Brief information about the project

Name of the project

AP14870834 «Implementation of environmentally “clean” energy
production technologies at Kazakhstan's TPP to reduce emissions
of harmful substances into the atmosphere» (0122PK00588)

Relevance

Coal is being phased out in developed countries, but the industrial
economy is still heavily dependent on fossil fuels. For developing
countries, the impact on the environment remains a secondary
factor, and traditional coal energy is successfully developing due
to its cheapness. According to the Carbon Neutrality Strategy,
Kazakhstan intends to abandon coal generation by 2060. Although
the share of coal-fired plants will decrease in the future, coal will
remain the main fuel of Kazakhstan's thermal power plants for the
time being. Therefore, one of the urgent tasks of the domestic
thermal power industry is the development of environmentally
friendly “clean” coal technologies. The Project proposes to
introduce a two-stage fuel combustion technology at the existing
CHP plant, which makes it possible to control the processes of
formation of harmful emissions and develop recommendations for
their reduction.

Purpose

To implement the method of two-stage combustion of high-ash
Kazakh coal using the latest information technologies and 3D
computer modeling methods, investigate the processes of heat and
mass transfer and the formation of harmful substances in the
combustion chamber of the BKZ-75 boiler at Shakhtinskaya CHP
and propose design solutions and optimal options for minimizing
oxide emissions of carbon COx and nitrogen NOX.

Obijectives

1) Determine the necessary technical and geometric parameters
(dimensions of the combustion chamber and burner devices used,
productivity, excess air ratio, number of burners and additional
nozzles (injectors) and their height, method, volume and speed of
supply of the aero mixture and additional air, fuel composition and
oxidizer, etc.) and create geometric, physical, mathematical and
chemical models that adequately reflect the real technological
processes of combustion of domestic high-ash coal (Karaganda
coal, ash content 35.1%) in the combustion chamber of the BKZ-
75 boiler at Shakhtinskaya CHP.

2) Using modern information technologies (IT) in the thermal
power industry and the experience of the project participants in the
development of physical, mathematical and chemical models that
describe the processes of heat and mass transfer in areas of real
geometry (combustion chambers of power plants), create a
package of computer programs for conducting computational
experiments on the implementation of the method of two-stage
combustion of high-ash coal in the combustion chamber of the
BKZ-75 boiler at Shakhtinskaya CHP.

3) Conduct research to determine the impact of the introduction of
the technology of two-stage combustion (two-stage combustion)
of high-ash Karaganda coal on the characteristics of combustion
processes: aerodynamics of flows, temperature fields,
concentration fields of carbon COx and nitrogen NOy oxides




throughout the volume of the combustion chamber of the BKZ-75
boiler at Shakhtinskaya CHP and at the exit.

4) Using 3D computer modeling methods, explore various modes
of supplying additional air to the combustion chamber through
injectors, changing its volume from 0% (basic option, traditional
combustion) to 30% of the total air volume required for fuel
combustion, and indicate the best option for effectively reducing
the level emissions of harmful substances such as carbon oxides
COx and nitrogen oxides NOx.

5) Use the developed package of computer programs for highly
informative visualization of the obtained data for graphical
interpretation of the research results:

- two-dimensional graphs of changes in the height of the
combustion chamber of the BKZ-75 boiler of the main
characteristics of the process (speed, temperature, concentration
of harmful substances);

- 3D images of temperature and concentration fields in the
characteristic sections of the furnace (the area of the burner belt
and the installation of additional nozzles, the area of the
longitudinal and cross sections of the combustion chamber and at
the exit from it)..

6) Verify the results obtained by comparing them with the
available experimental data obtained directly at the operating
Shakhtinskaya CHP and theoretical calculations using the CKTI
method [1].

7) To propose effective design and layout solutions for the
implementation of the technology of two-stage combustion of
high-ash Karaganda coal in the combustion chamber of the BKZ-
75 boiler and determine the optimal mode for supplying additional
air through nozzles (injectors) to minimize the concentration of
harmful substances at the outlet of the furnace space.

The completed tasks will allow creating universal technologies
and methods for studying the processes of fuel combustion and
the formation of harmful dust and gas emissions at any thermal
power plant and suggesting effective methods for burning low-
grade coal in order to increase the efficiency of power plants and
reduce the emission of harmful substances into the atmosphere.

Expected and achieved
results

* Technical and geometric data will be determined to create
geometric, physical-mathematical and chemical models that
adequately reflect the actual technological processes of high-ash
coal combustion in the furnace of the BKZ-75 boiler at
Shakhtinskaya CHP.

* A package of computer programs will be created for carrying out
computational experiments to study the effect of two-stage
combustion technology on the characteristics of combustion
processes.

* Various regimes for supplying additional air to the combustion
chamber will be investigated, varying its volume from 0% (base
case) to 30% of the total air volume required for fuel combustion,
and the best option will be indicated to reduce carbon COx and
nitrogen oxides NOx.




* A program for highly informative 3D visualization of the
obtained results will be developed and their verification will be
carried out by comparing them with experimental data obtained
directly at the operating Shakhtinskaya CHP and theoretical
calculations using the CKTI method.

» Efficient design solutions will be proposed for the
implementation of the technology of two-stage combustion of
high-ash coal in the combustion chamber of the BKZ-75 boiler
and the optimal mode for supplying additional air to minimize the
concentration of harmful substances at the outlet of the furnace
space will be determined.

The results obtained will make it possible to effectively control the
processes of fuel combustion in real power plants with the
necessary impact on its various parameters, to find the best design
solutions for burners, to create optimal methods for burning high-
ash coal, to minimize harmful emissions into the atmosphere,
which undoubtedly contributes to solving urgent problems of
thermal power engineering and ecology.

The results of the study are aimed at solving an urgent global
problem - reducing emissions of harmful substances. The practical
significance of the results is in obtaining new knowledge for
constructing a modern theory of fuel combustion and its rational
use. Other countries with traditional coal energy (Russia, China,
India, Poland, Indonesia, Mongolia, Vietnam, etc.) will also be
interested.

The results of the research will be introduced into the educational
process (bachelor's, master's, PhD) in the preparation of highly
qualified, competitive specialists.

The results of the research will be published in scientific
publications indexed in the Web of Science and Scopus databases,
which will determine the competitiveness of the team and
scientific organization in which the Project is being implemented.
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5. Ospanova Shynar Sabitovna, PhD (h-index (Scopus) - 6, h-
index (Web of Science) - 3, Researcher ID A-8880-2015, ORCID
0000-0001-6902-7154, Scopus Author ID - 55988678700).
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