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Abstract 

The issue of reducing electricity consumption costs is becoming relevant for industrial enterprises, taking into account 

the growing demand for electricity every year. The electricity consumption of air coolers at a gas processing plant was 

considered in the framework of this study. The change in ambient temperature (during the day and depending on the 

season) is the main disturbing factor affecting the performance of air coolers. With such significant seasonal changes in 

air temperature, its density changes, which causes fluctuations in the power consumed by the electric motor by up to 30 %. 

The issues of increasing energy efficiency, forecasting and determining the power consumption rate of air coolers, 

depending on changing external conditions, therefore become important. A methodology has been developed to deter-

mine the standard power consumption of air coolers depending on two factors – the ambient temperature and the load 

of the gas processing plant. A two-factor power-law approximation of the values was carried out due to nonlinear 

dependencies on plant loading and ambient temperature. The dependence of power consumption on ambient tempera-

ture and the loading of the installation on raw materials for any type of air cooler is determined with high accuracy (the 

root-mean-square error of the calculated and approximating values does not exceed 1 %). The formula for calculating 

the standard consumption of electric power of the air cooler at the considered installation was determined based on the 

results of the study. The methodology can be used by employees of gas processing enterprises to determine the standard 

electricity consumption of air coolers under changing climatic and technological factors. 
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Introduction 

One of the priorities for all types of production in Russia and the world due to the high energy 

intensity [1] is the reduction and optimization of fuel and energy resources costs [2], including elec-

trical energy, which is highlighted in one of the trends of the 4D concept [3]. Thus, the “decrease” 

trend means a reduction in the consumption of all types of resources and materials, including the 

amount of waste produced. At the same time, industrial electricity consumption in the world is 

projected to increase by 83 % in 2022-2050.1 

There has been a decrease in gas production and transportation due to external factors in recent 

years. The development of the industry depends both on foreign supplies of equipment (which makes 

it difficult to introduce new capacities) and on the demand for energy resources, while the cost of 

electricity increases [4, 5]. In this regard, a lot of research is being conducted in the direction of peak 

load coverage by means of electricity storage systems to reduce costs at gas industry facilities [6-8]. 

                                                      
1 Scenarios for the development of global energy until 2050. URL: https://rosenergo.gov.ru/press-center/news/stsenarii-razvitiya-

mirovoy-energetiki-do-2050-goda/ (accessed 26.03.2025). 
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A significant amount of electrical energy costs at gas production, transportation and processing 

facilities is determined by the operation of pumps [9], compressors [10], various traction, ventilation 

and air coolers [11], which are the objects of this study, as well as their design features and degree of 

wear. The operating mode of the specified equipment may depend on many factors that affect energy 

consumption to varying degrees. Thus, air coolers are operated on the territory of the Russian Federation 

in a wide temperature range: from –45 to +50 °С [12]. Changes in ambient temperature (during the 

day and depending on the season) are the main disturbing factor affecting the operation of air coolers 

and their operability [13, 14]. The heat flow changes with such significant seasonal changes in 

ambient temperature and there is a need to increase air consumption, which causes corresponding 

fluctuations in the power consumed by the electric motor – up to 30 % [15, 16]. At the same time, 

at subzero ambient temperatures (in winter in the northern regions), air coolers may not be switched 

on at all. 

On the other side, the electrical consumption of the air cooler is affected by the loading of the 

gas processing plant, which includes the air cooler. Depending on the technological process (volume 

of transported or pumped gas), the need to turn on the air cooler occur in stages, even in summer.  

In this regard, at the next stage of the work, it is necessary to take into account and classify industrial 

facilities as typical according to several parameters combined (technological process, location of the 

region, type of technology, etc.). 

According to the article [17], the efficiency of each type of air cooler is not constant during 

operation, but is characterized by a certain dynamics, which is caused by a change in the operating 

mode of the technological site/plant, as well as changes in climatic conditions. Reducing unit costs 

per unit of produced and processed products, i.e. gas or gas condensate, including in the transportation 

and distribution sector (at gas transportation facilities – compressor stations) [18-20], is an important 

scientific and technical research area for the development of the gas industry [21]. 

One of the relevant directions is the use of digital twins of technological equipment at oil and 

gas industry facilities [22, 23]. The digital twin of an air cooler is a virtual model that is an exact copy 

of a real device used for modeling, analyzing, and optimizing its operation. The digital twin of an air 

cooler can include physical parameters, heat transfer characteristics, aerodynamics and other im-

portant factors and be used for the following purposes: 

• optimization of operation – modeling of various scenarios of operation of the air cooler, deter-

mining optimal operating modes to increase efficiency and reduce energy consumption [24]; 

• fault prediction based on data collected from real equipment, the digital twin can predict pos-

sible breakdowns and malfunctions, which allows for preventive maintenance and avoiding equip-

ment downtime [25]; 

• design improvement – testing new design solutions and optimizing the shape and size of the 

air cooler elements to increase its efficiency; 

• staff training to work with air coolers without putting real equipment at risk; 

• lifecycle management – monitoring the condition of the air cooler from design to disposal. 

The methodology presented in this study can serve as a basis for the creation, implementation, 

and use of modern solutions in the field of digitalization at enterprises. 

The issue of increasing energy efficiency [26, 27], modeling [28-30], forecasting [31, 32] and 

determining the rate of power consumption by air coolers, depending on changing external conditions 

such as ambient temperature and plant loading, is becoming relevant. However, in the research of 

Russian authors, for example in [33, 34], mathematical models are proposed that describe the operation 

of air coolers and are designed to develop methods for controlling the operating modes of air coolers to 

reduce electricity consumption, in which only one factor (ambient temperature) is reflected as influen-

cing fluctuations in the power consumption of air coolers. The influence of wind speed on the cooling 



 

 

Journal of Mining Institute. 2026. Vol. 277. P. 55-67  

© Daria E. Filimoshina, 2025 

57 

This is an open access article under the CC BY 4.0 license 

 

process by air coolers, in addition to temperature, is taken into account in the studies of foreign 

authors [35, 36]. 

The purpose of this study is to develop a methodology for determining the standard electricity 

consumption of air coolers depending on two changing factors – ambient temperature and the load of 

the gas processing plant. 

The research methodology includes solving the following tasks: 

• determination of the availability of initial data, such as the technical characteristics and pa-

rameters of air coolers, the thermal load of air coolers based on the results of preliminary modeling 

of the gas processing plant; 

• calculation of the mass air flow through the air cooler; 

• calculation of the standard power consumption of the air cooler, taking into account the effi-

ciency of the engines; 

• approximation of values by the smallest polynomial function of standard electricity consump-

tion with a deviation of the approximated and calculated values of no more than 5 %; 

• determination of the coefficients of two-factor approximation for the formation of the final 

dependence of the standard of electricity consumption by the air cooler on the ambient temperature 

and the loading of the gas processing plant. 

Methods 

The consumption of fuel and energy resources by technological and auxiliary equipment of in-

dustrial enterprises depends on several factors, the main of which is the volume of production. 

The initial data for the development of formulas for calculating the standard consumption of fuel 

and energy complex by technological equipment is a list of equipment, as well as statistical data on 

its operating modes. This data is recorded at the enterprises and used when planning production 

volumes. The following can be used as initial data on the operating modes of technological equip-

ment: unloading from the accounting system, time sheets, maps, technological regulations, design 

data. Statistical data in the development of formulas for calculating the standard consumption of fuel 

and energy complex are used only to determine the technological parameters that affect the energy 

consumption of production and equipment. 

One of the tasks in developing this methodology for determining standard consumption values 

is to use simple formulas for calculating that do not require the use of specialized equipment or soft-

ware, with the possibility of further application of the methodology by specialists of gas processing 

enterprises. Mathematical modeling of technological plants and processes using specialized software 

is a laborious process and is not the optimal solution to achieve the objectives of this study. For this 

reason, upon completion of the calculation of the theoretically required volume of fuel and energy 

resources consumption, depending on the volume of output/processing of raw materials and ambient 

temperature, the results of the calculations are approximated to develop formulas for calculating 

consumption without using specialized tools. 

Approximation is a scientific method that consists in replacing some mathematical objects with 

others that are close to the original ones [37]. In particular, it is the basis for the analytical represen-

tation of tabular data by a function of a given type with unknown parameters, the values of which are 

determined so that the graph of the functions is as close as possible to the specified points. To simplify 

the calculation formulas, minimum degree polynomials are used in the approximation, which ensures 

the necessary calculation accuracy. The algorithm for developing calculation formulas for the abso-

lute consumption of technological equipment is shown in Fig.1. The above algorithm is applied for 

each piece of equipment. 

It is possible to use two methods for determining the thermal load of air coolers, depending on 

the availability of initial data and the scope of application of each equipment item: 
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• according to the mathematical modeling of 

technological plants; 

• according to the flow rate, the temperature 

of the cooled medium at the inlet and the maxi-

mum allowable temperature at the outlet of the 

air cooler. 

The article discusses a technique based on 

mathematical modeling of technological plants, 

suitable for use by engineering and technical per-

sonnel and using two variable parameters, which 

allows to obtain the most accurate result. The 

methodology for developing calculation formulas 

for the standard consumption of electric energy 

by air coolers is presented using the example of 

a gas condensate stabilization unit (GCSU) at a 

gas processing plant. Further calculations were 

performed in the Microsoft Office Excel software, 

which is sufficient to complete the task. 

The AC-101 air cooler, which is located as 

part of the GCSU of the condensate stabilization 

plant, was considered as the object under study. 

The main parameter determining the performance 

of the GCSU is the volume of raw materials – the processed oil and gas condensate mixture. 

Figure 2 shows a block diagram of a gas condensate stabilization unit. 

The oil and gas condensate mixture enters the processing train of the plant from a common col-

lector and passes sequentially through the tube space of the Е-101/1-3 heat exchangers, where it is 

heated to a temperature of 80-120 °С by a reverse flow of stable condensate coming out of the cubic 

part of the С-101/1 stabilization column. The oil and gas condensate mixture, heated to a temperature 

of 80-120 °C, enters the 20th plate in the middle part of the C-101/1 stabilization column. The  

C-101/1 stabilization column is designed for separating an oil and gas condensate mixture into stable 

condensate (SC) and a wide fraction of light hydrocarbons by rectification. The С-101/1 column is a 

vertical cylindrical apparatus of variable cross-section, inside which 38 mass-exchange valve plates 

are located. The SC is withdrawn to the raw materials park or to the substandard product line. 
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Fig.1. An algorithm for developing calculation formulas  

for electricity consumption standards 

Fig.2. Technological block diagram of a gas condensate stabilization unit 
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Vapors of a wide fraction of light hydrocarbons from the top of the С-101/1 stabilization column 

are sent to the parallel-operating air coolers AC-101/1-3, where they are cooled to a temperature of 

25-60 °C, partially condensed and fed into the reflux drum R-101/1. 

An reflux system for tube bundles with chemically purified water is installed on the air coolers 

in the summer to reduce the amount of waste gases. A partially condensed wide fraction of light 

hydrocarbons from the reflux drum R-101/1 is supplied to the pumps P-102/1,2-1, with which a 

portion of the wide fraction of light hydrocarbons is supplied to the upper plate of the stabilization 

column C-101/1 as live reflux to maintain the temperature regime of the top of the stabilization 

column. The balance amount of a wide fraction of light hydrocarbons passes through the AC-102/4 

air cooler, where it is pre-cooled to a temperature of no more than 40 °C and sent for further 

processing or output as finished products to the parks of the raw material base or to the line of 

substandard product. 

A constant amount of cubic liquid is circulated by pumps Р-101/1-1, Р-101/2-1 through the 

furnace F-101/1 and the return of the vapor-liquid mixture to the lower part of the stabilization column 

under the lower plate to maintain the required temperature regime of the stabilization column  

С-101/1. A balanced amount of stable condensate is removed from the cube of the C-101/1 

stabilization column under its own pressure, which sequentially passes through the shell side of the 

E-101/1-3 heat exchangers, gives off heat to the oil and gas condensate mixture and cools to a 

temperature not exceeding 40 °C, enters the common collector, through which it is discharged. Stable 

condensate is discharged into the line of substandard product during start-up and stop operations of 

technological lines, as well as if the quality of stable condensate does not meet the requirements. 

The АС-101/1-3 air cooler is a condenser of the upper product of the column. An air cooler of 

type AVZ-20-2.5-B1/8-4-6 is installed at the specified position. Zigzag type AVZ air coolers are 

designed for condensation and cooling of vaporous, gaseous and liquid media [38]. The main pa-

rameters of the air cooler are in accordance with the data of the technological regulations for the 

condensate stabilization unit, as well as OST 26-02-537-792, necessary for the development of a 

standard for electricity consumption (initial data): type – AVZ-20-2,5-B1/8-4-6; heat exchange sur-

face of a tubes area – 440 m2, finned – 5300 m2; size – 6.0×6.47 m; number of sections – 3; fan 

power – 90 kW. 

The consumption of air coolers includes the consumption of electrical energy for the fan drive, 

which is determined by the required air flow through the fan. The required air consumption is deter-

mined by the thermal load of the air cooler (heat output into the atmosphere), as well as the tempera-

ture difference between the cooled medium and the ambient air. 

Results 

When developing a methodology for rationing basic indicators, it is necessary to ensure that 

calculations are linked to these factors, i.e. to identify the dependence of the productivity of individual 

equipment, such as a furnace [39, 40] or a column reboiler, on the volume of output or processing 

of raw materials by a technological plant. Mathematical modeling of technological installations in 

Aspen Hysys software can be used to calculate the theoretically required amount of energy consump-

tion by technological equipment of enterprises. 

During the simulation, the operating modes of plants and individual equipment are assumed in 

accordance with the available statistical data. The simulation is carried out under operating conditions 

of installations and individual equipment at several performance values, which makes it possible to 

determine the theoretically required energy consumption. The result of the mathematical modeling of 

technological installations is the elementwise theoretically necessary loads of technological equipment. 

                                                      
2 OST 26-02-537-79 “The air coolers are zigzag-shaped with two fans. Basic parameters and sizes”. 
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An additional calculation is carried out based on the results of mathematical modeling, de-

pending on the type of equipment under study, the purpose of which is to determine the dependencies 

of the theoretical consumption of fuel and energy resources on the plant's performance and ambient 

temperature, taking into account the characteristics of the equipment. Thus, for air coolers, an assess-

ment of the electricity consumption by fans is carried out to ensure the necessary heat removal. 

The estimated power consumption for the fan motor at the design stage should be increased by 

10 % to ensure engine start-up. The design documentation calculates the maximum load of the 

installation, so there is no calculation of the power consumption of air coolers depending on the 

load of the installation. In this study, the obtained dependence allows us to determine the value of 

power consumption by the air cooler at a certain load of the installation at a specific time. The 

thermal load on the air cooler was determined based on the results of mathematical modeling of the 

column at different plant loads taking into account the use of a two-phase cooled medium (Fig.3). At 

a raw material consumption of 100 m3/h, the thermal load is 252.9 (4860) kJ/kg (kW); at 150 m3/h, 

the thermal load is 252.8 (7290) kJ/kg (kW); at 200 m3/h, the thermal load is 252.8 (9718) kJ/kg 

(kW); at 250 m3/h, thermal load 252.7 (12,145) kJ/kg (kW); at 300 m3/h, thermal load 252.97 (14,570) 

kJ/kg (kW). 

The temperatures of the cooled medium at the inlet and outlet of the air cooler, in accordance 

with the analysis of statistical data, are assumed to be equal to constant values for the operating mode 

of the plant. The temperature values of the cooled medium (the upper product of the columns) aver-

aged for the operating mode of the installation are 70.0 °C at the inlet and 52.6 °C at the outlet. 

The possibility of heat exchange of one section of the air cooler (heat release into the atmosphere) 

is calculated using the heat transfer equation 

Qair cooler = K1KFθt, 

where K1 is the coefficient of normative deterioration of the technical condition of the air cooler over 

the period of operation; K is the heat transfer coefficient of this type of air cooler, J/kg С; F is the 

area of the finned heat exchange surface, m2; θt is the average logarithmic temperature difference. 

Average logarithmic temperature difference 

θt = (θ1 – θ2)/LN(θ1/θ2); 

θ1 = t1 – T2; 

θ2 = t2 – T1, 

where T1 is the outside air temperature, C; T2 is the air temperature behind the air cooler, C, 

T2 = T1 + Q/(nGaСhc); 

n is the number of installed sections of the air cooler; Ga is the air flow rate through one section of 

the air cooler, kg/s; Сhc is the heat capacity of the air, J/kgС. 

Based on the presented dependencies, the required air flow through the air cooler was calculated 

(Table 1). Based on the data in Table 1 and the typical dependence of the power consumption of the air 

cooler on the air flow (Fig.4), the calculation of the standard power consumption for the drive of the air 

cooler was carried out. 
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Fig.3. The calculated value of the thermal load of the air cooler, depending  

on the load and operating mode of the condensate stabilization plant 
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The power of the electric drive of the fans of the air cooler is determined by the typical dependence 

in Fig.4 in the absence of a frequency-controlled drive. The power consumption of the electric fan 

drive of the air cooler in the presence of a frequency-controlled drive is calculated by the formula 

3

0 а st
air cooler

em fc st а nomη η

N p T n
N

p T n

  
   

  
, 

where N0 is the rated power of the air cooler according to the passport documentation, kW; ηem is the 

efficiency of the electric motor; ηfc is the efficiency of the frequency converter; ра is the barometric 

pressure, MPa; рst, Тst are pressure and temperature under standard conditions, respectively, рst = 

= 101,325 Pa, Тst = 293.15 K; nnom, n is the nominal and actual rotation speed of the electric motor 

shaft, respectively, rpm. 

The following parameters were taken into account in the subsequent calculations:  

• typical dependence of the fan power consumption on its performance; 

• type of air flow control (no regulation, blinds, variable frequency drive); 

• electric motor power of one section; 

• number of sections; 

• engine load factor in nominal mode (assumed to be 0.8); 

• the method of turning on the fans (in parallel or in series). 

The rated efficiency of the engine was determined according to the international IEC standard3. 

The results of the calculation of the standard power consumption for the drive of the air cooler 

are presented in Table 2. 

The dependence of the power consumption of the air cooler is nonlinear both on the ambient 

temperature and on the loading of the installation (Fig.5), in Fig.6 the dependencies are presented in 

two-dimensional form. 

The study calculated the operating modes of the air cooler at 25 points. Since the calculations 

are complex, their use directly at the enterprise in this form is impractical. Therefore, a polynomial 

two-factor approximation of the values of electricity consumption by an air cooler was carried out. 

Due to non-linear dependencies both in terms of installation load and ambient temperature, a power-

law approximation of the values was carried out using the least squares method implemented in Mi-

crosoft Office Excel software. The degree of the polynomial was chosen to be minimal (to reduce the 

complexity of the function), giving an error of no more than 5 % at any of the calculated points. 
 

 

                                                      
3 GOST IEC 60034-30-1-2016 Rotating electrical machines – Part 30-1: Efficiency classes for grid-connected AC motors (IE code). 

GOST IEC/TS 60034-30-2-2021 Rotating electrical machines. Part 30-2. Efficiency classes of AC motors with frequency in-

verter (IE code). 

Air consumption through the air cooler, kg/s 

Consumption  

of raw  

materials, m3/h 

Tа, С 

–40 –20 0 20 30 

100 50.7 64.2 87.6 137.6 192.6 

150 76.0 96.3 131.3 206.4 288.9 

200 101.4 128.4 175.1 275.1 385.2 

250 126.7 160.4 218.8 343.8 481.3 

300 152.0 192.5 262.5 412.5 577.5 
      
      

Note. Тa – ambient temperature. 
 

0               20               40              60               80             100 

                                     Relative productivity, % 

100 

80 

60 

40 

20 

0 

R
el

at
iv

e 
sh

af
t 

p
o
w

er
, 

%
 

1 

2 

Fig.4. Typical dependence of the fan power consumption  

on its performance 
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Table 2 

Standard power consumption depending on performance and ambient temperature 

Consumption  

of raw materials,  

m3/h 

Tа, С 

–40 –20 0 20 30 

Mechanical power of the fan drive, taking into account alternate loading, kW 

100 63.42 71.73 85.15 109.34 130.77 

150 78.70 89.81 106.61 135.54 159.08 

200 92.41 105.30 124.36 155.74 177.64 

250 104.53 118.74 139.64 170.47 192.57 

300 115.34 130.72 152.49 182.02 203.40 

The standard of power consumption of the air cooler, taking into account the efficiency of the engines, kW 

100 98.67 103.81 112.28 129.63 148.09 

150 108.15 115.35 127.48 152.47 174.89 

200 117.11 126.46 142.33 171.65 193.06 

250 125.87 137.43 156.29 186.02 207.88 

300 134.55 148.05 168.51 197.37 218.91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

The minimum degrees of the polynomial obtained from the results of the analysis are as follows: 

in terms of loading Q, m3/h – the 2nd degree, in terms of ambient temperature Tа, C – the 2nd degree. 

The results of the selection of approximate values of the power consumption of the air cooler are 

presented in Table 3. 
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Fig.5. The dependence of the power consumption of the air cooler on the load of the installation  

and the ambient temperature 

Fig.6. The dependence of the power consumption of the air cooler on the ambient temperature  

at different plant loads (a), on the plant load (b) 
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Table 3 

The results of the selection of approximate values of the power consumption of the air cooler 

Consumption of 
raw materials, 

m³/h 

Ta, С 

–40 –20 0 20 30 

Electricity consumption rate, kW 

100 98.67 103.81 112.28 129.63 148.09 

150 108.15 115.35 127.48 152.47 174.89 

200 117.11 126.46 142.33 171.65 193.06 

250 125.87 137.43 156.29 186.02 207.88 

300 134.55 148.05 168.51 197.37 218.91 

Approximate value of the standard of power consumption, kW 

100 99.78 101.50 112.51 132.80 146.42 

150 108.97 113.18 128.42 154.68 171.95 

200 117.89 124.70 143.06 172.99 192.29 

250 126.54 136.04 156.44 187.72 207.45 

300 134.92 147.22 168.54 198.88 217.43 

Deviation of the approximated and calculated values, % 

100 1.117 –2.226 0.209 2.438 –1.128 

150 0.753 –1.880 0.740 1.453 –1.682 

200 0.663 –1.397 0.518 0.782 –0.397 

250 0.532 –1.010 0.095 0.914 –0.203 

300 0.274 –0.559 0.017 0.761 –0.676 

Root-mean-square error (RMSE) – 0.301 % 

 

Based on the results of comparing the approximating curves and the calculated values of the 

electricity consumption standards, it was concluded that the approximation polynomial and the cal-

culated values are satisfactorily convergent (the standard deviation at all points does not exceed 1 %). 

According to the approximation results, the resulting dependence will have the form: 

f (Q, Tа) = (a2.1Q2 + b2.1Q + c2.1) Tа
2 + (a1.1Q2 + b1.1Q + c1.1) Tа + (a0.1Q2 + b0.1Q + c0.1), 

where Q – consumption of raw materials, m3/h; a, b, с – coefficients of two-factor approximation, 

relative units (Table 4). 
 

Table 4 

Coefficients of two-factor approximation, rel. u. 

Designation Meaning The physical meaning of coefficients 

a2.1 –3.012∙10–7 The coefficient at x2 (the coefficient at higher powers of x) reflects nonlinear components that may 

indicate the presence of curvature, fluctuations, or other complex dependencies in the process b2.1 1.189∙10–4 

c2.1 2.724∙10–3 

a1.1 –1.706∙10–5 The coefficient at x1 (linear coefficient) determines the rate of change of the function (slope) relative 

to the variable x (dependence of the consumption of the air cooler with proportional changes in the 

plant load and ambient temperature) 
b1.1 9.369∙10–3 

c1.1 0.01598 

a0.1 –2.542∙10–4 The free term (coefficient at x0) is the initial value of the function at the point x = 0 or the base level 

(the base value of the consumption of the air cooler according to the initial technical parameters and 

equipment data) 
b0.1 0.3818 

c0.1 76.87 

 

It is necessary to take into account the context of the problem, the physical meaning of variables 

and units of measurement when interpreting coefficients. Not all coefficients may have an obvious 

physical meaning in each particular case, some of them may simply be mathematical artifacts reflecting 

the complexity of the process being approximated. A formula for calculating the standard power con-

sumption for the air cooler AVZ-20-2.5-B1/8-4-6 was formed based on the results of determining the 

coefficients of two-factor approximation 
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f (Q, Tа) = (–3.012∙10–7Q2 + 1.189∙10–4Q + 2.274∙10–3)Tа
 2

 +  

+ (–1.706·10–5Q2 + 9.369·10–3Q + 0.01598) Tа + (–2.542·10–4Q2 + 0.3818Q + 76.87). 

 

The obtained dependence allows us to calculate the value of the power consumption of the air 

cooler at a specific time. Additionally, the sensitivity of the model to the input data is analyzed. When 

checking the model based on test values for plant loading (raw material consumption) and changes in 

ambient temperature for the calculation period, it was found that with various combinations of errors 

in setting the ambient temperature by ±2 °C and/or raw material consumption by ±5 %, the change in 

the calculated value of the power consumption standard was up to 1.5 %. 

The resulting solution can be the basis (source data) for the formation of a database of statistical 

data for determining the standard of electricity consumption and subsequently used for the following 

purposes: 

• planning the volume of electricity consumption and reducing energy consumption in the plan-

ning and economic processes of enterprises; 

• identification of equipment and nodes with increased electricity consumption in order to de-

velop plans for replacement, reconstruction, and modernization of installations; 

• analysis of electric energy costs as part of the development of schedules for preventative and 

predictive maintenance and future energy conservation and energy efficiency programs; 

• creation and implementation of digital twins at production facilities, models for forecasting 

electricity and power consumption, energy management systems with the integration of IoT sensors 

and other intelligent devices. 

Conclusion 

The issue of reducing the cost of electricity consumption for industrial enterprises with an annual 

growing demand for electricity and, as a result, the introduction of energy-saving and energy effi-

ciency-enhancing measures is becoming urgent. However, the development of such measures is im-

possible without an accurate assessment of the power consumption of various types of equipment 

involved in the production process. 

The electrical consumption of air coolers at a gas processing plant was considered in the frame-

work of this study. A methodology has been developed that makes it possible to determine with high 

accuracy the standard consumption of electric power by an air cooler, depending on two changing 

factors – the ambient temperature and the load of the gas processing plant (the RMSE of the calculated 

and approximating values according to the results of the study does not exceed 1 %). The formula for 

calculating the standard electric power consumption for a specific air cooler in the installation under 

consideration was determined based on the results of the study. 

The methodology can be used by employees of gas processing enterprises to determine the 

standard electricity consumption of air coolers under changing external and technological factors. 

This technique, developed and implemented in the Microsoft Office Excel software, allows its use by 

administrative, technical and production personnel without the use of specialized equipment or soft-

ware, which would be a laborious process. In particular, it is possible to use the methodology in the 

R7-Office software for enterprises that have switched to the Russian office application package. 

The further direction of the research work is to test the developed calculation methodology at 

gas processing and/or transportation enterprises, namely, comparing the obtained standard values 

with real statistical data recorded at the enterprise, conducting field measurements, assessing the fac-

tors affecting electricity consumption and the degree of their influence. 

Such factors may include the following: 

• geographical location and microclimate of the facility; 

• physical obsolescence and deterioration of equipment; 
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• the absence or presence of seasonal changes in the fan blades impinging angle in spring and 

autumn due to changes in air density (the effect of temperature on the operating mode of the air cooler 

is only partially compensated because the adjustment is discrete, as a result, inaccurate maintenance 

of gas temperature and increased energy costs, since turning on the fans of the air cooler does not 

lead to the required temperature reduction, however, the possible savings in electrical energy are up 

to 10 %); 

• irregular or untimely cleaning of the finned surface of the heat exchange pipes of the air cooler 

(hydrates form on the walls of the pipes of the heat exchange sections at low outdoor temperatures, 

as a result of which the gas cooling efficiency deteriorates, pressure losses in the heat exchange sec-

tions increase, mechanical deformation and destruction of the pipes of the heat exchange sections 

occur); 

• design and operational features of the air cooler (lifting the structures of the units above ground 

level, the use of heat exchange pipes with a maximum finning coefficient, or, for example, the use of 

composite materials in the design of impellers, which will increase the efficiency of fans due to a 

more advanced aerodynamic shape of the blades and ensure the possibility of reducing the power 

consumption of the air cooler by up to 40 %); 

• fan activation method (fans can be loaded in different ways depending on the switching method 

– in parallel, when all fans are turned on at the same time and work the same way, or sequentially, 

when one fan is loaded to 100 % first, then the next, etc.); 

• air flow control, the degree of engine load (lack of regulation, regulation by means of blinds or 

a frequency-controlled drive, for example, reducing the power of a drive not designed to operate as 

part of a frequency-controlled drive, with frequency control by more than 30 % leads to overheating 

of the windings and reduced service life, while the presence of a frequency-controlled drive provides 

energy savings of up to 20 %); 

• the quality of the source data (requires statistics on the electricity consumption of each piece 

of equipment installed at the research facility, in addition to the working documentation and equip-

ment passports), etc. 

Based on the results of testing the methodology at gas processing plants, studies can be 

conducted aimed at developing predictive analytics methods to identify signs of equipment wear at 

an early stage, and measures can be developed to save energy and increase energy efficiency, reduce 

electricity costs. 
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