1n3/c mexnonoziunux 2asie
3a pizHux memnepamyp. 3anponoHo8aHo 0N 0X0N00HCEHHS BIONPALLOBAHUX MEXHONIO2IUHUX 2A3168 BUKOPUCATU
mennoobMinHuK 3 noeepxuero mennooominy 30M%. Ompumani Oaui 003601510Mb  CMEEPOACYEAMU, YO
BUKOPUCIMAHHS OXONO0MCEHUX GIONPAYLOBAHUX MEXHONIOLIYHUX 2a3i6 6i0 MEnio8uUx yYCmMaHo80K 00380]UMb
CYMmeBo 3MEHUUMU He2amuHUull 8NIu8 SUPOOHUYMBA HA HABKOIUUIHE cepedosuiye, NpU YbOMYy NOBMOPHE
BUKOPUCMAHHS PeKYNepamueH020 menia npuzeeoe 00 Cymmeso20 smMeHuleH s 00 emie enepeonociis. Ompumani
De3yIbmamu po3PAxyHKI8 MONCHA GUKOPUCIOBYEAMU O NONEPEeOHbO20 AHANIZY OOYILIbHOCI GUKOPUCIANHS
mexHon02ii ymunizayii menia.

Knrwuosi cnosa: esmpama menna, npoyec 2OpiHHs, MeNI0GUU A2eHM, eHEeP2OHOCIT, Meni00OMiHHI
npoyecu, menioguii Hacoc.
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Introduction. In the context of global warming and unprecedented growth in the cost
of fuel and energy resources, particularly of natural gas, it is especially important to solve
simultaneously two problems on which the fate of mankind depends.

The first problem is to reduce the temperature of waste technological gases and carbon
dioxide emissions. In this century, according to the statements of the conference in Glasgow, it
is necessary to keep global warming within 1.5°C. According to the scientists forecasts, by the
end of the century the planet's temperature will rise by 2.7°C, resulting in global catastrophe on
the planet. In order to avoid this, it is necessary to reduce global carbon emissions compared to
2010 by 45% by 2030.

The second problem involves the production energy intensity decrease and reduction of
fuel and energy resources consumption. Reduction of fossil fuel use is the most devastating for
the ecology of our planet. In this case, it is reasonable to pay special attention to the work of
the most energy-consuming equipment. Such equipment includes furnaces and dryers.
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Furnaces and dryers are widely used at the food industry enterprises. In particular, at
bakery and confectionery industries they are referred to as basic technological equipment. The
quality and price of many types of products depends on the efficiency of furnaces and dryers.

Thus the price of bakery products by 70% depends on the price of electricity consumed
for their production.

Analysis of available researches and objective of the work. The issues of energy
resources saving and reducing the energy intensity of the unit of production while improving
its quality have been considered as the main ones throughout the history of operation and
improvement of furnaces and dryers [1, 2].

It should be noted that at different times the goals and tasks, the solutions of which
provided the above mentioned issues, changed. Thus, in the 50s of the last century, researchers
believed that ensuring the conditions of complete fuel combustion, heating fuel and air
providing the combustion process, and minimizing heat losses into the environment should
ensure high equipment productivity and product quality. In particular, P.V. Levchenko noted
that heating the air used for the combustion process contributes to the temperature increase and
fuel consumption reduction. The eighties of the last century are characterized by the increase
of fuel prices and its deficit. During this period, researchers paid special attention to the design
of thermal installations, improvement of the combustion process and the form of contact of the
thermal agent with products or materials subjected to heat treatment [3, 4, 5]. Special attention
should be paid to the works aimed at thermal processes modeling and creating of reconstructive
mathematical and physical models [6]. The results of research in this area have made it possible
to reduce significantly the cost of the product, optimal solutions and accelerate the process of
designing new promising samples of technological equipment. Nowadays, the issues of
environmental protection are added to the above-mentioned issues [7, 8]. In particular, the issue
of reducing global warming is particularly common for industry. Positive results in solving this
problem can be achieved by implementing different technological solutions. Among such
solutions, a special place is occupied by the decrease of the temperature of the waste
technological gases and the reuse of the heat obtained as a result of their cooling for
technological and household needs. In this direction it is necessary to highlight the work of
scientists of the Institute of Thermophysics of the Academy of Sciences of Ukraine in which
the expediency of using recuperative heat of waste drying agent is proved, and the use of heat
pumps is proposed and energy-saving methods of drying and original drying structures are
developed [9, 10].

Previously carried out calculations of heat exchange processes show that at current
energy prices it is advisable to organize the maximum cooling of waste technological gases
[11]. In this case, the process should be carried out in two stages. At the first stage, the waste
technological gases are cooled in heat exchangers. In order to organize the second stage of
cooling, it is reasonable to use heat pumps.

Despite the unconditional expediency, the utilization of the heat of waste technological
gases does not find proper attention at the food industry enterprises. Thus, the aim of the work
is to substantiate the feasibility and calculation of the economic benefits of utilization and reuse
of thermal energy of waste technological gases at the food industry enterprises.

The result of the investigations and their analysis. Productivity and parameters of
technological gases of thermal installations operating at the enterprises fluctuate within very
large limits. Accordingly, the temperature and volume of waste technological gases are also
significantly different. Therefore, in order to substantiate the expediency of using utilization
and reuse of heat of the waste gases at the enterprises, we begin by calculating the heat required
to heat 1m? of air per 10°. For calculation we the use the known dependence

Q=L-py-cy- At 1)
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where L = 1m3 is air volume;

cn = 0.24 kcal/kg deg is heat capacity of air;

pn = 1.293kg/m3is air density ryctuna nositps;
At = 10° is temperature difference.

Therefore, to heat 1m? of air per 10° heat consumption is Q = 3.1 kcal = 13 kJ. Thus,
the cost of heating 1m?3/s of air per 10° at specific heat of natural gas combustion 8000 kcal and
price of 12 UAH/m3is 16.74 UAH/hour. It should be noted that the companies use electricity
in addition to natural gas to organize heat treatment of products. Excluding the efficiency of
equipment that converts electricity into heat and electricity prices for businesses that consume
up to 20,000 kWh 3.9 UAH similar costs are 50.7 UAH/hour.

Calculated by formula (1), the amount and cost of heat that must be used for heating or
can be obtained within an hour as a result of cooling 1m?/s of technological gases for different
At are given in Tablel.

The analysis of the obtained calculation results confirms the expediency of maximum
cooling of waste technological gases with the application of heat exchangers and heat pumps.
Since the use of heat pumps requires significant financial costs for their purchase, installation
and maintenance, the reconstruction of waste technological gases removal systems should be
organized in two stages.

The first stage involves cooling of waste technological gases in gas-gas heat exchangers to
the temperature of 30°—40° C and supplying heated air to the natural gas combustion area or to
electric heater. The temperature of the waste technological gases at the heat exchanger exit is
determined by the operating conditions of the heat pump where they are cooled at the second stage.

In order to organize the heat exchange at the first stage we accept the recuperative
flowing plate heat exchanger «gas — gas». In the process of heat exchange we use waste
technological gases as hot heat agent, atmospheric air as cold heat agent.

Table 1. The amount and cost of heat at different temperatures At

Temperature difference, At° 10 20 30 40 50
The amount of heat, kcal / h 11160 22320 33480 44640 55800
Natural gas Volume, m® 1.395 2.79 4.185 5.58 6.975
Cost, UAH 16.74 33.48 50.22 66.96 83.7
Electric energy Quantity, kW - h 13 26 39 52 65
Cost, UAH 50.7 101.4 152.1 202.8 253.5

Heat transfer can be organized in two modes. The first provides heating of the constant
amount of cold heat agent to constant temperature. In this case, the final temperature of the hot
coolant will change as the initial temperature of the cold heat transfer agent changes. The second
mode provides cooling of the hot heat agent to constant temperature. The final temperature of
the cold coolant will change. As for stable operation of the heat pump it is necessary to provide
receipt in the evaporator of the heat source with constant temperature, it is expedient to carry
out heat exchange at the first stage in the second mode.

Thus, the process of heat transfer at the first stage takes place under conditions of
constant initial and final temperatures of the hot coolant and variables, depending on the season,
initial and final temperatures of the cold coolant. Preheated cold coolant enters the furnace or
dryer where it is necessary to maintain the technological and aerodynamic conditions provided
by technological conditions. Therefore, the change in the final temperature of the cold coolant
results in the change of the amount of energy used to ensure the technological process. To
calculate the required amount of energy and the economic effect of the supply of preheated
atmospheric air at different initial temperatures, you should know to which maximum
temperature you can heat cold coolant under the given conditions of heat transfer. It is not
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possible to use the known dependences [12] for such calculations, because in order to determine
the number the cold coolant parameters its final temperature should be known. Therefore, to
solve this problem, it is necessary to calculate the dependence of the volume flow rate of the
cold coolant on its initial temperature at different values of the final temperature. Such
calculations are carried out for specific equipment and specific technological conditions.

In our case, the conditions of operation of the tunnel gas furnace A2SHBG, which
provides operation of one of the technological lines at the confectionery factory «Teray», are
used for calculations. During the operation of this furnace, 1.31 m%/s of waste technological
gases are emitted into the atmosphere at temperature of 90°C. It is proposed to use the heat
exchanger with 30m? heat exchange surface to cool the exhaust gases. The heat exchanger
should provide cooling of the hot coolant to 40°C. The initial temperature of the cold heat carrier
varies from — 30°C to +30°C during the year.

Using the above given calculations, we determine to what temperature under these heat
exchange conditions it is possible to heat the required amount of atmospheric air at different
initial temperatures and calculate the economic efficiency of preheated atmospheric air.

The results of the calculation of the dependence of the volume flow rate of the cold
coolant on its initial temperature at different values of the final temperature are given in
Table. 2.

Table 2.VVolume consumption of cold coolant at different values of the final temperature

Temperature of Initial temperature of cold heat carrier, °C
exhaust gases, °C -30 -20 -10 0 10 20 30
40 0.85 0.93 1.18 1.44 2.05 2.99 6.14
50 0.68 0.81 0.96 1.17 1.48 201 3.08
60 0.56 0.72 0.83 0.99 1.2 1.52 2.08
70 0.54 0.66 0.75 0.86 1.02 1.24 1.58
80 0.51 0.6 0.68 0.77 0.89 1.05 1.28

The results of calculations of the heating temperature 1.31 m®/s of atmospheric air and
the economic efficiency of its use in the combustion area of the gas tunnel furnace A2SHBG
are given in Table 3.

Table 3. Dependence of economic efficiency of the use of preheated atmospheric air in combustion area of the
gas tunnel furnace A2SHBG on its temperature

Initial temperature,’C -6 +4 +13 +20 +30

Final temperature,’ C +40 +50 +60 +70 +80
Volume of natural gas, m%h 7.31 9.14 10.97 12.8 14.63
The cost of natural gas, UAH 87.72 109.65 131.58 153.51 175.44

Conclusions. The above mentioned results show that the use of waste technological
gases cooling technology of thermal installations can significantly reduce the negative impact
of production on the environment, and the reuse of recuperative heat results in significant
reduction in energy, which ultimately reduces production costs and increase production
efficiency. The obtained results of calculations can be used for preliminary analysis of
expediency of heat utilization technologies application in industrial conditions.
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