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Abstract: - The study of the factors for the influence of the centralized municipal heat supply system on the 

comfort of the living environment. A technique is described that helps optimizing the positive effect of the heat 

and power system on the comfort of the living environment. This technique is based on the Data Envelopment 

Analysis (DEA) method. The article describes the method, considers the basic model used in the study. In 

accordance with the task set in the study, the indicators for the objects of the heat and power system were 

optimized to improve the comfort of the living environment. The Decision-Making Unit (DMU) inputs and 

outputs are determined, and a suitable DEA model for solving this problem is determined. heat and power plants 

and boiler houses of the region with a particularly severe and cold climate were selected as the studied DMUs. 
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The DEA model made it possible to adjust the performance of urban heat and power plants and boiler houses in 

such a way as to increase the comfort of the urban living environment. The approbation was carried out on specific 

indicators for the objects of the centralized municipal heat supply system in the city of Krasnoyarsk. Twelve 

DMUs from boiler houses and heat and power plants were analyzed. A calculation was carried out to optimize 

the performance of DMU data to improve the comfort of the living environment in the city of Krasnoyarsk. As a 

result of the study, it was revealed that seven objects of the system work in an optimal mode. Five objects of the 

system are not working in an optimal mode. Accordingly, these five objects revealed deviations in performance 

indicators from the recommended optimal values for solving the task set in the study. For these five objects, the 

performance indicators were adjusted in the optimal mode when solving the problem of improving the comfort 

of the living environment. That will contribute to improving the environmental situation in the city, especially in 

residential areas. This technique was applied to optimize the influence of the centralized municipal heat supply 

system on the comfort of the residential environment in the city of Krasnoyarsk. And it can be used in the future 

to solve this kind of problems. It is assumed that this technique can be applied to other regions with particularly 

severe and cold climates. The results of this study will be applied to the development of an automated 

geoinformation system, as well as an expert system of residential complexes in the city of Krasnoyarsk.     
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1 Introduction 
The development of the global fuel and energy 

complex largely depends on the state of the heat 

economy and the possibility of creating comfortable 

operating conditions for consumers. This is 

especially important for regions with a severe and 

cold climate. Moreover, the life support of such areas 

requires a high level of preparation and functioning 

of the heat and power system for residential and 

industrial complexes. 

The increasing electricity demand every year has 

a stimulating effect on the development of heat and 

power systems. Power engineers worldwide are 

working towards improving heat and power plants, 

increasing their reliability, environmental safety, and 

efficiency. Heating takes a significant place in the 

energy complex of many countries. Heating is 

understood as the process of consumers centralized 

provision with heat energy obtained at heat and 

power plants using a combined method of generating 

heat and electric energy [1].  

The peculiarity of the modern heat grid is its high 

social role-ensuring the vital activity of the country 

population. Therefore, for the Nordic countries, high-

quality heating of territories becomes an essential 

social task and has a high impact on the comfort of 

the living environment. The existing heating system 

of multi-stored residential buildings is organized as a 

central heating system. The central heating system is 

understood as the heat grid of consumers from heat 

sources through a common heating grid [2]. The 

housing and communal sector consumes a significant 

amount of heat for technological needs and heating, 

ventilation, and hot water supply. Depending on 

many factors, such as the location of the housing 

complex, capacity, the presence or absence of 

centralized heat supply system enterprises, and other 

factors, the heat and power system for such a 

complex can be of varying degrees of complexity. 

However, in any case, improving the reliability, 

safety, and efficiency of heat and power systems and 

equipment is one of the most important economic 

tasks for such housing complexes [3].  

On the other hand, massive amounts of harmful 

emissions are emitted into the atmosphere during the 

operation of urban heat and power plants, boiler 

houses of heat, and power systems to provide heat to 

housing and communal services. In this regard, for 

many northern regions with a high development of 

industrial and housing infrastructure, there is a 

negative environmental situation. This factor has a 

huge impact on the comfort indicators of the living 

environment. Furthermore, many urban heat and 

power plants and boiler houses are located within the 

city limits and pollute the surrounding areas with 

residential buildings to a greater extent. The transfer 

of such enterprises outside the city is a very time-

consuming, costly, and lengthy process. Therefore, 

we consider it very important to create a comfortable 

living environment to carry out measures to improve 

heat and power plants and boiler houses toward their 

environmental safety. 

Thus, we can say that the heat and power system has 

a huge impact on the comfort indicators of the 

WSEAS TRANSACTIONS on POWER SYSTEMS 
DOI: 10.37394/232016.2021.16.34

A. Stupina, M. Pokushko, O. Shagaeva, 
I. Medina-bulo, E. Dresvianskii, 

R. Kuzmich, O. Antamoskin, M. Tsepkova

E-ISSN: 2224-350X 345 Volume 16, 2021



residential environment and requires more detailed 

research and study in this context. Following this, it 

seems possible for us to investigate the influence 

factors of the centralized municipal heat supply 

system on the residential environment's comfort and 

build a methodology based on the Data Envelopment 

Analysis (DEA) method that will optimize this 

influence. 

 

2 Problem Formulation 
When functioning of different technical systems 

in a single space and interaction, their regulation 

arises while observing all the features of these 

systems. In our opinion, technical problems requiring 

solutions in interdisciplinary exchange are of high 

scientific interest because they need interaction from 

scientific groups of different subject areas. In this 

case, we consider it reasonably relevant and exciting 

to assess the functioning of the heat and power 

system under the prism of the comfort for the 

residential environment in the context of the housing 

and communal sector. 

The constantly increasing costs of heating energy 

to compensate for the insufficient temperature inside 

residential complexes are one of the critical problems 

of housing construction in the northern regions. 

Therefore, one of the main criteria in the real estate 

market is the necessary level of heat comfort, 

achieved not only by the building's enclosing 

structures but also by the required power of the 

building's heating devices as a whole.  

The concept of the living environment comfort 

includes a number of different factors and criteria 

with possible variations for each specific study area. 

We considered these factors in previous publications 

[4]. One of the factors influencing the perception of 

the living environment comfort is the microclimate 

inside residential buildings, which consistently 

includes a number of parameters that affect the 

person's perception of the live environment and the 

stability and resistance of the building structures in 

residential buildings. The parameters of the 

microclimate include heat comfort, humidity, 

insolation, as well as aeration. Accordingly, for 

regions with a particularly severe and cold climate, 

one of the most important parameters that are focused 

on when buying a residence is the heat comfort of 

residential buildings.  

Many Russian and foreign studies have been 

devoted to solving this problem. In Russian research 

dedicated to heat comfort, several works can be 

distinguished devoted to determining the most 

comfortable parameters of heat comfort in a 

residential building for a person. In the work of 

Burlachenko N. L. [5], heat comfort is considered as 

one of the most important indicators of the living 

environment comfort. In the study of Gerasimov A. 

I. and Saltykov I. P. [6] an approach to assessing the 

level of internal conditions comfort in residential 

buildings created by "passive" or structural 

construction methods is considered. The work of 

Usmonov Sh. Z. [7] is interesting for a 

comprehensive analysis of the microclimatic 

parameters of a residential building to establish the 

maximum air temperature values in the buildings 

during the heating period. Finally, the study of M. V. 

Prorokova and V. V. Bukhmirov [8] reveals a new 

method for assessing the quality of the microclimate, 

which can be used in the design of heat grids.  

Foreign researchers have attempted to optimize 

the cost of heat energy to create a comfortable indoor 

air temperature. A block of such works is represented 

by the study of Chen X., Wang Q., Srebric J. [9], 

Gallardo A., Palme M., Lobato-Cordero A., Beltrán 

R. D., Gaona G. [10], Genco A., Viggiano A., 

Viscido L., Sellitto G., Magi V. [11]. 

The block of studies of heat comfort as an integral 

part in the design of a modern residential building, as 

well as the energy efficiency of the building, is 

presented in the works of Hoof J., Mazej M., Hensen 

Jan L. M. [12], Kajtar L., Nyers J., Szabo J., 

Ketskemety L., Herczeg L., Leitner A., Bokor B. 

[13], as well as Olesen B. W. Seelen J [14], Nguyen 

A. T., Singh M. K., Reiter S. [15]. 

At the same time, the next important factor is the 

problem of ecology: low air quality requires the 

regulation of emissions of heat and power plants 

(HPP) and boiler houses, often located within the city 

boundaries. When fuel is burned, a massive amount 

of harmful emissions is released into the atmosphere. 

These include volatile organic compounds, solid ash 

particles, gaseous oxides of sulfur and nitrogen, 

volatile compounds of heavy metals. All this 

significantly worsens urban air quality, especially in 

residential areas located near such objects of the heat 

and power system. 

The following works are devoted to solving the 

environmental problem in the heat and power system 

[16-18], etc. Furthermore, the following publications 

are dedicated to inventions and innovations that can 

improve heat and power plants in the direction of 

their environmental safety [19,20], etc. In these 

works, new technologies for cleaning the fuel used by 

the HPP, the creation, production, and installation of 

special cleaning filters at the HPP, the construction 

of new heat and power plants designed initially 

considering modern environmental requirements are 

considered. The methods proposed above are quite 

expensive, therefore they do not help to completely 

solve the problem at the moment.  
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An approach based on the DEA method to 

optimize the influence of the centralized municipal 

heat supply system on the comfort of the living 

environment has not been considered in the literature 

before. 

In this study, it seems quite relevant to describe a 

methodology that will optimize the impact of the 

centralized municipal heat supply system on the 

comfort of the residential environment. This method 

will be based on the DEA method. This will allow us 

to select the leading performance indicators of urban 

heat and power plants (HPP) and boiler houses that 

affect the comfort of the living environment and 

optimize their indicators. Thus, the DEA method will 

help to adjust the performance of urban heat and 

power plants and boiler houses in such a way as to 

increase the comfort of the urban living environment. 

These aspects will be described in detail in the next 

section. 

 

3 Problem Solution 
So, in this section, we will describe a technique 

that will improve the comfort of the urban living 

environment. This method is based on the DEA 

method.  

The method was first formulated by scientists 

Charnes, Cooper, and Rhodes in 1978. It was based 

on the method of mathematical programming and 

was widely developed in the following years. In the 

previous publication, we described the history of this 

method development and the main scientific works 

published [21].  

The method was used in various fields to evaluate 

the effectiveness of the studied objects. For example, 

this method has been used to measure the efficiency 

of service enterprises [22], automobile industry [23], 

agricultural industry [24], ecology [25], information 

systems [26], transport [27], etc. 

However, many authors give different definitions 

of this method. For example, according to [28], DEA 

is a linear programming quantitative method to 

evaluate production boundaries and evaluate the 

relative useful actions of identical production 

facilities, called decision-making units by scientists. 

The DEA method is a fairly powerful comparative 

analysis tool that has found wide application to 

measure productivity in organizations [29]. In 

addition, DEA helps use multiple inputs and outputs 

in a linear software model [30]. 

It is also worth pointing out the main limitations 

of the DEA method, highlighted by scientists [31]: 

- the method is not recommended to analyze small 

samples; 

- the method measures relative efficiency, that is, 

it helps to compare objects only with each other; 

- when calculating using the DEA method, noise 

or Outliers may appear. 

DEA models are divided into input-oriented 

models and output-oriented models [3] 

min
𝜃,𝜆,𝑆−.𝑆+

{𝜃 − 𝜀(∑ 𝑆𝑘
− +𝑚

𝑘=1 ∑ 𝑆𝑖
+𝑟

𝑖=1 )}                 (1) 

Under the following specified constraints: 

𝜃𝑥𝑘0 − ∑ 𝑥𝑘𝑗𝜆𝑗−𝑆𝑘 
−=0

𝑛
𝑗=1 , k=1,   m, 

∑ 𝑥𝑖𝑗𝜆𝑗
𝑛
𝑗=1 − 𝑆𝑖

+ = 𝑦𝑖0, i=1,…r, 

𝜆𝑗 ≥ 0, j=1,...,n, 

𝑆𝑘 
− ≥ 0, k=1,...,m, 

𝑆𝑖
+ ≥ 0, i=1,…,r. 

In order to avoid calculating the small parameter 

ε Charnes, Cooper and Rhodes proposed to solve this 

problem in 2 stages [26]. 

First, the first problem of the form is solved: 

𝑚𝑖𝑛𝜃                                                                      (2) 

under the following specified constraints: 

𝜃𝑥𝑘0 − ∑ 𝑥𝑘𝑗𝜆𝑗−𝑆𝑘 
−=0

𝑛
𝑗=1 , k=1,   m, 

∑ 𝑥𝑖𝑗𝜆𝑗
𝑛
𝑗=1 − 𝑆𝑖

+ = 𝑦𝑖0, i=1,…r, 

𝜆𝑗 ≥ 0, j=1,...,n, 

𝑆𝑘 
− ≥ 0, k=1,...,m, 

𝑆𝑖
+ ≥ 0, i=1,…,r. 

Then the optimal value of the functional 𝜃∗ is 

fixed and the second problem is solved: 

𝑚𝑎𝑥(∑ 𝑆𝑘
− +𝑚

𝑘=1 ∑ 𝑆𝑖
+𝑟

𝑖=1 )                                    (3) 

under the following specified constraints: 

𝜃∗𝑥𝑘0 − ∑ 𝑥𝑘𝑗𝜆𝑗−𝑆𝑘 
−=0

𝑛
𝑗=1 , k=1,   m, 

∑ 𝑦𝑖𝑗𝜆𝑗
𝑛
𝑗=1 − 𝑦𝑖0−𝑆𝑖

+ = 𝑦𝑖0, i=1,…r, 

𝜆𝑗 ≥ 0, j=1,...,n, 

𝑆𝑘 
− ≥ 0, k=1,...,m, 

𝑆𝑖
+ ≥ 0, i=1,…,r. 

There is also an output model. This model has the 

following form [27]: 

min
𝜂,𝜆,𝑆−.𝑆+

𝜂                                                             (4) 

under the following specified constraints: 

∑ 𝑥𝑗𝜆𝑗
𝑛
𝑗=1 −𝑆𝑘

− = 𝑥0  

∑ 𝑦𝑗𝜆𝑗
𝑛
𝑗=1 −𝑆𝑖

+ = 𝜂𝑦0  

𝜆𝑗 ≥ 0, j=1,...,n, 

𝑆− ≥ 0, 

𝑆+ ≥ 0. 

The DEA method helps to solve various problems 

of measuring the effectiveness of the studied objects. 

For example, in previous articles we evaluated the 

efficiency of the fuel and energy complex facilities, 

optimizing the technical indicators of the inputs and 

outputs of the studied enterprises. That is, the 

technical efficiency of the heat and power system as 

a whole was evaluated. In this study, we set a 

different task. And we will optimize the indicators of 
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the heat and power system facilities to improve the 

comfort of the living environment. In accordance 

with this task, the DMU inputs and outputs will be 

determined. And also, a suitable DEA model has 

been determined to solve this problem. 

Move on to the formation of indicators of inputs 

and outputs in accordance with the task being solved. 

Above, we have described the main factors of the 

influence of the heat and power system on the 

comfort of the living environment. The main objects 

of the centralized municipal heat supply system that 

can have this effect are heat sources. In the urban 

environment, they are HPP and boiler houses. Most 

often, these are enterprises that require 

modernization, built more than 30 years ago. 

Therefore, the environmental factor described above 

is created by the sources of the centralized municipal 

heat supply system: HPP and boiler houses. It is 

impossible to move these objects of the heat and 

power system beyond the boundaries of the urban 

environment soon because this primarily requires 

significant financial investments. 

For the same reason, it is impossible to carry out 

a rapid modernization of such facilities. Work in this 

direction is being carried out in many countries. But 

it is not yet possible to completely solve the problem 

since it takes time to implement measures in this 

direction systematically. At the same time, residential 

development is continuously carried out in the nearby 

areas from the location of HPP and boiler houses. 

And the population living in these areas is forced to 

get used to these unfavorable environmental 

conditions. Accordingly, the comfort of the living 

environment is significantly reduced for such areas, 

especially during heating periods. And in regions 

with a particularly severe and cold climate and high 

development of residential and industrial 

infrastructure, an environmental problem that 

worsens the comfort of the living environment 

becomes a problem not of individual districts but of 

the entire city. Therefore, we believe that it is quite 

relevant to optimize HPP and boiler houses' operation 

by minimizing the emission mass index for such 

facilities. 

Consequently, we will reduce this indicator. The 

mass index of the emission (thousand tons per year) 

will be the output parameter. When using the DEA 

method, if it is necessary to minimize part of the 

output indicators, in our case - the mass of emissions 

from boiler houses, for calculations, not the actual 

values of the output indicators are used, but their 

deviations from the threshold value set at a level 

exceeding the values of these indicators for all the 

studied objects [32]. 

We described above that another critical factor 

that also affects the perception of the living 

environment comfort is the microclimate inside 

residential buildings, which includes several 

parameters that affect not only the perception of the 

living environment by a person but also the stability 

and resistance of the building structures in residential 

buildings. For regions with a particularly severe and 

cold climate, one of the most important parameters 

that are used when buying a house is the heat comfort 

of residential buildings. Analyze this issue from the 

point of view of optimizing this parameter by 

adjusting the performance indicators of HPP and 

boiler houses. Accordingly, it is possible to increase 

heat comfort due to the indicator of HPP plants and 

boiler houses: the release of heat energy to the grid. 

Furthermore, heat consumption by housing and 

communal services is constantly growing due to the 

appearance of new housing complexes and 

enterprises. Accordingly, the indicator of the release 

of heat energy to the grid tends to increase. 

So, we have determined the output indicators for 

the DEA model. 

Now move on to the input indicators. When 

setting the task of improving the comfort of the living 

environment, one input indicator is enough for us: the 

available capacity for the equipment of heat and 

power plants and boiler houses. Since they will not 

be able to produce more heat energy than their 

capacity can allow. Therefore, when setting up output 

indicators, it is necessary to consider this input 

indicator. 

Thus, we have determined the input and output 

indicators for the DEA model. We have one input: 

the available heat power (Gcal / hour) and two 

outputs: the heat energy supply to the grid (thousand 

Gcal per year) and the mass of the emission (thousand 

tons per year). In this study, the above units of 

measurement are taken at the specified inputs and 

outputs. And, accordingly, the units of measurement 

will not be indicated in the tables of the above 

calculations for convenience and compactness of data 

presentation. 

Now set a goal for the DEA model – to increase 

the output volume without increasing the input. So, 

with a certainly available heat capacity of HPP and 

boilers, which cannot be changed, we need to 

increase the amount of energy released to the grid, as 

well as reduce the number of emissions (in this case, 

as we described above, increase the deviation for the 

mass of emissions from the threshold value).  

Accordingly, we will use the output-oriented 

DEA model for calculations. 

According to the presented methodology, the 

results of calculations will contain indicators of 
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optimal parameters for all values of the inputs and 

outputs of the system when solving the problem of 

improving the comfort of the living environment. 

Now we are testing this technique on specific 

indicators of the inputs and outputs for objects. For 

example, take the indicators of HPP and boiler 

houses of the centralized municipal heat supply 

system in Krasnoyarsk, which belongs to a region 

with a particularly cold climate. In addition, it has a 

reasonably developed housing and industrial 

infrastructure and is one of the cities in Russia with 

an unfavorable environmental situation. 

Based on the project "Heat and power scheme in 

the city of Krasnoyarsk until 2033", we will analyze 

this city's centralized municipal heat supply system; 

observations were conducted for two years. In the 

article, we will present only the primary data of the 

study. The main indicators of the inputs and outputs 

in the studied DMUs are given in table 1. In this table, 

the Emission mask indicator reflects the value 

considering deviations from the threshold value for 

the sample. The threshold value is 22 thousand tons 

per year. 

Table 1. Source data – a list of DMUs, inputs, 

outputs. 

Inputs and outputs Value 

DMU 1 

Available heat power 1474 

Heat energy supply to the grid 3521 

Emission mass 814.3 

DMU 2  

Available heat power 1305 

Heat energy supply to the grid 3450 

Emission mass 3761.7 

DMU 3  

Available heat power 651.5 

Heat energy supply to the grid 1934 

Emission mass 9324 

DMU 4  

Available heat power 279 

Heat energy supply to the grid 452.6 

Emission mass 21020.7 

DMU 5  

Available heat power 156.4 

Heat energy supply to the grid 384.9 

Emission mass 19772.8 

DMU 6  

Available heat power 349.8 

Heat energy supply to the grid 785.6 

Emission mass 15548.4 

DMU 7  

Available heat power 143.2 

Heat energy supply to the grid 443.4 

Emission mass 15220 

DMU 8  

Available heat power 98.6 

Heat energy supply to the grid 87.8 

Emission mass 19769 

DMU 9  

Available heat power 343 

Heat energy supply to the grid 453.4 

Emission mass 19289.4 

DMU 10  

Available heat power 128 

Heat energy supply to the grid 177.6 

Emission mass 20215 

DMU 11 

Available heat power 68.6 

Heat energy supply to the grid 78.4 

Emission mass 20758.5 

DMU 12  

Available heat power 59.6 

Heat energy supply to the grid 89 

Emission mass 20170.4 

Based on the presented data, we will determine 

the scale effect for the output-oriented DEA model. 

This study will use a variable return to scale [33] 

since the data set is quite heterogeneous and has a 

large spread. The coefficient of variation for 

indicators of available heat capacity is 117.67%, for 

indicators of heat energy supply to the grid is 

130.74%, and for indicators of emission, mass is 

97.98%. 

To perform the calculations, we will use the Data 

Envelopment Analysis Program (DEAP) software of 

the University of New England in Australia, 

Professor T. Coelli [21]. 

For clarity and compactness of the presentation in 

calculated performance indicators by the DEA 

method, we group the effective DMUs into a separate 

table 2. 

Table 2. Optimal DMU indicators when solving 

the problem of improving the comfort of the living 

environment. Effective objects. 

Inputs and outputs Value 

Differe

nce 

between 

values 

Differ

ence 

in  

% 

DMU 1 1 

Available heat power 0 0% 

Heat energy supply to the grid 0 0% 

Emission mass 0 0% 

DMU 2  1 

Available heat power 0 0% 

Heat energy supply to the grid 0 0% 
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Emission mass 0 0% 

DMU 3 1 

Available heat power 0 0% 

Heat energy supply to the grid 0 0% 

Emission mass 0 0% 

DMU 4 1 

Available heat power 0 0% 

Heat energy supply to the grid 0 0% 

Emission mass 0 0% 

DMU 5 1 

Available heat power 0 0% 

Heat energy supply to the grid 0 0% 

Emission mass 0 0% 

DMU 11 1 

Available heat power 0 0% 

Heat energy supply to the grid 0 0% 

Emission mass 0 0% 

DMU 12 1 

Available heat power 0 0% 

Heat energy supply to the grid 0 0% 

Emission mass 0 0% 

Now we will explain the results obtained, present 

recommendations, and conclude. So, table 2 shows 

all the calculated indicators and recommended values 

according to the methodology described in the study. 

As shown in Table 2, the objects numbered 1-5, 

numbers 11,12 - the centralized municipal heat 

supply systems in the city of Krasnoyarsk function in 

an optimal mode relative to the studied task– 

improving the comfort of the living environment. 

Therefore, their efficiency indicator relative to the 

impact on the comfort of the living environment is 

the maximum possible value and is equal to 1. So, it 

is unnecessary to adjust the indicators of the inputs 

and outputs for seven objects of the centralized 

municipal heat supply system in Krasnoyarsk to 

improve the comfort of the living environment since 

they are already working in the optimal mode. 

Next, we present table 3 with calculated 

performance indicators using the DEA method for 

inefficient DMUs (with an efficiency coefficient of 

less than 1). 

Table 3. Optimal DMU indicators when solving 

the problem of improving the comfort of the living 

environment. Inefficient objects. 

Inputs and outputs Value 

Differe

nce 

between 

values 

Differ

ence 

in  

% 

Object 6  0.902 

Available heat power, Gcal / 

hour 

0 0% 

Heat energy supply to the 

grid, thousand Gcal per year 

86.135 11% 

Emission mass, thousand tons 

per year 

1685.5 10.8% 

Object 7  0.948 

Available heat power, Gcal / 

hour 
0 0% 

Heat energy supply to the 

grid, thousand Gcal per year 
23.1 5.4% 

Emission mass, thousand tons 

per year 
4190.2 27.5% 

Object 8  0.951 

Available heat power, Gcal / 

hour 
0 0% 

Heat energy supply to the 

grid, thousand Gcal per year 
44.9 54.1% 

Emission mass, thousand tons 

per year 
1026.9 5.2% 

Object 9  0.925 

Available heat power, Gcal / 

hour 
-74.4 -20% 

Heat energy supply to the 

grid, thousand Gcal per year 
35.3 8.2% 

Emission mass, thousand tons 

per year 
1572 8.2% 

Object 10  0,972 

Available heat power, Gcal / 

hour 
0 0% 

Heat energy supply to the 

grid, thousand Gcal per year 
8.4 5.4% 

Emission mass, thousand tons 

per year 
585.8 2.9% 

Now we will explain the results obtained, present 

recommendations, and conclude. So, table 3 shows 

all the calculated indicators and recommended values 

according to the methodology described in the study. 

But as we can see from Table 3, the remaining five 

objects of the city's centralized municipal heat supply 

system have an efficiency indicator relative to the 

impact on the comfort of the living environment less 

than 1. 

Accordingly, these objects have inputs and 

outputs from the recommended optimal values for 

solving this problem. So, for five objects with a 

coefficient of less than 1, it is required to configure 

the input and output indicators to work in the optimal 

mode to increase the comfort of the living 

environment in Krasnoyarsk. 

Look at these objects in more detail. 

For object number 6, with the existing maximum 

available capacity, it is required to increase the 

supply of thermal energy to the grid by 11%. At the 

same time, the mass of the ejection must be reduced 

by 10.8%. 
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For object number 7, with the existing maximum 

available capacity, it is required to increase the 

supply of thermal energy to the grid by 5.4%. At the 

same time, the mass of the ejection must be reduced 

by 27.5%. 

For object number 8, it is recommended, with the 

existing maximum available capacity, to increase the 

supply of thermal energy to the grid by 54.1%. At the 

same time, the mass of the ejection must be reduced 

by 5.2%. For object number 9, it is required to 

increase the supply of thermal energy to the grid by 

8.2% while reducing the existing available capacity 

by 20%. At the same time, the mass of the ejection 

must be reduced by 8.2%. 

For object number 10, with the existing maximum 

available capacity, it is required to increase the 

supply of thermal energy to the grid by 5.4%. At the 

same time, the mass of the ejection must be reduced 

by 2.9%. 

Thus, with this set of the recommended values of 

the input and output parameters, it is possible to 

optimize the operation for objects of the centralized 

municipal heat supply system to increase the comfort 

of the residential environment in the city of 

Krasnoyarsk without significant financial 

investments. 

 

4 Conclusion 
In this article, the factors of the influence of the 

heat and power system on the comfort of the 

residential environment were studied. A technique 

was described that helps to optimize the influence of 

the centralized municipal heat supply system on the 

comfort of the living environment. The peculiarity of 

modern heat supply is its high social role - ensuring 

the vital activity of the population in the country. 

Therefore, for the Nordic countries, high-quality 

heating of territories becomes a very important social 

task and has a high impact on the comfort of the 

living environment. This article was devoted to 

solving this problem.  

The presented methodology is based on the DEA 

method. In the article, we presented a description of 

the method and considered the basic model used in 

the study. The DEA method makes it possible to 

select the main performance indicators of urban heat 

and power plants and boiler houses that affect the 

comfort of the living environment and optimize them. 

This method helps to adjust the performance of urban 

heat and power plants and boiler houses in such a way 

as to increase the comfort of the urban living 

environment. This technique has not been previously 

considered in world scientific literature. 

The presented methodology was tested on specific 

performance indicators of heat and power plant 

facilities and boiler houses of the centralized 

municipal heat supply system in Krasnoyarsk. It 

belongs to a region with a particularly cold climate. 

Nevertheless, it has a reasonably developed housing 

and industrial infrastructure, being one of the cities of 

Russia with an unfavorable environmental situation. 

For the calculations carried out in the study, data 

from the document "Heat and power scheme in the 

city of Krasnoyarsk until 2033" were used. Based on 

which the objects of the centralized municipal heat 

supply system of the city were analyzed. The 

observations were conducted over two years. 

Therefore, the article presents only the main results 

of the study. The Data Envelope Analysis Program 

(DEAP) software in the University of New England 

in Australia, Professor T. Coelli, was used to perform 

the calculations. 

We analyzed twelve objects of Krasnoyarsk's 

centralized municipal heat supply system from 

among boiler houses and heat and power plants. A 

calculation was made to optimize the performance of 

these facilities to improve the comfort of the living 

environment in Krasnoyarsk. Seven objects of the 

system work in an optimal mode. So, it is 

unnecessary to adjust the indicators of the inputs and 

outputs for seven objects of the city's centralized 

municipal heat supply system to improve the comfort 

of the living environment since they are already 

working in an optimal mode. 

Five objects of the centralized municipal heat 

supply system in Krasnoyarsk have an efficiency 

indicator relative to the solved task of improving the 

comfort of the living environment less than 1. 

Accordingly, these objects have inputs and 

outputs from the recommended optimal values for 

solving this problem. So, for five objects with a 

coefficient of less than 1, it is required to configure 

the inputs and outputs to work in an optimal mode to 

increase the comfort of the living environment in 

Krasnoyarsk. 

Thus, for object number 6, with the existing 

maximum available capacity, it is required to 

increase the supply of thermal energy to the grid by 

11%. At the same time, the mass of the ejection must 

be reduced by 10.8%. 

For object number 7, with the existing maximum 

available capacity, it is required to increase the 

supply of thermal energy to the grid by 5.4%. At the 

same time, the mass of the ejection must be reduced 

by 27.5%. 

For object number 8, it is recommended, with the 

existing maximum available capacity, to increase the 

supply of thermal energy to the grid by 54.1%. At the 

same time, the mass of the ejection must be reduced 

by 5.2%. 
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For object number 9, it is required to increase the 

supply of thermal energy to the grid by 8.2% while 

reducing the existing available capacity by 20%. At 

the same time, I need to reduce the mass of the 

ejection by 8.2%. 

For object number 10, with the existing maximum 

available capacity, it is required to increase the 

supply of thermal energy to the grid by 5.4%. At the 

same time, the mass of the ejection must be reduced 

by 2.9%. 

Thus, with this set of the recommended values of 

the input and output parameters, it is possible to 

optimize the operation of objects of the centralized 

municipal heat supply system to increase the comfort 

index of the residential environment in the city of 

Krasnoyarsk without significant financial 

investments. That will contribute to improving the 

environmental situation in the city, especially in 

residential areas. This technique was applied to 

optimize the influence of the centralized municipal 

heat supply system on the comfort of the residential 

environment in the city of Krasnoyarsk and can be 

further used to solve such problems. The study has 

not been tested at facilities in other territories. But it 

is assumed that this technique can be applied to other 

regions with a particularly severe and cold climate. 

The results of this study will be applied to the 

development of an automated geoinformation 

system, as well as an expert system of residential 

complexes in the city of Krasnoyarsk.   
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