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Efficient economics of the modern society is impossible without keeping the balance between technologi-
cal development, ecological safety and social prosperity, and it needs to be estimated and analyzed in the
area of production and energy supply. The conventional economical criteria for estimation are insufficient
for this purpose, thereby the complex system for estimation of economical, ecological and power engineer-
ing efficiency of works’ activity is required. This problem is actual for energy-intensive industries of modern
Russia that are trying to enter the way of low-carbon development. Analysis of reporting content, reflecting
the results of ecological activity of industrial enterprises, allows to establish that classification of ecological
indicators corresponds in general to methodical approach for forming of non-financial reporting. This re-
porting has been developed in the framework of the Global reporting initiative (GRI) and recommendations
of the Russian Union of Industrialists and Entrepreneurs (RSPP), but it does not reveal information about
greenhouse gases emissions and does not demonstrate effective activity in the direction of development of
low-carbon economics. To solve this problem, the authors study the existing estimation system for ecologi-
cal efficiency of Russian enterprises and suggest additional criteria and efficiency estimation indicators for
ecological management system from the point of view of lowering of carbon intensity and rising of production
energy efficiency. Introduction of additional indicators in corporate non-financial reporting, while these in-
dicators reflect operating results of activity of the enterprise in the area of low-carbon development, orientates
the aimed parameters of ecological management on varying the structure of energy consumption, lowering of
greenhouse gases emission and realization of ecologically important measures directed on the development of
low-carbon economics.

Survey of the problems and aim
of the investigations

The problem of the environment degradation caused
by expanding of production activity has led to necessity of
changing relation to management of natural resources and
society transition to sustainable development. This sustain-
able development provides economic prosperity, ecologi-
cal safety and social justice for current and forthcoming
generations. The concept of RF transition to sustainable
development defines it as a stable social and economic de-
velopment without destruction of its natural basis [1, 7].

The concept of sustainable development requires ob-
servation of three conditions: biospheric restrictions, social
restrictions and economic efficiency. The maximal permis-
sible fluctuation of local or global ecological system caused
by human economic activity is considered as one of the main
biospheric restrictions [4]. Exceeding of this restriction vio-
lated the functions of regulation and stabilization of the en-
vironment and leads to unstable state and degradation. At
present time a row of technological processes moves carbon
balance to the side of increase of carbon dioxide concen-
tration in the atmosphere. This tendency leads to climate
variation and has the effect on social and economic devel-
opment [6]; increase of the global temperature by 3—4 °C is
considered at the same time as maximal permissible fluc-
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tuation [1]. According to the predictions [5], elimination
of warming consequences (such as extremal meteorological
appearances, water-flooding of waterside areas, degradation
of ecological systems) requires 5% of the global GDP, while
timely prevention of the consequences of climate variation
needs 1% of GDP.

In this connection, rise of power efficiency as a meth-
od for achievement of substantial power saving and cut-
ting of greenhouse emissions are recognized as one of the
priority tasks for providing of sustainable development
of the national Russian social and economic system, as
well as the key condition for achievement of economic,
power engineering and ecological aims in the conditions
of realization of the concept of low-carbon development.

Ecological management as a tool of the control system
for managing of an economic subject plays the defining
role in solving the problems of corporate, national and
global level in the field of sustainable low-carbon devel-
opment. This ecological management provides systema-
tization of the approaches to the problems connected with
environment state and inclusion of ecologically impor-
tant aims in the business strategy.

At present time the essential ecological aspects remain
the aimed and scheduled parameters of ecological manage-
ment for many Russian enterprises. The following of such
parameters can be mentioned: rational utilization of resourc-
es; emission and discharge of contaminants; forming and
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dislocation of wastes; part of recycled or second- 100

ary used materials. However, the most of Russian

enterprises don’t include activity aimed on control

and reduction of emission of greenhouse gases in
their regular business perimeter.

In the meantime, actual features of ecological
and economic evaluation of activity of an enter-
prise from the point of view of consumption of

power resources and emission of greenhouse gases 40
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al ideas and in implementation of the international
obligations is also increasing.

It is declared that diversification and decar-
bonization of economics is a possibility to rise
competitiveness due to decrease of dependence on
hydrocarbon raw materials and its part in the cost of
finished products as well as creation of the motivat-
ing system for innovative development of high effi-
cient resource-saving and power-saving technolo-
gies. This possibility does not exclude importance
of lowering of the negative effect of these processes
on the environment due to decrease of emission
of greenhouse gases [21]. On the contrary, lower-
ing of competitiveness of Russian power resources
and products [2] can occur as a result of restrictions intro-
duced by European markets for import of power resources
and products having price without complete account of eco-
logical factor (e.g. with undervalued expenses for prevention
of emission of greenhouse gases). In particular, this police
can be resulted in rise of customs duties for export of metal
products manufactured by the leading Russian metallurgical
enterprises [12].

Taking into account the tendencies of global develop-
ment directed to forming of the low-carbon economics,
as well as economic and ecological risks, the economics
based on export of raw materials that is typical for Russia
can be considered as low-efficient and low-competitive.
Economic risks are presented by dependence on global
prices for hydrocarbons, while ecological ones — by cli-
mate variation, degradation and depletion of natural re-
sources, contamination and wastes. In this connection
the Power engineering strategy of Russia until 2030 envis-
ages different scenarios of development of global power
engineering industry and possibilities for adaptation to
these scenarios, including the direction based on cutting
of emission of greenhouse gases. Lowering of power in-
tensity of Russian GDP by 40 % until 2030 is considered
as one of the main aims and is substantiated by the results
of the forecast (fig. 1).

Analysis of the structure of power saving volumes in cor-
respondence with the State program “Power saving and rise
of power engineering efficiency until 2020 (fig. 2) displays
that it is necessary to realize substantial potential of power
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Fig. 2. Structure of volumes of power saving along the directions [15]
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Fig. 3. Predicted evaluations of emissions of greenhouse
gases in Russian Federation, bln. t of CO,
equivalent:

1 — without any measures; 2 — with measures;
3 — with additional measures

saving via power efficiency rise, first of all, in power engineer-
ing and in the industry.

The scenarios of variation of joint anthropogenous
emission of greenhouse gases in CO, equivalent until
2030 are formed on the base of suggestions on dynamics
of power capacity and carbon capacity in the economic
sectors, taking into account efficiency of realization of
the measures providing the preset volume of emission of
greenhouse gases [3]. These scenarios are classified in
three families mostly meeting the criteria “without any
measures”, “with measures” and “with additional meas-
ures” (fig. 3).

Achievement of the predicted aimed parameters of cut-
ting of emissions in the scale of economics in general and in
the metallurgical industry in particular is a result of realiza-
tion of the measures directed on efficiency rise and variation
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of structure of used fuel, as well as on decrease, absorption
and compensation of emissions of greenhouse gases. To pro-
vide objective evaluation of efficiency of the ecological man-
agement system, meaning its correspondence to preset aims
in the conditions of realization of the concept of low-carbon
development, the additional ecological and power engineer-
ing indicators are required. These indicators describe activity
of an enterprise in the field of control of emissions of green-
house gases and consumption of hydrocarbon fuel. It is the
reason why the problem of evaluation of efficiency of ecolog-
ical management at the enterprise level needs its additional
examination, especially in the conditions of realization of
the concept of low-carbon development and ecologization of
production, with required variation of its technological base.
Despite of substantial volume of the works in the re-
searched area, the problems of ecological management in
the field of efficiency of operation of the enterprise and
state of the environment are still not solved in methodi-
cal aspects. In this connection, investigation of criteria
and creation of the system of indicators allows to expand
and rise objectivity of ecological and economic evalua-
tion of production facilities in the conditions of develop-
ment of low-carbon economics. These indicators char-
acterize ecological results of activity of the enterprise in
complex way and include the following positions: usage
of resources; forming of wastes; emission of greenhouse
gases; adapting actions for preservation of quality of the
environment and stability of ecological systems.

Theoretical and practical results of investigation

The general system of ecological indicators of activity
of the enterprise is necessary to meet the requirement of
the main standard of the system of ecological manage-
ment ISO 14001 aimed on permanent improvement of
ecological aspects of activity of the enterprise. This system
is envisaged by the standard ISO 14031, and distribution
according to ecological indicators in the field of operation
and state of the environment provide actual evaluation in
correspondence with this standard (fig. 4). The subjects
of evaluation are the following:

+ ecological aspects of activity of the enterprise from
a perspective of consumption of materials, fuel, power as
well as operation of equipment and forming of wastes,
contaminations and emissions;

+ environment quality according to the levels of con-
centration of contaminants in atmosphere, water, ground

as well as influence on people’s health, state of flora and
fauna, variation of climate related with these factors;

* activity that is directed on achievement of the aims
of the ecological policy, national ideas, correspondence
to standard regulations, implementation of the interna-
tional obligations.

The unified logic of construction of the system of in-
dicators is observed. It characterizes the ecological results
of activity of the enterprise in correspondence with rec-
ommendations of the standard ISO 14031 and ecological
indicators used in global practice [16-20].

Such approach to evaluation of the efficiency of eco-
logical management from the perspective of correspond-
ence to the preset aims in the field of lowering and preven-
tion of negative effect on the environment seems to be the
most expedient. It is substantiated by the complex char-
acterization of correlation between commercial usage of
resources - from one side - and emission of contaminants
and wastes (effect), preservation of quality of the envi-
ronment and stability of biosphere (state) and adapting
actions aimed on elimination of discontinuity between
commercial activity and ecological problems caused by
this activity (response) — from other side (fig. 5).

Analysis of composition and structure of corporate
non-financial reporting, reflecting the results of ecologi-
cal management of the enterprise is executed [10, 13, 14].
It allows to establish that distribution of ecological indi-
cators of non-financial reporting corresponds in general
to the methodical approach to evaluation of efficiency of
ecological management that has been considered previ-
ously. This approach evaluates efficiency of ecological
management from the perspective of correspondence to
the preset aims in the field of lowering and prevention of
negative effect on the environment. It also helps to de-
velop and increase informational value of non-financial
reporting by the following factors characterizing low-
carbon development:

+ gross and specific consumption of fuel and other
power resources, gross and specific emissions of green-
house gases (effect);

+ adapting actions — the results of putting ecological
management into practice in the direction of efficient usage
of different kinds of power and cutting of emissions of green-
house gases (response).

The results of investigation and analysis of the principles
of forming the system of key operating parameters of ac-
tivity at the corporate level [8, 9] have displayed possibility

| Efficiency parameters in ecological management |
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Aspects of control |

+ materials - air
- power - water
- material objects - ground
and equipment - flora and fauna
- products - people
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- efficiency of ecological
policy and programs

- provision of correspondence

- financial and ecological
efficiency

« public relations

Fig. 4. The system of efficiency parameters in ecological management
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Fig. 5. Distribution according to ecological indicators in the system of ecological
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- lowering of the level of power intensity by 50% until 2035 (from 2010 level)
- provision of the level of emission of greenhouse gases not more than 120% until 2035

- integration of parameters of sustainable development in the system of key parameters

« development of non-financial reporting and improvement of quality of reporting in the field

!
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of power consumption

« own strategy of sustainable development of the company: demonstration of understanding
of the concept of sustainable development and correspondence to the aims of sustainable
development of economics; presentation of the results of own activity from the perspective

- power consumption: variation of structure as well as gross and specific value

- input in climate variation and environment contamination: lowering of emission
of greenhouse gases having the global effect (climate variation)

Fig. 6. Criteria of correspondence to the aims of sustainable development

of adding and coordination of parameters of the system of
ecological management and non-financial reporting. These
parameters connect the aimed parameters of power intensity
with the level of emissions of greenhouse gases and reflect
present or future input of the company in improvement or
degradation of the environment and climate variation.
Realization of the concept of low-carbon develop-
ment is connected with solving of the complex of mutu-
ally related problems directed on rise of power efficiency,
change of the structure of power consumption, decrease
of emission of greenhouse gases. The concrete aims of de-
velopment of the industrial branches of national econom-
ics until 2035 are noted within the scope of its realization.
Absence of the parameters characterizing efficiency of
solving the problems and reflecting the operating results
in correspondence with the aims of realization of the con-
cept in the system of ecological management and non-
financial reporting for the most of Russian enterprises is
noted. It requires introduction of additional criteria and

indicators for evaluation on correspondence to ecological
and power engineering aims of sustainable development
(fig. 6).

It is suggested on the base of introduced criteria of
efficiency evaluation of ecological management to add
the existing system of parameters with the following in-
dicators:

* intensity of emissions of greenhouse gases;

* decarbonization of production;

* power intensity of production;

+ power efficiency of production.

It allows to correct the strategic tasks of ecological man-
agement, while it, in its turn, requires variations in the eco-
logical policy and the system of taking solutions for perfor-
mance of adapting actions that will eliminate discrepancy
between commercial activity and ecological problems.

The suggested additional ecological and power engineer-
ing indicators are the base for reliable evaluation of efficiency
of the system of ecological management in the conditions of
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realization of the concept of low-carbon development. They
are also used for ecological and economic substantiation of
commercial decisions at different control levels.

Necessity of transition to low-carbon economics re-
quires responsible business practice in the field of efficiency
evaluation of use of power resources, effect of the enter-
prise on the environment and input in climate variation.

Necessity of improvement of the ecological policy and
the programs aimed on rise of ecological efficiency is con-
sidered as one of the key business obligations fixed in the
Business Charter of sustainable development, accepted
by the International trade chamber. In this connection,
putting into practice, certification and development of
the systems of ecological management and opening of
ecological aspects of activity in the corporate social re-
porting are among the corporate priorities for Russian
enterprises, in correspondence with the requirement of
legislation and volunteer initiatives.

Reporting of Russian enterprises is characterized by
transparent information about conventional contami-
nants: emissions of contaminating substances in the at-
mosphere, drainage of sewage waters and locating pro-
duction wastes. The process of accounting and control
of direct and indirect emissions of greenhouse gases is
not observed in the ecological policy of the most Russian
enterprises, as well as the program of their lowering. At
the same time, analysis of the dynamics of emission of
greenhouse gases for the economic sectors of Russian
Federation displays that maximal volume of emission of
greenhouse gases in industrial processes is provided by
metallurgy having such technological feature as usage of
large amount of hydrocarbon fuel (fig. 7).

Evaluation of activity of the enterprises from the per-
spective of low-carbon development (lowering of power
capacity and emission of greenhouse gases) meets the ac-
tual requirements of the development of corporate eco-
logical management and objective reflection of ecological
situation in the subjects of Russian Federation.

Analysis of the effect of anthropogenic activity on state of
the environment has shown that the enterprises of process-
ing industry are the first objects of evaluation of efficiency
of ecological management. It is caused by their role as the

2000

2005 2010 2011 2012 2013
B Other industries

" Metallurgy

® Chemical industry

m Manufacture of products from mineral raw materials
Fig. 7. Emissions of greenhouse gases connected with

production processes and usage of commercial
products, min. t of CO, equivalent per year

base of production potential, as the largest consumers of raw
and technological materials, water, fuel and power resources
and as the sources of contaminating substances, wastes and
emissions of greenhouse gases.

Iron and steel works realize their production activ-
ity in correspondence with legislative requirements of
Russian Federation in the field of environment protec-
tion and international initiatives in the area of ecologi-
cal management. Analysis of content of reporting on the
results of ecological activity allows to reveal that distri-
bution of ecological indicators corresponds in general to
the methodical approach to forming of non-financial re-
porting. This approach has been developed in the frame-
work of the Global reporting initiative (GRI) and recom-
mendations of the Russian Union of Industrialists and
Entrepreneurs, but it does not open information about
emissions of greenhouse gases and does not demonstrate
the effective activity directed on development of low-
carbon economics [11, 18].

Taking into account the above-mentioned considera-
tion, the basic ecological parameters have been added by
recommended indicators of power capacity, power ef-
ficiency, decarbonization of production and intensity of
emissions of greenhouse gases (table 1).

The aimed parameters of ecological management
characterize variation of the structure of power con-
sumption and lowering of emissions of greenhouse gases.
Forming of these parameters and introduction of recom-
mended ecologic and power indicators in the corporate
non-financial reporting is substantiated based on neces-
sity of the following measured:

* realization of organizing and technological poten-
tial of power saving as strategic aim of Russian economic
development;

* integration of parameters of low-carbon develop-
ment in the system of key operating parameters at the
corporate level;

* rise of interest of the enterprises in implementation
of ecologically important measures;

* development of non-financial reporting and im-
provement of reporting quality in the field of sustainable
development.

Measuring of activity results in the area of control of
emissions of greenhouse gases and consumption of hy-
drocarbon fuel makes it possible not only to evaluate the
current situation, but also to determine or work out in
details the strategic and tactic ecological aims as well as
to develop the efficient managing solutions and to control
the process of achieving the results of ecological manage-
ment.

Conclusions

The obtained results allow to make the following conclu-
sions:

1. Rise of power efficiency, usage of renewable power
sources, protection and quality improvement of absorbers
of greenhouse gases, restriction or cutting of emission, de-
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Table 1. Ecological indicators

Indicators relating to the “Power” aspect

Basic Usage of power:

gross power consumption from all kinds of power carriers, GJ

Specific power consumption: relation between gross power consumption during the reporting period and the
volume of manufactured products during the same period, GJ/unit

Recom-mended | Specific consumption of hydrocarbon fuel:

relation between the volume of consumed hydrocarbon fuel during the reporting period and unit of products
manufactured during the same period, GJ/unit

Efficiency of consumption of hydrocarbon fuel: relation between the added value during the reporting period and
unit of hydrocarbon fuel consumed during the same period, Rub/GJ

Efficiency of power consumption: relation between the added value during the reporting period and gross power
consumption during the same period, Rub/GJ

Indicators relating to the “Emissions, Drainage, Wastes” aspect

Basic Emissions of greenhouse gases: gross volume of emissions of greenhouse gases, t in equivalent of carbon di-
oxide

Recom-mended | Specific emissions of direct greenhouse gases:

Relation between the volume of direct emissions of greenhouse gases during the reporting period and unit of
products manufactured during the same period, t in equivalent of carbon dioxide per unit

Specific emissions of indirect greenhouse gases:

Relation between the volume of indirect emissions of greenhouse gases during the reporting period and unit of
products manufactured during the same period, t in equivalent of carbon dioxide per unit

Cutting of emissions of greenhouse gases: cutting of direct emissions of greenhouse gases during the reporting
period in relation to the basic period, t in equivalent of carbon dioxide per year

Removal of greenhouse gases: absorption (conservation) of emissions of greenhouse gases during the reporting
period as a result of realization of the measures, t in equivalent of carbon dioxide per year

threat for humanity. Ekologiya promyshlennogo proizvodstva.

velopment of absorption technology for greenhouse gases 2015. No. 2 (90). pp. 56—61.

are considered to be the most important problems in the 5. Report of the World bank on global development: Development
field of realization of the concept of low-carbon develop- and climate variation. Web-resource: http://econ.worldbank.
ment. org/.

6. Report on human development. Struggle with climate variations:

2. Investlge.mon Ot.‘the role and importance O_feCOIOglcal human solidarity in the separated world. Moscow, “Ves mir” Pub-
management in solving the problems of sustainable low- lishers. 2007. 400 p.
carbon development allows to establish the criteriaandad- 7. The concept of RF transition to sustainable development: Ex-
ditional indicators for evaluation of efficiency of ecological ecutive Order of the president of Russian Federation dated
. . April 1, 1996 No. 440. Rossiyskaya gazeta. 1996. No. 67. April 9.
management from the perspective of its correspondence to op. 5—12.
ecologic and power aims, as well as to develop recommen- 8. Mayorova T. V., Ponomareva O. S. Technique of economic effi-
dations for their putting into practical system of ecological ciency evaluation for ecological management at metallurgical en-
management at the enterprise. terprises. Vestnik Magnitogorskogo gosudarstvennogo tekhnichesk-

. .. .. . o0go universiteta im. G. I. Nosova. 2015. No. 4. pp. 112—116.
3. Introduction of additional indicators, reflecting the 9. Mayorova T. V., Belik I. S. Efficiency of ecological management

results of activity of an enterprise in the area of low-carbon in the conditions of development of low-carbon economics.
development, in the corporate non-financial reporting ori- Ekonomika i predprinimatelstvo. 2015. No. 12. pp. 1147-1152.
ents the aimed parameters of ecological management for 10. Mayorova T. V. Possibility of efficiency evaluation of ecologi-

.. f th £ . for 1 cal management by the elements of non-financial reporting.
variation of the structure of power consumption, for low- Ekonomika i predprinimatelstvo. 2015. No. 11. pp. 646—650.

ering of emissions of greenhouse gases, for realization of 11. Alenicheva L. V., Feoktistova E. N., Khonyakova N. V., Oze-
ecologically important events directed on development of ryanskaya M. N., Kopylova G. A. Responsible business prac-
low-carbon economics tice in the mirror of reporting. Analytical survey of the corpo-
’ rate non-financial reports issued in 2012-2014. Web-resource:
http://media.rspp.ru/document/1/f/c/fc84b1337dbdd2411{73f-

REFERENCES 3ca3flbd173.pdf.

12. Platonova E. Entrance for steel is vorbidden. Web-resource: http://

1. Bobylev S. N., Zakharov V. N. “Green” economics and mod- www.gazeta.ru/business/2016/02/12/8071805.shtml.
ernization. Ecologic and economic grounds of sustainable de- 13. Ponomareva O. S., Rakhimova L. M., Makhotkina E. S. For-
velopment. Bulletin “Na puti k ustoichivomu razvitiyu Rossii”. ming of non-financial reporting by industrial enterprises. Glo-
2012. No. 60. 90 p. balnyi nauchnyi potentsial. 2016. No. 6 (63). pp. 13—16.

2. Bobylev S. N. Priorities of sustainable development for the pow- 14. Sorokina E. M. Principles of forming of reporting parameters in
er engineering strategy. Energeticheskaya politika. 2013. No. 2. the field of sustainable development. Izvestuya Irkutskoy gosudarst-
pp. 90-95. vennoy ekonomicheskoy akademii. 2012. No. 3. pp. 19-25.

3.2ndbiennial RF report presented in correspondence with the Decision 15. Power engineering strategy of Russia until 2030. Web-resource:
1/CP.16 of the Conference of UN FCCC. Web-resource: https:// http://minenergo.gov.ru/aboutminen/energostrategy.
unfccc.int/files/national_reports/biennial_reports_and_iar/submit- 16. Amrina E., Yusof S. M. Key performance indicators for sustain-
ted_biennial_reports/application/pdf/2br_rus.pdf. able manufacturing evaluation in automotive companies. Interna-

4. Pirusov E. V., Girusov F. E. Subordination to the rules of bio- tional Conference on Industrial Engineering and Engineering Man-
sphere preservation as the method of overcoming of the ecologic agement (IEEM). 2011. pp. 1093—1097.



CIS Iron and Steel Review — Vol. 13 (2017), pp. 10-13

10

17. Elgert L., Krueger R. Modernising sustainable development?
Standardisation, evidence and experts in local indicators. Local
Environment. 2012. Vol. 17. No. 5 (May). pp. 561-571.

18. Global Reporting Initiative. Web-resourse: https://www.global-
reporting.org.

19. Rosen M. A., Kishawy H. A. Sustainable Manufacturing and
Design: Concept, Practices and Needs. Sustainability. 2012.
pp. 154—174.

20. Fan C., Carrell J. D., Zhang H. C. An investigation of indicators
for measuring sustainable manufacturing. Proceedings of IEEE
International Symposium on Sustainable Systems and Technology
(Arlington, Virginia). 2010. pp. 1-5.

21. Puttlammer K., Vornkahl P. Integrated production planning —
thinking energy and resource efficiency one step ahead. Chernye
metally. 2017. No. 2. pp. 56—60.

UDC 662.749.2:669.162.16

DOI: http://dx.doi.org/10.17580/cisisr.2017.01.02

SIMULATION OF AERODYNAMIC FLOWS
OF GAS WITHDRAWAL FROM COKE BATTERIES

I. I. Beloglazov!, V. Yu. Bazhin!

1 St. Petersburg Mining University (St. Petersburg, Russia)
E-mail: bazhin-alfoil@mail.ru

AUTHOR'S INFO

ABSTRACT

L. I. Beloglazov, Cand. Eng., Associate Prof., Chair of Au-
tomation of Technological Processes and Production Facili-
ties;

V. Yu. Bazhin, Dr. Eng., Prof., Head of the Chair of Auto-
mation of Technological Processes and Production Facilities

Key words:

coke, coke batteries, simulation, acrodynamics, chimney
shafts, calculating hydrodynamics, emissions in the
atmosphere

The modern level of the development of computer engineering and software allows to
simulate the processes with different degree of complication and to solve the problems
connected with aerodynamic features of turbulent flows of withdrawn gases both in en-
trance and exit of coke batteries. The paper presents the results of aerodynamic simula-
tion of gas medium using Ansys program in order to determine the temperature field
above the surface of coke battery chimney shaft, as well as the results of registration
of speed of withdrawn gases for adjusting the flame level. Realization of operation of
continuous monitoring systems directly on chimney shaft makes it possible to control
thermal state of a coke battery in general and provides lowering of harmful emissions
in the atmosphere.

Solving the ecological problems in the coke-chemical
production is one of the main priority tasks for the mod-
ern level of technical development. Chimney shafts of
coke batteries are the main source of industrial emissions
in the atmosphere [1-3]. It is impossible to provide their
efficient operation with minimization of harmful effect
on the environment and surrounding territories without
usage of advanced monitoring remedies, allowing to es-
timate character and volume of the main emissions with-
drawn in the atmosphere with a flow of exhaust gases [4—6].
Realization of continuous monitoring systems with their
mounting directly on chimney shafts is considered as one
of the possible variants for forming instrumental measure-
ments of harmful emissions in the atmosphere [7, 8]. Correct
choice of location places for measuring sensors providing
completeness and presentability of a registered parameter
or value is the decisive condition of stable operation and
receiving of trustworthy information from this monitoring
system. Thereby, it is necessary to have information about
features of variation of gas flows, both in the body of a coke
battery chimney shaft itself and in its exit, in order to ensure
rational mounting of the system of control and monitoring
of exhaust gases [9].
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It seems impossible to register practically and to de-
termine the temperature field in the top part of a chimney
shaft, as well as to determine experimentally temperature
fields, speeds of flows and distribution of substances in
a dynamically varying volume. Thereby, the calculated
computer-aided simulation is the only method for exami-
nation of aerodynamics.

This article includes description of conducted aerody-
namic simulation using Ansys software complex in order
to determine the temperature field above the surface of
a chimney shaft.

The simulation algorithm consists on the three con-
sequent stages:

1. creation of 3D-model of a gas duct where exhaust
gases of preset composition are moving; its geometrical
dimensions should correspond to the calculated data;

2. building of the calculating net for solving of Navier-
Stokes differential equation and heat conducting equa-
tion;

3. choosing and setting the initial and boundary con-
ditions, development of operating algorithm, 3D-solving
of differential equations.

Differential equations describing motions of exhaust
gases out of chimney shafts are composed along three di-





