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Abstract. This paper studies the key problems of mining enterprises 
activity, which is mainly based on monofunctionality. A synergistic 
approach is described, which is a constituent basis for perspective 
performance of coal mines. The possibilities for profile reorientation of the 
coal mine operation as an enterprise for obtaining a natural gas substitute 
are analysed. The design peculiarities of a laboratory setup for studying the 
coal gasification processes (carbonaceous feed, various types of waste, 
etc.) are described that will form new approaches to implementation of the 
pilot units for producing the natural gas substitutes on the territory of coal 
mining enterprises, and combine them into a single mine technological 
chain. The developed setup, aimed to study the gasification processes, 
makes it possible to substantiate and determine the parameters of the 
carbonaceous feed gasification technology for obtaining the end product as 
a natural gas substitute. 

1 Introduction 
Currently, 11 state-owned coal mining enterprises (35 mines, of which three are in the 
phase of decommissioning) are under the jurisdiction of the Ministry of Energy and Coal 
Mining. Only two coal mining enterprises, such as PJSC Shahta Nadiya and SOE CC 
“Krasnolymanska” (one mine) are profitable. This situation leads to a decline in the mining 
industry, which provokes active processes of depopulation, deterioration of environmental 
conditions, an increase in unemployment, and the like [1, 2]. 

In fact, due to the lost access to the main oil and gas fields on the Black Sea shelf and a 
significant part of the coal deposits in the Eastern Donbass, restructuring of mines and 
reducing the cost of produced coal is an extremely urgent and strategic task. The mining 
industry prospective development is impossible without the introduction of innovative 
technical and technological solutions: modern approach for mining field planning [3-5] 
backfilling of gob area [6-9], reclamation and recultivation processes [10-12], control of 

                                                
*Corresponding author: saik.nmu@gmail.com 

E3S Web of Conferences 230, 01022 (2021)

Gas Hydrate Technologies: Global Trends, Challenges and Horizons - 2020
https://doi.org/10.1051/e3sconf/202123001022

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative

Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 



mine ventilation [13-15], geomechanical stydy of rock mass behaviour based on rock 
properties stydy [16-19], ecological and environmental management [20, 21].

About 80% of all coal reserves occurs in thin and ultrathin seams. At the same time, the 
load on the stope faces is constantly growing. In the mines of the Western Donbass, during 
the longwall faces operation on these seams, the average load from one longwall face is 
about 2500-4500 t/day. Despite this, the processes of mining the coal from thin and 
ultrathin seams, in terms of their efficiency lead to a revision of the technologies for their 
development. A prominent representative of the mining sector, the coal region of Ukraine –
Western Donbass with its main centres in the cities of Pavlohrad, Pershotravensk, Ternivka, 
is located in the Dnipropetrovsk region. Coal mining is performed by the private sector –
PJSC “DTEK Pavlohradvuhillia” company. Despite the fact that the company continues 
investment in capital construction and production modernization even in difficult 
conditions, at the same time it is considering the possibility of decommissioning a number 
of mines [1, 22, 23].

Now the innovative effectiveness is an integral part of scientific and technological 
progress. Innovations contribute to a more complete needs satisfaction, an increase in the 
enterprise’s competitiveness in terms of product quality and production efficiency, 
organization and management of production at a modern level, as well as environmental 
protection and ensuring comfortable labour conditions [24, 25]. At the same time, the 
adjustment of innovative projects parameters is based on a refinement of the initial 
technical and economic objective, including the term of the project completion due to 
delays in the financing of its stages, violation of technologies when introducing 
innovations, delay in delivery of raw materials and other complications. In all cases of such 
violations, the resulting loss costs are added to the project costs.

Coal is an important strategic raw material for the global energy market. The fuel and 
energy complex of Ukraine, in particular the coal sector, is represented by mines which are 
in crisis [26-28]. At the same time, these mines are the main profile specialization of single-
industry cities. According to the State Strategy for Regional Development for 2021-2027, 
dated August 5, 2020, the cities whose development is associated with the implementation 
of one production function belong to monofunctional. A demonstrative example of such 
monofunctional cities are the main centres of coal mining regions.

As indicated in the report materials [29]: “Despite the certain measures adopted and 
significant financial support from the state for two decades, the degradation of the industry 
is only increasing: the significance of one of the industries that ensures the energy security 
of the state is gradually being lost. Among the main reasons for unsatisfactory state of the 
industry is the lack of a systematic approach to the implementation of state policy in the 
coal industry. This indicates the imperfect and inefficient existing system of state support
for the coal industry”.

Thus, the relevant ministries face operational objectives and tasks, which require an 
urgent and immediate solution, specified in the State Strategy for Regional Development 
for 2021-2027. (These include the tasks in the direction of “Restoration and development of 
territories, structural economic restructuring of the regions affected by the armed 
aggression of the Russian Federation against Ukraine”, p. 5; in the direction of “Socio-
economic transformation of territories where coal mining and coal processing enterprises 
are in the process of shut down”, p. 1-5, p. 9-10).

As noted in the work [30], in the event of mines liquidation, the problem of ensuring the 
employment of the released labor force and supporting the infrastructure of the mine 
settlements arises. Therefore, the main task at this stage is to create new jobs. In order to 
solve it, the new small and medium enterprises can be established in the areas of closed 
mines or the new production processes can be developed for methane production from the 
mined-out space of non-functioning mines.
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2 Literature review
In recent years, it has become important to use a synergistic approach to analyze economic 
phenomena and processes. It is based on the development of new principles for the 
formation of a complex technological innovation system from simpler elements with the 
use of their best features and advantages [31].

As noted by the author in the work [32], the synergetics emerged resulting from 
“interdisciplinary problems”: environmental, demographic, economic, food and other 
global problems of mankind have acquired such proportions that require the combined 
efforts of scientists from all branches. 

The synergistic approach is based on the possibility of cooperation in complex systems, 
and it comparatively better describes the phenomena and events which take place in the 
context of globalization [33, 34]. The use of synergistic approach is extremely important in 
the format of prospective activity of single-industry cities. By involving the property 
complex of coal mines on the territory of single-industry cities, it is possible to organize
and implement separate business projects from mono (coal mining) to multifunctionality 
(coal mining, coal gasification, processing of solid household waste, capturing of coal mine 
methane with further gas hydrate formation, etc.) [35-37].

In this case, coal is the main energy feedstock for obtaining a natural gas substitute. 
When analysing the trends in the fuel and energy complex development, the alternative 
fuels are quite clearly revealed today, in particular, biofuel, water-coal fuel, synthesis gas 
(SG), synthetic natural gas (SNG) and hydrogen [38]. At the same time, the process of 
quick re-equipment of a coal mining enterprise for production of a substitute for natural gas 
can be based on the introduction of gasification technologies [39]. Moreover, it is 
additionally necessary to consider the utilization of different waste types, in particular,
organic waste, which is implemented at combined complexes, which include high-
temperature units of utilization and purification.

In coal gasification (thermal destruction of carbonaceous feed, waste of various genesis), 
there are three main gases in the initial jet of the main combustible gases: carbon oxide (СО), 
methane (СН4) and hydrogen (Н2) [40, 42]. The feed gas may also contain substantial 
amounts of other gaseous hydrocarbons (СxНx) [43, 44]. In this case, to improve the economic
performance when introducing this technology on the territory of mining enterprises, the 
associated recovery of methane, contained in large quantities in the rock mass, is promising in 
the process of thermal destruction [45]. In fact, it refers to the creation of a new combined 
technology for mining the coal deposits from two well-known technologies – underground 
coal gasification and technology of methane recovery from coal seams [46].

Enterprises of underground gasification can be realized in two formats. The first 
includes hot water supply (HWS) enterprises, the product of which is gas for the production 
of heat and electricity at thermal power plants. The second includes the energy-chemical 
complex “HWS-TPP”, in the scheme of which technical and technological solutions are 
used, which increase the efficiency due to steam and gas installations and improve the 
ecological purity of the complex due to the processing of initial gasification products [47-
49].The formation of the synergistic approach principles for obtaining a substitute natural 
gas, based on gasification technologies (thermochemical destruction), is characterized by 
the following common features:

– availability of the required source of transformation and appropriate technical support;
– using the resource, technological and organizational potential of enterprises involved 

in the exploitation and development of carbonaceous feed (preference is given to coal 
mines to be decommissioned);

– achieving joint interaction of fuel and energy sector with communal services for the 
full-factor raw materials attraction and the use of the obtained resources to preserve 
environmental components.
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– determining the demand for the necessary energy products, based on the needs of the 
domestic and world markets;

Formation of new approaches to the potential development of coal mining enterprises in 
our time is becoming essential. This will make it possible to substantiate and predict the 
effectiveness of the proposed solutions regarding the development prospects of not only the 
coal enterprise, but also the region as a whole [50-52]. The main principle that should be 
laid into foundation, from a technological point of view, is the continuous system
functioning. The predominant operating principle of such a system is cogeneration 
production of energy carriers based on underground coal gasification, accumulation 
systems and energy-biological processing.

The creation and development of a new enterprise model or the improvement of the 
existing one is associated with a number of solutions to complex technological problems 
and the possibility of their adaptation in various conditions of enterprise functioning. The 
model is a constituent part of the scientific worldview of the studied object, which, by
grouping the common features of the given object, enables displaying its statistical and 
dynamic indicators [53, 54].

Before the formation of a gas generator model, it is necessary to assess the basic 
principles and permissible errors that will substantiate its adequacy. Rational principles and 
permissible errors, when constructing the models, make it possible to determine the basic 
patterns of the processes characteristic of a given model. In this case, it is possible to 
neglect the secondary factors influencing its formation. It is customary to distinguish 
between methods of mathematical and physical modelling, which are based on the 
principles of physical or mathematical similarity in scientific research.

Thus, the research purpose is to develop a laboratory setup for the study of coal 
gasification processes (thermochemical destruction of carbonaceous feed, waste of various 
genesis). This makes it possible to further study the potential of this type of raw material
with the formation of new approaches to the pilot projects, developed on the territory of 
mining enterprises, with the use of a synergistic approach.

3 Methodology of research
Based on the analysis of domestic and international experience of coal gasification 
installations (thermochemical destruction of carbonaceous feed), the authors of this work  
have developed and constructed a laboratory setup for studying the above processes using 
the CAD software package (SolidWorks). This setup makes it possible to substantiate the 
operating parameters of the formed georeactor system both along the length of the burning 
front and the length of gasification column. In addition, due to the setup design features, it
is supposed to study the “well – gas generator” technology.

Physical modelling makes it possible to perform the entire geotechnical process or its 
certain parts on a test bench set. This makes it possible to study the patterns of physical and 
chemical phenomena occurring in the model at minimal financial expenditures. However, 
there are some difficulties in transferring the obtained patterns to real conditions, since it is 
necessary to strictly observe the similarity requirements. When studying the underground 
gasification process, only an approximate physical modelling is possible within the 
framework of the classical similarity theory. The problem is not only in theoretical 
providing the similarity criteria equilibrium for the model and prototype, but also in the 
choice of materials which will be used for modelling the rock mass. According to the 
similarity theory, which allows determining the similarity criteria of various types and 
phenomena, it follows that physical modelling of underground gasification on equivalent 
materials is possible, because the equations describing physical-chemical processes in the 
model and in prototype are the same.
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4 Result and discussion
The authors of this work describe their own project development to study the processes 
associated with obtaining a natural gas substitute. The setup was purchased with the support 
of the Ministry of Education and Science of Ukraine within the framework of establishing 
the Centre for Collective Use of Scientific Equipment “Innovation Geoenergy” (adopted by 
the Ministry of Education and Science of Ukraine, order No. 444 dated 02.08.2018) with 
the formation of a laboratory for thermochemical transformation technologies. 

The proposed method for producing a natural gas substitute is based on gasification 
technology. The reproduction and research into gasification processes are effective through 
the setup completion with the formation of its main working systems. Fig. 1 shows the 
technological scheme of the coal gasification setup.

1

2

10

35

6

89

7

4

11

І

ІІ

ІІІ
ІV

V

VІVІVІ

12
13

14

15
16

17

18

Fig. 1. Technological scheme of the setup for carbonaceous feed gasification (thermal destruction) of 
the coal gasification: 1 – metal case; 2 – sampling cooler; 3 – automated generator gas metering 
system; 4 – gas analyzer; 5 – smoke sucker; 6 – automated system for metering the blowing mixture 
consumption; 7 – oxygen cylinder; 8 – compressor; 9 – steam generator; 10 – blowing reagents 
distributor; 11 – thermocouples; 12, 13 – blowing pipeline valves; 14, 15 – gas discharging pipeline 
valves; 16 – reaction channel; 17 – direction of the blowing mixture movement; 18 – direction of the 
generator gas movement; I – pipeline for the blowing mixture supply at the “well – gas generator” 
technology; ІІ – reverse pipeline; ІІІ – oxygen pipeline; IV – air pipeline; V – steam pipeline;
VI – gas discharging pipeline.

The setup is based on four constituting segments: 
1. Stand for research into gasification processes. This is a three-section metal box 

designed to study the gasification processes when modelling the extraction panel and using 
the “well – gas generator” technological scheme.

2. Blowing components supply system. It consists of blowing joints, a “well – gas 
generator” pipeline system, an air compressor, a steam generator.

3. Generator gases discharging system. It includes a reverse joint, gas discharging 
pipeline, cooler tank, smoke sucker.

4. Control and measuring equipment is represented by an automated system for 
metering the consumption of blowing and gas discharging mixtures, gas analyzers, 
thermocouples, a thermal imager and a pyrometer.

During the previous studies [55], it has been determined that the gas temperature at the 
outlet from the experimental gas generator is 435-550°C. This value of the generator gas 
temperature makes it impossible to determine in it the combustible gases qualitative 
composition using the available gas analyzer. Therefore, a cooling tank is additionally 
introduced into the gas discharging system, which not only provides cooling of the 
generator gas, but also makes it possible to perform sampling from the condensate formed 
during the research. The cooling tank design provides for a pipeline system assembled in it, 
while ensuring the throughput of the gas discharging pipeline.

When modeling the coal seam, a reaction channel is formed in it (16). To accelerate the 
coal seam ignition, it is covered with pieces of coal, and to quickly burn the reaction 
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channel through, the operation of the compressor (8) and the smoke sucker (5) is 
synchronized. The beginning of the gasification process is controlled by a gas analyzer (4), 
which is set on the gas discharging pipeline (VI).

The coal gasification process occurs with a variation of blowing mixtures, supplied 
from an oxygen cylinder (7), a compressor (8) and a steam generator (9), respectively, 
through oxygen (III), air (IV) and steam (V) pipelines, through an automated system for 
metering the blowing mixture consumption (6), through the pipeline for supplying the 
blowing mixture at the “well – gas generator” technology (I) to the blowing reagents 
distributor (10), and further to the reaction channel (16). In this case, blowing pipeline 
valve (12) is open, and the gas discharging pipeline valve (15) is closed.

During gasification, the generator gas is discharged through the gas discharging pipeline 
(VI), through a sampling cooler (2), an automated generator gas metering system (3) and a 
gas analyzer (4) by a smoke sucker (5). The blowing pipeline valve (13) is closed, and the 
gas discharging pipeline valve (14) is open.

The resulting condensate is poured into a container through a tap hole built into the
lower part of the sampling cooler (2) and sent to a laboratory for assessing the qualitative 
composition.

The reversing process occurs through a reverse pipeline. In this case, the gas 
discharging pipeline valve (14) is closed, the valves (15) and (12) are open.

The qualitative composition of the produced generator gas is controlled using an 
automated generator gas metering system (3) and a gas analyzer (4). The process of burning 
front advance is controlled by thermocouples (11) located along the perimeter on the side 
walls of the metal case (1).

A series of experimental studies performed makes it possible to orient the gasification 
process (thermal destruction) of carbonaceous feed to obtain gas mixtures of the required 
composition. However, given the current state of the fuel and energy complex, the
production of hydrogen, synthesis gas and reducing gases has great prospects. Natural gas 
substitutes, being processed as chemical raw materials, should contain a minimum amount 
of oxidant (СО2) and ballast (nitrogen), therefore the best process is gasification under 
pressure with steam-oxygen blowing.

A distinctive feature of the developed setup is the ability to study the “well – gas 
generator” technology. With this technology, the reaction channel is a cylindrical channel. 
Therefore, when formulating a mathematical description of the gasification process, it is 
necessary to use a cylindrical coordinate system. The input from the side of the blowing 
well is taken as the origin of coordinates (17). During the coal gasification process, the 
reaction zones move along the reaction channel length [56]. The channel dimensions will 
depend on the increment of seam roof caving and ash residue. The forced diffusion 
equation for axial symmetry of the reaction channel can be described by the equation:

2

2
k 1W kd dkdD krdz drdr

�
� �
� �
� �

	 
 � � ,           (1)

where W – average flow velocity directed along the axis of the channel; z, r – coordinates;
k – oxygen concentration on the surface of carbon dioxide; α – reaction rate constant;
D – diffusion coefficient.

The produced gas composition can be changed by varying the blowing mixture supplied 
to the underground gas generator. For example, the content of carbon monoxide in the 
produced gas can be increased by increasing the reaction temperature [57, 58]. The gas 
generator productivity is determined by a number of parameters (pressure, temperature, 
composition of the source material, which is gasified, the supply of reagents and the time of 
their contact in the reaction channel) [59-61]. This process can be performed in three main 
ways: in a stationary layer, in a fluidized layer and in a pulverized fuel flow.
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It should be noted that the variety of the source product in the gasification of 
carbonaceous feed makes possible to obtain a different composition of the formed product:

– generator gas – heat of combustion – 3.8-4.6 MJ/m3;
– synthesis gas for chemical technology – 10.9-12.6 MJ/m3;
– reducing gas (for metallurgical and machine-building industries) – 12.6-16.8 MJ/m3;
– domestic gas (heating) – 16.8-21.0 MJ/m3;
– synthetic natural gas (combination gas) for long-distance transportation – 25.0-38.0 MJ/m3.
When implementing the underground gasification process, the issues of obtaining a 

substitute for natural gas, reducing its losses during transportation, increasing the chemical 
and energy efficiency, and increasing the economical efficiency should be solved 
comprehensively.

5 Conclusions
The solution to the problems associated with the mining enterprises activity is to form a 

new approach to the development of their energy resources. Therefore, today the concept of 
“coal clean energy technologies” is gaining rapid and positive development. Its introduction 
makes it possible to reduce the negative impact on the environment and reduce the 
technogenic load on the coal-mining regions. A peculiarity characteristic of modern coal 
mining is in situ processing. Therefore, the perspective of developing environmentally 
friendly sources, based on alternative coal energy technologies, is obvious. An important 
stage in the underground gasification technology is to obtain high-quality end products with
the possibility of further involvement in the country's energy balance. In addition, by 
forming technologically isolated underground gas generators, it is possible to maximize the 
energy potential of a mining enterprise, that is, to achieve its maximum efficiency, not 
excluding the conditions for ensuring environmental components. The developed setup, 
aimed to study the gasification processes, makes it possible to substantiate and determine 
the parameters of the carbonaceous feed gasification technology for obtaining the end 
product as a natural gas substitute.

This research was performed within the framework of scientific works and scientific-technical 
(experimental) developments of young scientists “Synthesis, optimization and parameterization of 
innovative technologies for mining the resources of gas-coal deposits” under the support of the 
Ministry of Education and Science of Ukraine (State registration No. 0119U000248).
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