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Abstract. Nowadays, the problems of the impact of pollutants’ emissions from industrial facilities, 
which include energy facilities, are attracting more and more attention in the world. Different 
international and governmental organizations issue decrees and recommendations on pollutants 
emission reduction. This, in turn, requires technologies and tools to assess the impact of current 
facilities, develop recommendations for them to reduce the emissions, and perform evaluation of 
impact for planned facilities. This article discusses a proposed technology for impact assessment 
of energy facilities on region’s environment, methods that are used by this technology. Also, 
architecture and main components of the scientific prototype of intelligent decision-making support 
system to support this technology are provided and results of approbation are shown. 

1 Introduction 

According to the Energy strategy of the Russian 

Federation until 2035 [1], ones of the priorities are: 

moving to the environmentally friendly and resource-

saving energy (1) and rational use of natural resources and 

energy efficiency (2). National project “Ecology” 

provides the elimination of the most dangerous objects of 

accumulated harm to the environment and the ecological 

improvement of water bodies (including lake Baikal) and 

halving the emission of hazardous pollutants that have the 

greatest negative impact on the environment and human 

health until 2024 [2]. Thus, the problem of assessing the 

impact of pollutants is very urgent. 

Nowadays, environmental assessments of the energy 

objects are carried out through measurements and 

continuous monitoring as well as with usage of statistical 

information, State Reports, and energy objects’ reports.  

[3]. In case of the absence of reliable information, the 

assessment of the impact of energy sector can be carried 

out according to the results of a computational experiment 

using existing methods, approved by Russian 

government. Existing methods, that are used for impact 

assessment of energy objects, are applied separately and 

this fact complicates the process of such complex 

research, and we could not find information on integration 

of these methods.  

In this article, we propose technology for impact 

assessment of energy on region’s environment and 

discuss methods, tools, and information technologies for 

support of this technology. 

2 State of art 

Currently, the issues of the impact of emissions of 

pollutants from industrial facilities, which include energy 

facilities, are attracting more and more attention. 

Models such as HYSPLIT and AERMOD are widely 

used for calculating the dispersion of pollutant emissions. 

Hybrid Single-Particle Lagrangian Integrated 

Trajectory (HYSPLIT) is a complete system for 

computing simple air parcel trajectories as well as 

complex transport, dispersion, chemical transformation, 

and deposition simulations [4], which was developed by 

the National Oceanic and Atmospheric Administration 

(NOAA) Air Resources Laboratory’s (ARL), USA. One 

of the most common model applications is a back-

trajectory analysis to determine the origin of air masses 

and establish source–receptor relationships [5]. It is also 

used for such simulations as: describing the atmospheric 

transport, dispersion, and deposition of pollutants and 

hazardous materials. For example, in [6] HYSPLIT is 

used for production of operational atmospheric trajectory 

and dispersion forecasts twice daily. The developed 

system supports research applications and emergency 

response events that require modelling the transport and 

dispersion of harmful pollutants released to the 

atmosphere. In article [7], to find out the characteristics 

and sources of atmospheric pollutants, researchers 

investigated the temporal and spatial distribution of 

pollutants, using data of typical atmospheric pollutants 

(such as SO2, NO2, PM10, and CO). Then, these features 

were combined with the HYSPLIT model for backward 

trajectory simulation of heavily polluted weather.  

Although, HYSPLIT gained wide usage, it is not 

preferred or recommended model for regulatory purposes 

by U.S. Environmental Protection Agency (U.S. EPA). 
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Main considerations are that the model is unable to 

account for secondary chemical reactions and relies on the 

input meteorological data's resolution, which can have 

coarse temporal and spatial resolution. U.S. EPA prefers 

to use AERMOD [8], atmospheric dispersion modeling 

system is an integrated system that consists of three 

modules [9]: steady-state short-range dispersion model of 

air pollutant emissions, meteorological data preprocessor 

(AERMET), and terrain preprocessor (AERMAP). In 

research [10] AERMOD was used for evaluation of the 

concentrations resulting from the simulation and to make 

comparisons with allowable levels according to current 

law. In [11] AERMOD was used for management of 

building construction because dust and emissions from 

destruction and construction activities (such as PM10 and 

PM2.5) can worsen the quality of air which can harm to 

health and impact upon life quality. In article [12], 

AERMOD is used for the identification of a point-source 

release. For this purpose, an inversion technique based on 

the least squares approach is adopted. Study showed that 

its source location had estimated with an average error 

about 25 m from the real value and the corresponding max 

and min errors were 57 m and 10 m, respectively. And 

study, described in [13] shows that the use of different 

elevation datasets did not influence the evaluation results 

of the AERMOD model in a local scale and complex 

terrain significantly.  

In Russia, methods of calculation of spreading of 

harmful emissions in the atmosphere (or MRR-2017) is 

used often. MRR-2017 allows to calculate maximal 

onetime concentration from the point of emission and 

long-periodic average concentration, calculate spreading 

of harmful emissions considering terrain and weather data 

[14]. In [15] it was used as a part of the project for 

implementation of instrumental monitoring of 

atmospheric air pollution. Researchers in [16] reported 

that they used MRR-2017 for calculation of threshold 

limit values. These methods were also used for 

identification of the most contributing pollutants and 

placing of air monitoring stations [17].  

Research of impact of energy on region’s environment 

were also discussed in [18-20]. 

3 Proposed technology 

Proposed technology for impact assessment of energy 

on region’s environment consists of three stages: 

 Quantitative calculation of pollutants emission. 

 Performing of spreading calculation of pollutants. 

 Comparison of the obtained results with the snow 

measurements results. 

We assume that this technology can be used to conduct 

complex interdisciplinary research at the intersection of 

ecology and energy, and for correct work with this 

technology, it will be necessary to attract specialists from 

these areas. 

Now we will take a closer look at each stage of the 

technology. 

3.1. Quantitative calculation of pollutants 
emission 

At first stage of proposed technology quantitative 

calculation of pollutants emission is performed. This 

calculation utilizes methods for determining emissions of 

pollutants into the atmosphere during fuel combustion in 

boilers, developed by NII “Atmosphere” [21].  

To perform such calculations utilizing this method it is 

required to provide information about technical 

characteristics of energy facilities (boiler types, type, 

classes, and amount of fuel burned, facility’s capacity and 

dust-removal percentage) and data on fuels’ 

characteristics (e.g., humidity for working condition, ash 

content for dry condition, heat of combustion for working 

condition, etc.).  

Support for this stage of the calculation requires an 

inventory base of energy facilities, types of boilers and 

fuels, which contains their technical characteristics, a 

database of sources about the characteristics of fuel, tools 

for interacting with them, as well as tools for creating, 

storing, and viewing the obtained calculation results.  

3.2 Calculation of pollutants spreading 

At second stage calculation of pollutants spreading is 

performed — maximal onetime concentration from the 

point of emission and long-periodic average 

concentration. Calculation utilizes methods of calculation 

of spreading of harmful emissions in the atmosphere 

(MRR-2017) [14]. 

This calculation requires following information:  

 Calculation results from previous stage (amounts of 

pollutants emitted).  

 Weather data (air temperature in facility’s area, speed, 

and direction of a wind) obtained from open access 

sources. 

 Technical characteristics of energy facilities (height 

and diameter of its chimney(-s), temperature of the 

outgoing gas-air (dust-gas-air) mixture) 

From the technical side, to perform calculations at this 

stage, we will need to have inventory base of energy 

facilities, described at the previous stage, that will include 

additional data on facility geographic coordinates (1), 

tools for results management (creation, storage, and 

visualization of the obtained results) (2), and weather  

database with sufficient frequency (frequency is 

understood as the time interval after which information is 

updated) - at least once every twelve hours, although, for 

greater accuracy, it is advisable to use sources with a 

frequency of four to six hours. 

3.3 Storage of pollutants measurement in snow 

At this step, user may add the results of snow 

measurements and/or compare them with the results of 

pollutants emission spreading, obtained on previous stage.  

Results of snow measurements contains data on 

concentration of different pollutants (e.g., SO4, NOX, 

HCO3, etc.) obtained from a set of measurement points. 
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To support this stage, we need to implement database 

for storage of snow measurements results and tools for 

adding and displaying of this data. 

 

As can be seen from the description of the stages of 

technology, its application requires information 

technology and tools for organizing and supporting 

research. For this, a scientific prototype of the intelligent 

decision-making support system (IDSS) WIS was 

implemented, which will be discussed in the next chapter. 

 
Fig. 1. Architecture of IDSS “WIS” 

4 Information tools 

As we mentioned in previous chapter, to support proposed 

technology, we had developed scientific prototype of 

IDSS WIS. Fig. 1. shows its architecture. 

System is implemented using agent-service approach 

for IDSS development [22, 23] which, in turn, is based on 

approach proposed in [24]. As it can be seen from the 

architecture it consists of five main services: 

 Database service 

 Knowledge base service 

 Mathematical modelling tools service 

 Semantic modelling tools service 

 Service of tools for results’ visualization and 

geovisualization. 

For proposed technology support, as a part of “WIS”, 

we developed a set of basic components: 

 Component for quantitative calculation of pollutants 

emission 

 Component for calculation of spreading of pollutants 

emission 

 Component for work with snow measurements 

 Component that handles visualization and 

geovisualization 

 Utilities for work with database of energy facilities, 

boilers characteristics, types, and parameters of fuels 

5 Calculation example 

In this article we will briefly discuss approbation of the 

proposed technology and developed IDSS. For 

approbation we will use data on energy facilities located 

in Baikal Nature Territory. Test set contains 48 energy 

facilities with different parameters and burn coal. In this 

article we will omit the moment of filling in the database 

of energy objects and fuels 

Firstly, we need to perform quantitative calculation of 

pollutants emission Fig.2 and fig.3 demonstrate 

preliminary calculation results made by the system. This 

calculation shows that one of the most polluted zones at 

Baikal Nature Territory is located nearby Slyudyanka 

city, one may see it both from table representation and 

geovisualization (the redder – the more pollutants were 

emitted in this area). 
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Fig. 2. Table representation of obtained results 

 

 
 

Fig. 3. Geovisualization of calculation results 

 

 
 
Fig. 4. Geovisualization of calculation results 

 

On stage 2, we will calculate spreading of pollutants 

from energy facilities using results from the first step and 

weather data. Fig.4 shows spreading of pollutants in April 

2021. The results being displayed are preliminary, 

because now, model does not account terrain which may 

lead to not accurate enough. That can be seen, for 

example, at left part of fig.4 where spreading distance will 

be less due to mountains around Slyudyanka. 

Conclusions and future work 

The article considered the proposed technology for 

assessing the impact of energy facilities on the 

environment, as well as methods and information tools to 

support the described technology. The proposed 

technology makes it possible to assess the impact of both 

existing energy facilities and calculate emissions from the 

planned facilities. The system also allows to develop 

recommendations for reducing the harmful effects of 

emissions from energy facilities, for example, by 

installing additional filters or changing the fuel class.  

In the future, we plan to improve the module for 

calculating the dispersion of emissions of harmful 

substances to consider the terrain, as well as add support 

for additional models for the quantitative calculation of 

emissions of pollutants and the calculation of dispersion 

of emissions, for example, such models as HYSPLIT or 

AERMOD. 
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