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Abstract. The aim of this paper is to study the methods and develop technological scheme for
thermal energy removal from coal mine rock waste dumps. The prospects of renewable energy
sources development in Ukraine are analyzed. A number of available ways for using the sources of
waste heat of mining enterprises, namely: outlet ventilation flow, mine water and other rock waste
dumps, are investigated. The technological scheme of heat recovery from rock waste dump using
heat pumps, which are component segments of the heat pump geosystem on the basis of borehole
underground coal gasification, is developed.

Introduction

Consumption of energy resources in the nearest time will provoke their rapid rise,
accompanied by their gradual exhaustion. This situation requires a search of internal reserves based
on renewable energy. Energy crisis prompts European countries for searching an alternative source
of renewable energy. Important part of those efforts is conducting of integration research and
development of road maps for sustainable energy use for whole continents because the supply of
sustainable energy is one of the main challenges in modern world (1).

Today, in the world due to the depletion of natural energy resources, the scientific community
is increasingly considering issues related to the promising development of renewable energy
sources (RES). Their share in the energy balance of Ukraine is less than 3%. (Fig. 1) (2).
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Fig. 1. Energy consumption on the basis of renewable energy sources

In the structure of renewable energy production in 2015, hydropower occupied the most
significant share (Fig. 2). Modern RES capacities tend to grow steadily. The greatest dynamics of
development indicate on the solar power industry. In 2016, the power of such solar stations
increased by 18% compared to 2015, from 431 MW to 530 MW [2].

On the basis of renewable energy sources, technologies for obtaining both thermal and power
energy are gaining momentum. The main consumers of heat energy in Ukraine are housing and
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utilities services 60 — 65 [3]. In Ukraine, the main energy products for the electricity and heat
generation are coal and gas. Currently, there is a tendency towards the closure of unprofitable
mines, but the domestic experience of coal industry restructuring is negative [4]. Liquidation of
mining enterprises leads to an acute social situation, which is associated with unemployment,
resource shortages and degradation of settlements. Environmental impacts of coal mining require
significant costs for their elimination. The solution of these problems is to extend the life of mining
enterprises by implementing RES [5].
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Fig. 2. Distribution of energy sources and structure of electricity production
from renewable sources

At mining enterprises there are various powerful sources of exhaust heat: compressor,
ventilation and boiler installations, mine water, outlet ventilation jet and others. The ease of
access to them makes them very attractive additional sources of energy and heat (6, 7). Utilization
of waste heat reduces the cost of fossil energy resources for electricity and heat production,
reduces atmospheric pollution by carbon dioxide emissions and toxic gases at power boiler plants.
At mining enterprises, exhaust heat can be used to heat the air supplied to the mine, in systems of
heating and hot water supply, etc. The rationale of a technical solution for the use of this heat is
determined, first of all, by the potential of this heat and the availability of relevant heat consumers
at the mining enterprises (8-10).

Recent Research and Publications Analysis

Increasing the potential of technological solutions of heat recovery is mainly ensured by the
introduction of heat pump plants. Their exploitation allows to create the technical bases of
integrated energy-saving systems of year-round heating and conditioning of underground and
surface structures of a mining enterprise with seasonal accumulation of excess heat energy in
underground accumulators in the summer and subsequent use of it for heat supply during the
heating season [11]. Information that contain development and research of the efficiency of heat
pump plants usage is given in Table 1 [12].

Table 1. Distribution of information for the development and research
the efficiency application of heat pump plants

No. Information data Share, %

1 Design and research of the efficiency of heat supply systems with heat pumps (HP), 419
development of technical solutions ’
Economic preconditions for the HP usage, technical and economic evaluation of the

2 . 17.6
HP system efficiency

3 Tasks of HP implementation, including in the climatic conditions of Ukraine 17.5

4 HP as a part of energy and resource conservation 12.2

5 Possibilities and efficiency of thermal energy usage in thermal schemes of industrial 54
enterprises ’

6 Environmental aspects of HP usage 5.4
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The main sources of low temperature for HP are water, atmospheric air, soil and steam. The
most used heat source for heat pumps is water [13]. The share of heat pumps operating on this low-
capacity heat carrier is 61%, and on the soil and steam only 3%. It should be noted that the soil
massif is a powerful thermal battery of unlimited capacitance [14], but the temperature potential of
the soil near the surface is small and is approximately 10 —20°C. It is rational to use the energy
with this potential through the heat exchange circuit of the heat pump plant for industrial and
municipal heat supply.

The method of earth’s interior heat utilization, which includes heating circuit in the heat
supply unit of the heat pump installation, is well known. The source of heat is underground mine
waters with their natural temperature [15].

In the structure of mines expenditures for coal production, a considerable part is the cost of
functioning of ventilation and air conditioning systems. At the same time, the possibility of
increasing the efficiency of these systems by traditional methods is practically exhausted.

The outlet ventilation stream from mine maintains thermal energy, which is formed by
contacting an air stream with warm rocks and working process equipment. Therefore, utilization of
low-potential waste heat of the outlet ventilation streams from mines is an urgent task, since this
energy is irretrievably lost [16]. HP installations usage in the cold season can significantly reduce
both its own energy demand and the financial cost of energy supply of stationary installations that
provide the external air heating before it is supplied to the mine. Minimal operating costs will be
incurred when the entire heated load of the mine is covered with the HP system.

Another source of thermal energy in the mining enterprise is the use of energy potential of
rock waste dump. There are approximately more than 1200 rock waste dump on the territory of
Ukraine, which is a simple and additional source of thermal energy. In recent years, a number of
technological solutions have been developed for the heat utilization from them.

In the work [17] was developed and proposed a technological scheme of heat pump
installation for the continuous selection of heat by a low-temperature coolant from the heat-
generated zone of the extinguished heated rock waste dump. The main disadvantage of this
technological scheme is that the soil heat exchanger, which is presented as a through pipe, directly
contacts the batting rock, which leads to its corrosion under the influence of chemical reactions of
oxidation and recovery. In addition, due to the operation of the soil heat exchanger pipe, the
geomechanical and temperature factors that cause its deformation are affected by the operation [18].

Another technical solution is a known method for collecting heat from a rock waste dump,
which is implemented by means of a heat recovery unit from the waste dump [19] containing a soil
heat exchanger made from a register of welded metal pipes placed in reinforced concrete trays filled
with bulk material, closed with concrete slabs, installed at the base of the forming turbine. The main
disadvantages of this method of thermal energy removal is the possibility of locating the heat
exchanger in the already formed rock waste dump, low coefficient of thermal conductivity of
reinforced concrete trays.

Unsolved Aspects of the Problem

Rock waste dump from mining enterprises, not used in the process of manufacturing the main
products, does not always lose its value. It can also be attributed to such waste. It has accumulated
not only the potential for building materials, metals and rare earth elements, but also for the
generation of thermal energy. Development of innovative directions for the creation of
technological schemes for the integrated use of the geosystem for the production of thermal energy
with the help of pumps can increase the efficiency of mining enterprises and their economic
performance. After analyzing the existing experience of the rock waste dump development for the
selection of thermal energy from them, the author of the work found a number of technological
imperfections, which prompts technological improvement. It is expedient to consider a heat pump
unit, which utilizes low-potential heat not as a separate segment of the mining industry, but as a
heat pump geosystem.
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Results and Discussion

Significant savings in organic fuels and energy can be obtained with the widespread use of
low-potential heat of rocks in mines in heat pump geosystems. They provide cogeneration of
electricity, thermal and mechanical energy. For energy-saving technologies there is a significant
interesting natural geosystem in a complex with HP installations and generated gases of borehole
underground coal gasification (BUCG) [20]. The principle of operation of this technological
development is based on the thermal energy utilization of gasification products (the temperature of
the outlet gases is 600 — 800°C) and the tank-battery of heat. It allows simultaneously to effectively
apply two sources of energy for heat supply (Fig. 3).
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Fig. 3. Scheme of heat pump geosystem of power supply with well-rock heat exchangers:

1 — gas from BUCG; 2 — heat exchanger on heat pipes; 3 — output of UCG gas to the consumer;
4 — liquid intermediate coolant (cold water); 5 — hot water cooler: 6 — tank-accumulator;

7 — HP installation; 8 — the site of heat supply; 9 — earth surface; 10 — well-rock heat exchangers
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Gas of BUCG [/ is formed underground by combustion (gasification) of coal seams by
underground gasification. The essence of the BUCG is to drill wells, to incite the coal seam, to blast
air for the coal combustion, to obtain generator gases, which is passed through the wells to the
surface [21]. Next, gas / is fed into a heat exchanger 2 for utilizing heat and gas and for receiving
hot water 5. Water enters the tank-battery 6. Hot heat transfer medium through heat pump units 7 is
fed to the municipal heat supply system 8.

The main purpose of the well hole heat exchangers 70 is the selection of low-potential thermal
energy accumulated in the rock or soil. Further transmission of this thermal energy to the consumer
8, but already at a higher temperature level, occurs with the use of the possibilities of the heat pump
cycle. In systems of soil heat exchangers, the amount of received heat energy depends on the speed,
pressure, type of fluid circulating in the system, its physical properties, the number of soil pipes, the
distribution of temperatures in the soil, the characteristics of the heat transfer process, which affects
the temperature of the heat carrier, from which in turn, the temperature of the coolant at the outlet of
the soil heat exchanger depends.

Execution of soil heat exchangers can be both vertical and horizontal arrangement [22]. The
choice of heat exchanger type is determined by the needs and capabilities of the heat consumer. In a
geosystem that uses a large number of vertical rock tubes, they can be arranged in a form that has a
hexagonal configuration. The distance between the pipes of the rock geosystem, which is created in
mining operations of mines and other underground structures, is determined by the existing area. It
can be taken 0.5 — 2.0 m. Vertical heat exchangers are installed from pipes of different diameters,
which set one in the other. The location of pipe wells in the corners and the hexagon center, allows
to effectively increase the energy accumulated in the rocks in the organization of counter-directed
heat fluxes. The cold coolant moves from the top to the bottom in the inner tube, and from the
bottom to the upward — a hot coolant in the inter-tube ring space. Rocks or soil heat exchangers are
usually made of polyethylene or steel seamless pipes.
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In order to improve the efficiency of the heat pump geosystem, the author of the work is
proposed to carry out the selection of heat from rock waste dumps. This will enable to improve the
component segment of the heat pump geosystem (Fig.3, section 7,9). Therefore, existing
technological and schematic solutions for heat recovery from rock waste dump were analyzed and a
new technological scheme for obtaining thermal energy was developed.

The scheme was based on the task of improving the method for selecting heat from already
formed non-burning, burning and extinguished rock waste dump in coal mines, surface mining and
processing plants. By introducing new technological operations and parameters, it is possible to
obtain heat energy at any level with the development of the whole rock waste dump. This affects the
increase in the capacity of the heat pump plant as a whole, while reducing costs.

The method for collecting heat from a coal mine, a section or a mining and processing plant
include the installation of a heat exchanger element in the dump. Pre-determine the temperature
field of the formed dump, the required number of elements of the heat-exchange system, the
capacity of the heat pump installation. At the selected level, drilling wells in a formed dump with a
suction casing, in which the elements of the heat exchange system are mounted [23]. This
technological scheme is shown in Figure 4.
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Fig. 4. The technological scheme of heat recovery from the rock waste dump: 1 — a dump,
2 — a casing pipe, 3 — a bulk filler, 4 — elements of a heat exchange system, 5, 10 — circulating
pumps, 6 — evaporator, 7 — a compressor, 8§ — a throttle valve, 9 — condenser, 11 — heat supply

pipelines, 12 — heat supply customer

Before the process of horizontally directed wells and installation of elements of the heat pump
system, preliminary study the temperature field of the formed dump and set the necessary number
of elements of the heat exchange system, based on the power of the heat pump installation. After
that, horizontally-directed drilling drills number of wells at the selected level of the formed dump.
Conduct their reinforcement with the casing 2 with the arrangement in it of the element of the heat
exchange system 4. Free space in the casing 2 is filled with loose material, such as sand [24]. The
circuit of the element of the heat exchange system 4 with the installed circulation pump 5 is
connected to the evaporator 6, which through the compressor 7 and the throttle valve § is connected
to the condenser 9. From the condenser 9, the heat supply system 7/ pipelines on which the
circulating pump /0 is installed, after which the pipelines of the heat supply system are brought to
the customer of heat supply /2.

The heat from the dump / is transmitted through the casing 2 and the loose material of the 3
elements of the heat exchange system 4, in which a circuit pump 5 is installed, which pumps the
heat carrier, which removes the thermal energy and transports it to the evaporator 6. As a coolant, it
is possible to use technical water. In the evaporator 6, the received heat energy is selected, which
circulates in the circuit between the evaporator 6 and the condenser 9 with the help of a compressor
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7 and a throttle valve 8. This contour is filled with freon. The resulting hot air vapor frees are
transmitted by the heat in the condenser 9 of the heat supply system /7, connected to the heat
supply customer /2. The circulation in the heat supply system is carried out with the help of a
circulation pump /0. To control the temperature and expenditure of the heat generated from the
waste heap, throttle valve §. The heat removal from the dump is carried out all over its area. The
accumulated heat from the dump according to the technological scheme and the parameters of the
temperature field formation in the dump, directed to a specific customer, taking into account the
seasonal needs of thermal energy.

The developed technological scheme of heat recovery from the dump is an integral part of the
geosystem of supply on the basis of underground coal gasification technology. The efficiency of
this geosystem of heat supply is characterized by the thermal coefficient of energy conversion &:

-2 (1)

where Q — amount of heat using the heat pump evaporator, MJ/kg;

A — the work that is spent on compressing freon in the compressor of the pump, MJ/kg.

The use of energy emitted from the soil or rock massif by means of soil or well rock heat
exchangers and directed to the evaporator of a heat pump, allows to increase the energy
transformation, which increases the efficiency and reliability of the entire geosystem of alternative
heat and electricity supply.

To substantiate the feasibility of introducing a geosystem, it is necessary to determine the soil
temperature in advance:

1

1
T =T, + AT, +1.07kA, exp| - 0.00031611(1}2 cos (%j{n ~ng - 0.01834}{%sz ,°C )
a

where 7)) — average annual temperature of the ambient air, °C;

ATy 1s temperature correction for the specifics of the region concerned, °C;

k — dimensionless factor taking into account the degree of soil coverage by vegetation;

A, — amplitude of oscillation of the average monthly temperature of air, °C;

h — soil depth, m;

a — temperature conductivity of the soil m?/s;

n —number of the day of the year;

no — the duration of the phase change in the amplitude of temperature fluctuations, days.

Energy indicators of the alternative cogeneration power system geosystem can be greatly
improved with the use of heat from rock heat exchangers to provide settlements with hot water
supply throughout the year and the deep utilization of heat of exhaust flue gases.

Conclusions

The proposed method of heat selection from the formed coal mine dumps allows to
significantly increase the energy efficiency of the heat pump geosystem on the basis of underground
coal gasification. Construction of a geosystem with the selection of heat from dumps will make it
possible to autonomously provide electric, thermal and mechanical energy settlements located
around mines. For this purpose, the technology of borehole underground coal gasification of coal
seams and heat pump geosystem of power supply with well-formed rock heat exchangers, located
also in mine workings, may be involved. A new energy saving technological scheme has been
created, taking into account the possibility of using several alternative environmentally friendly
energy sources, among which the most promising is the gas energy of borehole underground coal
gasification and the heat of mine dumps and rocks in an alternative cogeneration energy saving
system.
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