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Abstract. Ontological engineering is performed for studies on the environmental impact of energy objects. The
work was carried out within the framework of the project supported by the Russian Foundation of Basic Research
“Methods of building an ontological knowledge space for intelligent decision-making support in the energy
sector and environment, in terms of the quality of life”. The study proposes developing a set of interconnected
ontologies with the view to harmonizing terminology of different subject domains for research and decision
support. The basic terminology used to examine the environmental impact of energy objects and to perform
appropriate quantitative assessments is considered. Semantic methods are proposed, in particular, an ontological
analysis of the subject domain, to systematize environmental assessments and establish relationships between the
main indicators describing the impact of energy sector activity on the components of the environment. The
ontological approach allows systematizing and visualizing the relationship between the components of the
environment, energy objects and their characteristics, and impact factors. Ontological engineering made it
possible to build a sequence of research and systematize the methodology used to assess the energy-related
environmental impact.
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1 Introduction

Assessment of the environmental impact of energy objects is
undoubtedly an urgent issue. Melentiev Energy Systems
Institute of Siberian Branch of the Russian Academy of
Sciences works on the use of semantic methods, including
ontological modeling of this subject domain. Currently, a
research team of the Institute, with the support of the
Russian Foundation of Basic Research, is implementing the
project "Methods of building an ontological knowledge
space for the intelligent decision-making support in the
energy sector and environmental science with regard to the
quality of life". This project suggests a systems analysis of a
methodology for the studies of the environmental impact of
energy. The first stage of these studies involves an analysis
of the existing methods and models for research aimed at
harmonizing the sources of information and systematizing
the indices used to implement these methods.

In general, the assessment of the impact of the energy
sector in this study means a comprehensive investigation of
the relationship between the processes that occur at various
levels of the phenomena studied: from the impact of energy
objects, which subsequently creates anthropogenic pollution,
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to the consequences in the form of changes in the natural
environment components.

Ontological engineering involves the development of
ontologies providing analysis and coordination of
terminology of subject domains of energy and environment
that intersect in our research, the establishment of
relationships between the terms used, and structuring of the
information necessary for this.

The ontological engineering performed previously in the
field of the research into the interaction between energy and
geo-environment [1] reflects the diversity of anthropogenic
factors at different stages of the heat and electricity
production process. Anthropogenic impacts include all
effects produced by human activities on the environment.

This paper analyzes the methods applied today to assess
the environmental impact of energy objects in order to
structure the methodology necessary for this. The main
attention is paid to the influence of energy generating
facilities [2].
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2 The energy-related environmental
impact and classification of anthropogenic
factors

In recent decades the anthropogenic pollution of the
environment has been global in nature [3 - 6]. Today the
human impact on nature is associated with changes in:
landscape and structure of the earth's surface;

e composition of the biosphere;

e thermal balance of the planet or its regions;

e flora and fauna.

Anthropogenic impact leads to a change in the state of
the environment, where new components (pollutants)
appear. The objects of pollution are the atmosphere, soil,
water, plants, animals, and microorganisms. Sources of
pollution are industrial facilities, including energy and utility
facilities.

The energy sector is one of the most serious sources of
pollution. The anthropogenic impact of energy sector on the
biosphere is seen in all stages of energy production - in the
extraction and transportation of resources, in the production,
transmission, and consumption of energy.

The functioning of energy objects affects all components
of the environment - the atmosphere, water bodies, flora and
fauna, and humans. Energy production is associated with
landscape changes, the formation of quarries and dumps.
The transportation of coal leads to the spread of harmful
substances in the atmosphere and soil. Typical harmful
impurities due to the burning of solid fossil fuels are soot,
ash, carbon oxides, sulfur, nitrogen, heavy metal
compounds, water vapor, and other substances, including
carcinogens. The transmission of electric power causes
electromagnetic fields near power lines. The operation of
power plants is always associated with heat emissions. In
addition, large areas of land are withdrawn from economic
use.

In general, the harmful effects of energy objects on the
environment are assessed based on a systems analysis of all
interconnected processes at various stages of electricity and
heat production.

In this regard, it is necessary to take into account the
types, sources, levels of the influence of various
anthropogenic phenomena and factors. In literature, there are
many classifications of anthropogenic factors according to
different features [5]. For example, according to the general
nature of the impact, i.e. a change in landscapes, withdrawal
of natural resources, and environmental pollution. The
objects of influence are the surface of the earth and mineral
resources, soil and vegetation, water bodies and atmosphere,
as well as the microclimate of the environment, the animal
world, and humans. Quantitative characteristics of the
impact include spatial scales (global, regional, local), the
severity of impact, the degree of danger, and others.

There is a classification of the anthropogenic factors [6]
according to the following features:

e by nature mechanical, physical, chemical, landscape;
e by physical properties - substance, process,
phenomenon, object;

e by the persistence of changes that occur in the
environment (nature) - temporary reversible changes,
relatively irreversible changes, absolutely irreversible
changes, anthropogenic stress of ecosystems;

e by the ability to accumulate - only at the time of
production, for a long time;

e by frequency - continuously acting factor, periodic
factor, sporadic factor;

e by the ability to migrate - non-migratory, migrating
with streams of water and air, migrating with sources,
migrating independently.

3 Ontological engineering

Ontological engineering is the process of designing and
developing ontologies to analyze the domain knowledge,
including its extraction, structuring, and formalization.

The ultimate goal of ontological engineering is a
formalized representation of the domain knowledge for its
further use in the knowledge work and knowledge
management system [7 - 9].

In this study, the development of ontologies is necessary
to:

e clarify and harmonize terminology of different subject
domains — environment and energy;

e define basic concepts in the study of the environmental
impact of the energy sector;

e systematize the relationships between the concepts and
identify classes and subclasses of ontologies;

e structure the knowledge and information in the context
of the ongoing study.

In this stage, a set of ontologies classified as non-formal
is developed. They are the result of discussion and
clarification of terms and their definitions, identification of
basic concepts, and description of the relationship between
the concepts. As for the purpose of their development, the
proposed ontologies are of applied nature, since they
describe a conceptual model of the objective of the study on
the environmental impact of the energy sector. For
illustration, the ontologies are presented graphically using
CmapTools. This provides the possibility of interaction
between specialists of different subject domains.

The presentation of the ontologies in the formats
necessary for computer processing is provided for further
use of the developed system of ontologies.

This study considers the following basic concepts related
to the energy-related environmental impact: energy object,
energy resource, and component of the environment, which
is affected due to the occurrence of an anthropogenic factor.
Based on the analysis of methods existing for the assessment
of this impact, we propose separate consideration of the
concepts of anthropogenic factor, anthropogenic impact,
anthropogenic pollution, and its consequences.

The definitions of these basic concepts are given below.

Energy object is a combination of energy plants and
auxiliary devices, which are integrated territorially and
technologically, and designed to jointly perform production
and engineering tasks.
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Energy resource is an energy carrier, which is or can be
used in the energy sector at a given level of technology or in
the foreseeable future of its development.

Component of the environment is all that helps to ensure
and maintain favorable conditions for the preservation of life
on Earth. This category includes the earth, mineral
resources, soil, flora and fauna, oceans, atmosphere, and
near-Earth outer space.

The anthropogenic factor is the cause of the
anthropogenic impact on the natural environment, due to the
process and operating conditions of the object, and its
characteristic features. In terms of energy objects,
anthropogenic factors are understood as emissions, waste,
radiation, noise, vibration, radiance, etc. The anthropogenic
factor depends on the type and kind of energy resource and
type of technologies of the energy object.

The anthropogenic impact is a consequence of the
anthropogenic factor, the process of the influence of
economic or other human activity on the components of the
environment. Anthropogenic factors of energy objects have
physical, chemical, biological, electromagnetic, noise, and
radiation effects on various components of the environment.
The level of anthropogenic impact is determined by the
anthropogenic load, which depends on the magnitude of the
factor, environmental conditions, and duration of exposure.

Anthropogenic pollution is a result of changes in the
components of the environment caused by anthropogenic
impact. The degree of pollution depends on the
anthropogenic load and determines the concentration of
harmful substances in the components of the environment.
The degree of pollution is determined by the composition of
harmful substances, the ability to adapt to anthropogenic
impact and its duration.

The consequence is a result of anthropogenic pollution.
This may be the withdrawal of land, land depletion,
landscape  disturbance, destruction of  vegetation,
acidification of soil, diseases of animals and humans, drying
out of water bodies, etc.. Figure 1 shows the basic
relationships between the basic concepts.

Energy object
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Fig. 1. Metaontology of the environmental impact of energy sector
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In the study, these concepts are considered as the base
classes of metaontology. The next level of ontologies details
the basic concepts, clarifies relationships and reflects the
properties of each of them.

The concept of anthropogenic factor is the most
important in this study. The anthropogenic factor results
from the operation of an energy object, depending on the
energy resource used. It is characterized by some properties,

such as frequency of exposure, ability to migrate, and has
one of the states. Anthropogenic factors include emissions,
discharges, waste, noise, and radiation. A detailed definition
of the anthropogenic factor concept is shown in Figure 2.
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Fig. 2. Ontology of the anthropogenic factor
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Each of the concepts used has been detailed similarly. For
example, the concept of anthropogenic pollution, as noted
earlier, is a consequence of anthropogenic impact.

Anthropogenic impact forms the consequence of
anthropogenic pollution. Its effect on the component of the
environment is measured by the level of pollution and
depends on the anthropogenic load. It is also necessary to
take into account the properties of frequency and the ability
to be accumulated, as shown in Figure 3.
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Fig.3. Ontology of anthropogenic pollution
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Thus, a thorough examination of each concept makes it
possible to factor in all the details in the study of the subject
domain, classify terms, and establish relationships to take
relevant information.

The next levels of the ontology system deal with the
types of energy objects, their technical and production
characteristics necessary for the implementation of methods
for assessing the energy-related environmental impact.

The developed system of ontologies is the basis for an
intelligent system of decision support and the creation of
databases and knowledge bases.

4 Methodological support of the studies
on the environmental impact of energy
objects

The methodological support in this study means a
method of quantifying the relationships between the
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concepts and phenomena that reflect the environmental
impact of energy objects.

Considering successively the metaontology in figure 1, it
is necessary to clarify that the anthropogenic factor implies
the operation of energy objects, which causes changes in the
composition, structure, and properties of the environment
components: atmosphere, water bodies, soils, and living
organisms.

In this regard, the initial disturbance from the operation
of energy objects is the appearance of irrelevant impurities
and changes in the state of the components of the
environment. Accordingly, a quantitative measure of the
anthropogenic factor for each component of the environment
is a respective set of characteristics/indices with their units
of measurement. The existing approved methods for
calculating emissions, discharges, waste, etc., can serve as
methodological support for the quantitative assessment
(Figure 4).

Techniques for

Disturbances—
as a kind of emission, calculation
air pollution, noise waste

Each disturbance has its discharge

The pollution of the environmental components is
formed depending on the severity of the impact
(anthropogenic load) and duration. The pollution is
determined by the composition of harmful substances, their
hazard class, and the ability to be accumulated in the
component of the natural environment.

Assessment of the extent to which the environment
components are polluted due to the impact suggests
determining the number of harmful substances, which “falls
out” on the surface and forms the levels of pollution.

This stage employs the models of the spread of harmful
impurities with the view to determining the quantity of
impurities washed out from the atmosphere and then the
density of deposition of the pollutants on the surface of soils
and water bodies, as well as potential volumes of their
penetration into living organisms - plants, animals, humans
(Figure 5).
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Fig. 4. Methodological support for the quantitative assessment of
the anthropogenic factor

In general, the anthropogenic factor of the energy object
operation is related to the anthropogenic impact through
disturbance. The anthropogenic impact is a change in the
natural environment components because of disturbances.

At the same time, quantitative indicators of disturbances
in combination with the characteristics of the properties of
the environment components make it possible to determine
whether or not there is an effect for a particular component
of the environment, whether it is high or insignificant.

The properties and state of the environment components
are described by climatic models, and the “behavior” of
incoming impurities is described by models of their
distribution.

A quantitative measure of impact is the anthropogenic
load, which is assessed qualitatively as high, medium or
low.

The methodological support for the study of
anthropogenic impact is associated with the collection and
analysis of data on the current state using official reports on
the state of the environment. The methodological support
also includes certain climatic “behavioral” models that
describe physical, thermodynamic, and chemical processes
in the natural environment components for a particular
territory.

The methodological support contains the methods of:

e assessing the current (background) state of the
environment component;

e analyzing and collecting the information about the
pollutant, its properties, hazard/ harmfulness;

e assessing the adaptation, self-cleaning and self-healing
abilities of the environment components.

penetration into
living organisms

The concentration of
pollutantsin the
environment components

Fig. 5. Scheme of the formation of anthropogenic pollution
depending on the density of the deposition of pollutants

Accordingly, a quantitative measure of anthropogenic
pollution is the concentration of pollutants in the
environment components, given the density of their
deposition.

Thus, anthropogenic pollution due to disturbances and
the impact of energy objects forms consequences for the
environment components. The results of the consequences
are the changes that occur: withdrawal, depletion, violation,
destruction, acidification, disease, drying, etc.

Methodological support for assessing the consequences
is the systematization of existing quality standards for each
component of the environment. A comparison of norms and
actual pollution levels in the form of concentrations and
density of deposition will allow us to assess the
environmental impact of energy objects. The quantitative
measure of the consequences, which is assumed in this
study, is a comparison of concentrations with the existing
maximum permissible concentration standards — their
exceedance or non-exceedance in the environment
components.

Thus, the combination of these four research components
makes it possible to build the methodological support for
assessing the environmental impact of energy objects (Table
1). In some cases, statistical materials, reporting data on the
activities of energy companies and government reports on
the state of the environment both nationally and regionally
can also serve as methodological support.

5 Conclusion

The paper presents a study on the energy-related
environmental impact in the form of ontologies and
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descriptions of concepts and definitions corresponding to
this subject matter. The investigation and assessment of
changes in the components of the environment are carried
out using the environmental approach, i.e. based on a
universal connection of processes that occur at different
levels of the phenomena studied.

Table 1. Methodological support

Research Quantitative measure Methodological
component support
Anthropogenic | Emission,  discharge, | Methods for
factor ash and slag waste calculating
emissions [10 - 12],
discharges, and
waste from energy
facilities [13, 14]
Anthropogenic | Anthropogenic  load, | Assessment of the
impact indicators ~ of  the | background state of
composition of | the  environment
pollutants, their | components  and
dangers, climatic and | information on
orographic their properties.
characteristics of the | Systematization of
territory information on
properties of
energy-related
harmful substances
[15-17].  Climatic
models describing
physical,
thermodynamic,
and chemical
processes in the
components of the
environment
[18,19]
Anthropogenic | The concentration of | Models of the
pollution pollutants, the density | spread of pollutants
of deposition. in various
components of the
environment
(taking into
account the relief
of the underlying
surface) [20 - 22]
The effect of | The factor of | Systematization of
anthropogenic | exceedance of | existing quality
pollution maximum permissible | standards for each
concentrations for | element of the
various components of | environment [23-
the environment, | 25]
standards for
permissible
emissions/discharges,
etc.

We propose presenting the concepts, definitions and their
relationships graphically as an ontology, which provides the
visibility and possibility of harmonizing with the appropriate
methods of calculating the quantitative measures of the
studied components of the environmental impact of the
energy sector.

Various methodological approaches and mathematical
models have been developed to assess the negative impact of
the energy sector. They are used depending on the task.

The formation of methodological support as a way to
quantify the relationships between concepts and phenomena
requires the collection and processing of a large amount of
information  and  methodological material. The
systematization of methods will allow us to build a clear
sequence for both quantitative and qualitative assessment of
the energy-related environmental impact.
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