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Abstract: In this article we consider authors” information and computational system for energy
facilities” impact assessment on the environment. The necessity of such assessments and development
of this system is substantiated. We developed this system as a Web application using the agent-
service approach. To develop a database for the system, we utilized ontological engineering of energy
and ecology. For assessments, we developed a set of information susbsystems that use approved
regulatory methods. Our system can be used for assessment of the impact of both existing and
planning energy facilities and also for planning measures to reduce the harmful impact of such
facilities. We also performed a set of computational experiments in order to test the developed system.
Experiments have shown the correctness of the methods used, and the results of one of them are
presented in the article.
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1. Introduction

A necessity of impact assessment and requirement for a reduction in the impact
of polluting (harmful) substances from industrial facilities (including energy facilities)
on the environment are gaining more and more attention in the world. Currently, in
the Russian Federation, the following have been approved and taken effect: “Energy
strategy of the Russian Federation until 2035” [1], the national project “Ecology” [2], and
“Strategy for socio-economic development of the Russian Federation with low greenhouse
gas emissions until 2050” [3]. These documents envisage, among other things, a shift to
environmentally friendly and resource-saving energy, the rational use of natural resources,
and a reduction in dangerous polluting substances” emissions [4,5]. Various teams, both
Russian [6,7] and foreign [8,9], perform research on assessing the impact of industrial
facilities on the environment. To carry out impact assessments, the results of measurements
of environmental elements (air, water, soil) are used, as well as monitoring and statistical
information: state reports and reports of industrial facilities. If that information is not
available, then the assessment of the impact of pollutants on the environment is carried out
using officially approved regulatory methods, such as [10,11]. However, these methods
are used separately and we did not find information about attempts to integrate them.
Methods also require a significant amount of information about object of study, starting
from the technical parameters of the facility (brand and model of the boiler, characteristics
of the used fuel) and ending with information about the weather in the area where the
facility is located (wind speed and direction, air temperature) and terrain data. Research
on the impact assessment of energy facilities on the environment is interdisciplinary, as it
requires the involvement of experts from various subject areas, such as energy, ecology,
and economics (to assess the economic feasibility of measures to reduce the harmful effects
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of pollutants). When conducting research, it will also be advisable to be able not only to
assess the current state of environmental pollution, but also to provide an opportunity to
evaluate the effectiveness of measures to reduce the harmful effects of energy facilities and
plan the placement of new facilities.

Based on the above, it is required to develop an information and computational system
(ICS), which will allow for a comprehensive assessment of the impact of energy facilities
on the environment and will include decision support tools to reduce the harmful effects of
these facilities.

2. Methods and Tools Used for Development

To solve the problem mentioned in the introduction, we developed ICS WICS (Web-
oriented Information and Computational System). ICS is based on the authors’ methodical
approach for impact assessment of energy facilities on the environment. A detailed descrip-
tion of this approach was given in [12]. ICS allows us to

*  assess the amount of pollutants from energy facilities and dispersion of these pollu-
tants in the air using approved regulatory methods [10,11,13,14];

*  assess economical damage [15,16];

e work with the results of analysis of snow samples;

e  visualize results.

The components responsible for work with the mentioned methods will be discussed
in the next section.

While developing ICS, we decided to develop it as a multiagent system (or MAS). The
concept of MAS is to increase system’s performance (speed of processing and output results’
quality) by distributing tasks [17]. In [18], a multiagent system is considered as a network
of asynchronous objects that jointly solve problems that cannot be solved by a single agent.
Thus, the system consists of decentralized autonomously operating elements (or agents). To
develop ICS as an MAS, we used the authors” method based on the agent-service approach,
which was given in a previous paper [19]. In this paper, we also considered information
and the analytical system WIS, which is a conceptual prototype of the ICS described in this
article. The main steps of the method are

*  Give a description of the system, taking into account the characteristics of the problem.
For this it is necessary to:

—  Determine the purpose of the ICS;

-  Define the set of tasks {T} that the ICS must be able to solve;
- Define the function set of the ICS {F};

- Create alist of agents { A} of the ICS based on the {F};

- Develop set of basic components {Cp}.

*  Develop agent scenarios:

-  Define agents’ call order {P4 };
- Develop agent call scripts {S4};
- Give a description of the developed scenarios using event models {Eg}.

. Develop an architecture of the ICS;
¢ Design the ICS;
*  Implement the ICS.

In this article, we will not consider the second step because the description of their
development requires an additional article. The purpose of the ICS, tasks, and functions
were described in the introduction and the beginning of this section. The architecture and
implementation of the ICS will be considered in the next section.

To store the information necessary for conducting research and research results, a
database (DB) was developed, which is also used to store the knowledge base. The studies
themselves require, as mentioned in the introduction, a significant amount of data and
are interdisciplinary. Therefore, when formalizing knowledge in the considered subject
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areas, inaccuracies may occur, leading to the construction of incorrect models. Therefore, to
formalize knowledge about the subject areas under consideration, ontological engineering
of the considered subject areas was performed [20]. We also proposed a database design
methodology for assessing environmental pollution by energy facilities based on ontologies.
The main steps of the method are:

*  Determine the energy facilities that will be assessed and establish their internal hierar-
chy based on the subsystem of ontologies of the energy facility;

*  Create infological data models based on ontologies;

*  Create appropriate tables in the database for each object in the hierarchy;

¢ Determine the characteristics of the object of assessment and create fields in the
corresponding tables;

*  Analyze the selected methods for calculating the quantitative indicators of emissions
and calculating the dispersion of pollutants in the atmospheric air and create tables
for these calculations that include the fields corresponding to the calculation formula;

*  Determine the list of pollutants from the object of assessment based on the calculation
method and the subsystem of ontologies for assessing emissions;

*  Create tables of calculation results according to the methods and the list of pollutants;

*  Based on the analysis of calculation methods, create tables for storing auxiliary data,
for example, information about weather conditions and terrain data.

Next, we will consider the process of creating tables in a database using the constructed
ontologies and the proposed methodology. Figure 1 shows an ontology describing the
method from [10].
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Figure 1. Ontology of the method for determining emissions of pollutants into the atmosphere during
fuel combustion in boilers with a capacity of less than 30 tons of steam per hour or less than 20 Geal
per hour.

As can be seen from the ontology, in order to calculate the volume of emissions from
an energy facility, it is required to know both the fuel parameters (for example, the lower
heating value of the fuel) and the parameters of the boiler (fuel consumption, the fraction of
particles captured in ash collectors). Based on the constructed ontologies, the corresponding
tables in the database were developed. Figure 2 shows some of the tables.
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Figure 2. Tables in the database developed on the basis of ontologies.

Comments. The powerplant table stores basic information about the energy facility,

such as name and location. The boiler table stores data on the boiler units installed at
the energy facility—type of boiler, fuel used, volume of fuel burned, installed capacity.
The boiler_type_fuels table contains information about the allowed types of fuel that can
be burned in the boiler and technical parameters, for example, heat loss from mechan-
ical incomplete combustion of the fuel (unburned_mechanical_losses). The coal_datasource
table contains information about the parameters of the coal. The emission_calculation and
emission_calculation_element tables store data on emission calculation and calculation ele-
ment, respectively. They indicate which energy facilities will participate in the calculation.
The emission_calculation_result_element table stores the results of the performed calcula-
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tions. Next, we will consider in more detail the implementation of the proposed ICS: the
architecture and main components, as well as the approbation of the ICS.

3. Implementation of ICS WICS

Client

ICS WICS is implemented as a Web application, due to the following reasons:

The ICS should provide the mutual work of several experts. The web application
allows us to organize the storage of data and results in one place.

Emission calculations and pollutant dispersion calculations, especially when dealing
with a significant number of energy facilities, are complex, both due to the amount of
data used and the complexity of the calculation methods. The implementation of the
ICS as a Web application with an agent-service architecture allows us to speed up the
process of calculations by distributing them among various agent-executors.

The Web application helps us to reduce the requirements for experts’ PCs, because in
this case, the expert needs only a Web browser with Internet access to work with the
ICS. It also reduces time needed for the development and testing of the ICS, since it is
not required to compile for various operating systems and platforms.

The process of supporting the ICS and adding new functionality to the system is
simplified.

Figure 3 shows the client-server architecture of the ICS.

Server

Interface ]:

.

[ Visualization J

b[ WebOntoMap J<

A A . A A
IS FEF ISEMS IS 3MP IS H

Y h 4 Y

Decision-making Service
support component components

[y
J

Figure 3. Architecture of ICS WICS.

The server side includes the following subsystems: calculation subsystem, DBMS sub-

system, and subsystem with auxiliary components. The calculation subsystem consists of:

IS PEF—implements calculations of quantitative indicators of pollutant emissions
from an energy facility based on regulatory methods [10,13];

IS EMS—implements pollutant dispersion calculations based on normative methods [7,10]
using the results obtained from the IS PEF subsystem;

IS SMP—allows the user to work with the results of the analysis of snow samples;

IS EDC—provides work with calculations of economic damages based on methods [11,12]
and uses the calculation results obtained from the IS PEF subsystem.

ICS WICS is a multiagent system, so it includes a main server that handles client

requests and coordinates agents, responsible for calculations; auxiliary servers (four servers)
that contain the mentioned calculation subsystems (currently, one server per subsystem)
and a server with service components; database server.
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The client part includes a user interface, tools for visualizing results (including geovi-
sualization), as well as WebOntoMap, a component for working with ontologies stored in
the knowledge base.

The developed ICS allows us to calculate pollutant emissions from energy facilities,
assess the economic damage from emissions, calculate the dispersion of pollutants in the
atmospheric air, and work with the results of analyzing snow samples for pollutant content.
The system can be used to assess the current situation with environmental pollution, to
assess the effectiveness of measures to reduce the harmful impact of energy facilities, for
example, when planning the placement of new energy facilities.

4. Computational Experiment

To test the ICS WICS, computational experiments were carried out based on informa-
tion about energy facilities (boiler houses) located in the Central Ecological Zone of the
Baikal Natural Territory (CEZ BNT) [21]. Boiler houses have different installed capacity
and equipment; coal is used as fuel (the results of calculations are given based on data for
2015). First, the quantitative indicators of pollutant emissions into the atmospheric air from
the assessed facilities were calculated. In an aggregated form, a fragment of the results
obtained is shown in Table 1.

Table 1. Fragment of the results of calculations of pollutant emissions into the atmospheric air.

Facility Total Emission, Particulate Matter, SO, NOx, Installed Capacity,
tons/year tons/year tons/year tons/year Gecal/hour

Kudara 322.8 2249 97.5 0.4 12.8

Tvorogovo, Shigaevo 77.5 53.9 23.4 0.1 44

Elantsy (central) 361.16 251.79 109.2 0.17 3.5

18 Cop-
Kanoso

McToMuMO

The geovisualization of the results was also performed in the form of a heat map using
the the Yandex.Maps cartographic service. Figure 4 shows the visualization of particulate
matter emissions.

Kudara

Installed capacity: 12.80 Gcalth

Total emissions amount: 322.79 tlyear
Particulate matter: 224 88 tlyear
Nitrogen oxides: 0.37 tiyear

Sulfur oxides: 97.54 tyear

Kope Location: Buryatia republic, Kabansky district, Kudara village

K, 0

CrenHoi [eopey, Tac ;}onc

Hoeas [lepests Bbikoso

Bonblwoe m 'Qﬂl 3
/e

Kanecoso

Figure 4. Geovisualization of the results of calculating the volume of pollutant emissions from energy
facilities.
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Blue marks indicate the assessed energy facilities. When a mark is clicked, a legend
(detailed information about the facility) will be shown at the top left. The redder the heat
map, the higher the volume of pollutant emissions relative to other facilities.

Based on the results of calculating the quantitative indicators of pollutant emissions,
the calculation of the economic damage caused to the environment was carried out accord-
ing to the methodology [11]. A fragment of the results is shown in Table 2.

Table 2. A fragment of the results of the calculation of economic damage.

Facility Particulate Matter Damage, SO Damage, NOx Damage, Total Damage,
RUB RUB RUB RUB

Kudara 817,600 354,000 1600 1,173,900

Tvorogovo, Shigaevo 209,000 90,000 600 301,000

Elantsy (central) 1,700,000 737,000 1400 2,439,500

The calculation of the dispersion of pollutants in the atmospheric air was also per-
formed; Table 3 shows a fragment of the calculation results for particulate matter.

Table 3. Fragment of the results of the calculation of dispersion of particulate matter from energy
facilities in the atmospheric air.

Facility Min. One-Time Avg. One-Time Max. One-Time Min. Avg. Max.
Concentration, Concentration, Concentration, Distance, Distance, Distance,
mg/m3 mg/m3 mg/m3 km km km

Kudara 65 4938 12,416 1.5 3.2 4.8

Tvorogovo, Shigaevo 529 2370 3039 0.4 0.5 153

Elantsy (central) 20 1957 10,487 1.6 4.1 5.0

The results of the dispersion calculation can also be geovisualized in the form of a heat
map; an example is shown in Figure 5.

e Mposan

Kudara

Location: Buryatia Republic, Kabansky district, Kudara village

Coordinates:52.22822900, 106.656245600

Figure 5. Geovisualization of the results of calculating the dispersion of pollutants (particle matter)
for energy facilities located in the Kabansky district of the Republic of Buryatia.

The results of the analysis of snow samples for the content of pollutants were addi-
tionally uploaded to the system. Figure 6 shows the geovisualization of the results of the
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Quantitative indicators

Total amount: 14873 t/year
Particle matter: 10844 t/year (72%)
Sulfur oxide: 3934 t/year (27%)
Nitrogen oxide: 146 t/year (1%)

Infographics

B Farticulate matter

B Sulfur oxides
Nitrogen oxides

analysis of samples for the content of SOy in the form of a heat map after interpolation

using Bayesian empirical kriging [22,23].

&

A

250 - Oimur Village
NO2: 0.0530 mg/l
HCO3: 128100 mgl
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$04: 0.0100 mg!

Ca2: 8.3000 mg/

Mg2: 1.0000 mg/

NH4: 0.0010 mg/
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Figure 6. Interpolation of the results of the analysis of snow samples for SO, content.

Blue dots on the map indicate sampling sites, while red dots indicate energy facili-
ties. The redder and brighter the heat map at sampling points, the higher the pollutant

concentration.

The ICS also includes a subsystem for supporting the development of recommenda-
tions, which aggregates the results and visualizes them using infographics. An example of

the subsystem operation is shown in Figure 7.

General report Emissions: details Spreading: details Snow measurements: details Recommendations
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Figure 7. Decision-making support subsystem.
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5. Conclusions

In this article, we substantiated the need for research on the impact assessment of
energy facilities on the environment and described the ICS WICS developed for this purpose.
The ICS allows us to assess the impact of both existing and planned energy facilities. The
approaches and methods used in the development of the ICS are shown: the agent-service
approach and ontological engineering. The ICS architecture is presented and its main
blocks are described; examples of system interfaces are shown. The results of approbation
confirming the correctness of the applied methods are presented.

In the future, as a part of the research on the sustainability of energy and socio-
ecological systems, it is planned to integrate the ICS WICS with the INTEC-A software
package (developed in a team represented by the authors [24]) to study the directions for
the development of the fuel and energy complex, taking into account the requirements
of energy security. This will make it possible to carry out comprehensive research on the
directions of development of the fuel and energy complex of the Russian Federation, taking
into account the impact of decisions made on the environment.
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