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A METHOD OF OBTAINING GEOTHERMAL ENERGY IN DEEP COAL MINES

The paper provides a theoretical study and practical solution of the scientific and technical problem of
improving the environmental safety of mining areas through the use of a clean inexhaustible resource of low
geothermal energy obtained from waste rock massif of deep mines, the theoretical basis and experimental verification
of the basic parameters and structural elements of mine geothermal heat exchangers, as well as assessing the
effectiveness of their use. First it was theoretically substantiated and experimentally confirmed that the geothermal heat
exchanger channels is the maximum mass flow of coolant, the excess of which leads to lower final temperature.
Environmental effectiveness of the developed suggestions is to reduce the consumption of mine exhaustible natural
energy resources and the negative impact of their burning on environment.
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Introduction. Deterioration of the ecological situation in mining regions is substantially
connected with intensive consumption by mines of different types of energy made from traditional
types of fuel resources: natural gas, coal, oil products and uranium. The main stationary consumers
of energy and fuel are electric motors of mining equipment, mine boiler installations, service
equipment. Their work leads to emissions of heat, greenhouse and toxic gases, aerosols that affects,
first of all, the condition of abiotic factors of nature and significantly reduces the level of ecological
safety of mines. Increased environmental pollution and transfer in atmosphere thermal balance
would gradually change the world climate. Shortage of energy and limited sources of energy would
direct us to the use of new sources and replace them with traditional fuels. Renewable energies,
including solar energy, earth and wind, are among the new sources with no negative effect on
environment and. Geothermal energy under the crust increases with the depth and temperature
increases by 3 degree per 100 meters depth. In other words temperature would be about 50-70 C at
1500-2000 depth which however depends on geologic structure of the area, increasing or decreasing
temperature [4].

Deep coal mines may be changed into a source of geothermal supply of the required energy
for mines and residential units. The benefits can be the foreseeable energy production rate,
decreased greenhouse gases emission, being independent form climatologic changes compared with
solar and wind energy and decreased consumption of non-renewable natural sources. For mining
regions of Ukraine in which there are no superficially located high-potential thermal resources, a
promising source is the heat obtained from the walls of mine workings of deep mines [3].

Geothermal energy disseminated in space can be concentrated in extended channels of
labyrinth configuration. The plan can be used in closed or active mines. One of the most important
benefits of the plan is that no excavation would be necessary for extraction of geothermal energy
but existing tunnels and wells in underground mines can be used which decreases the charges. As
well underground tunnels are assessable and required information about ventilation and surrounding
rocks properties in tunnels is obtained.

Materials & Methods and Results. In this plan the work is based on the usage of air as a heat
carrier. To extract geothermal energy the void spaces can be used in mines and air ventilation
routes. Air, entering the mine moves in some kilometers depth and reaches the surrounding rocks
temperature. Thermal operation can remain unchanged for some decades as a result of thermal
current transferred to the surrounding rocks from the deep earth. To obtain more energy, a heat
exchanger consisted from different channels and tunnels in the extraction part can be constructed in
excavated parts of the rocks. Air would act as a thermal carrier in this exchanger (Fig.1).
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It is supposed to provide energy extraction, creating in the fulfilled parts of a massif,
mine geothermal heat exchangers (MGHE). They represent a system of channels mine
workings in the developed space of the face on which the heat carrier, as a rule, is air [1].

Figure 1 — Schemes of airing of a mine with the use of geothermal energy (a) and air
heat exchange in the mine-out space (b):

1,2 - mine shafts, respectively, air giving and ventilating; 3,8 cross-cuts, respectively ventilating and air
giving ; 4 — spiral pipe; 5,12,10 — developments, respectively, main and local air taking away and the local air
giving; 6 — the pipeline of the cooled air; 7 — ventilating crossing point; 9 — the geothermal heat exchanger

(the shaded part of drawing); 11 — the channels passed in mine-out space at distance 50... 70 m from each
other

The channel network of mine geothermal heat exchanger can be in different forms

including parallel, continuous and combinatory. They should increase the air temperature to that of
the surrounding rocks (Fig.2)

Lmo | Lmo

a) b) C)

Figure 2 — a) Continuous structure; b) parallel structure; c¢) combinatory structures

The above structures have all their weaknesses and benefits but the most important
weakness is that continuous and parallel structures cannot produce energy continuously for, when
the rocks around the channels are cooled down; the network should be closed for
recharging. The weakness can be removed with the use of combinatory structures. It is made
from continuous and parallel structures having their benefits in a single system. As well using
special switches part of the system can be closed for recharging while the other part is active at the
same time. In this way required energy is taken from the network continually. Air passing
the network channels reach the surrounding rocks temperature and then enters an energy
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transformer which may be a thermal pump, spiral pipe, etc., being divided in two warm and cold
currents[2]. Warm current can be directly or with the help of steam turbines transformed to
electricity and be used. Warm gas, with a temperature higher than water boiling point can be used
to evaporate water of high minerals density changing it from a harmful environmental pollutant to
a useful product in industry and agriculture. The second current produced in energy transformer,
the cold air current, can be used for cooling the air in labor working place. This would solve one
of the problems in underground mines in which ventilation is important. Using this method will
increase the possibility to cool the air beside the entry channel to working area, as a result of
which excess heat is discharged to geothermal exchanger channels and increases the source.
For reduction of expenses on fuel resources it is possible to use mine air for heating of feed
water before its giving in system of heat supply and hot water supply, and also for heating of the
air used for the intensification of burning of fuel, directly in a fire chamber of the boiler. In
the latter case the economy of fuel is provided also at the expense of containing in mine air of
methane and coal dust (Fig. 3).

Figure 3 — For reduction of expenses on fuel the Scheme of preparation of air for the use
in a mine boiler room: 1 —air giving shaft, 2— heat exchangers; 3 — ventilating shaft; 4 — additional fan; 5 - the
heat isolated pipeline; 6 — boiler room units; 7 — chimney

Resulted geothermal energy can be used for years even after extraction of minerals. Useful
life of geothermal exchanger network depends on stability and strength of channels, tunnels
and equipment’s used in the system. The network would improve the mine economy and total
mine conditions and lowers the charges for production of minerals. Long term performance of
heat exchangers makes it possible to decrease social problems in the mine area, for instance
with completion of extraction work, labor can be employed for protection and maintenance
of channels or inexpensive electricity and thermal energy and be supplied to the residential areas
around the mine. Recommended method for extraction of geothermal energy is relatively
harmless from the environmental viewpoint and can decrease damages from extraction of coal
mines. The method given in this paper is a new idea which requires more technical and economic
studies as well as thermodynamic calculations, however the method may be considered as one
solving the energy security and crisis in Ukraine coal industry.

Conclusion

1. Defined technology for extraction of geothermal energy form existing rock masses
in deep underground mines would decrease charges for production of mineral and negative effects
on environment through lowering the consumption of fossil fuels in electricity generation

2. The method can increase investment yield for mine productivity would continue
years after the mine being closed

3. Geothermal energy should in first place fulfill the mine requirements, for instance in
generation of inexpensive electricity. In addition it can be used for mine ventilation, cooling
the air and desalination of mineral water, etc.
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B. K. KOCTEHKO, C. CAJIEXIPAIDK
CIIOCIB OJIEP’KAHHS TEOTEPMAJIBHOI EHEPT'II B IVIMBOKHUX BYTIJIBHUX IMAXTAX

Bupiwena wuayxoso-mexwniuna sadaua, wo noiaseae 6 nioguwyeHHi eKono2iuHoi 6esnexu 2IPHUYO000Y8HUX
DecioHi6 Ha OCHOBI GUKOPUCHANHS E€KOA02IYHO YUCMO20 HEGUUEPNHO20 pecypcy HU3bKONOMEHYIHOI 2e0mepManbHOi
eHepeii, 00epicy8aHoi 3 GiONPAYLOBAHUX ZIPDHUYUX MACUGIE 2AUOOKUX WAXM, MeopemuyHoMy OOIDYHMYSAHHI md
eKCnepuMeHmanbHill. nepesipyi OCHOBHUX NAPAMempié [ KOHCMPYKMUGHUX eNeMEHMIE WAXMHUX 2e0mMePMATbHUX
Menio0OMIHHUKIE, a maKkodxc oyiHyi egexmusnocmi ix euxopucmanwus. Exonociuna egexmugnicmv po3poOneHux
nPpono3uYil NOA2AE 6 CKOPOUEHHI CNOJICUBAHHS WUAXIOI0 GUHEPNHUX NPUPOOHUX eHEeP2eMUYHUX Pecypcie i CYnymHb020
iX cnanioeanHIo He2amueHO20 6NAUBY HA HABKOIUWHE Cepedosuue.

Kniouosi cnosa: ceomepmanvna euepzia, MamemMamuyHa MOO0e1b  MENIA000MIHY, WAXMHUIL
2e0mepMaIbHUI Mena000MIHHUK, MEN10nPOGIOHUIL aHKep, Koediyicum mennonpogionocmi, mpiwgunyeami 2ipcoKi
nopoou, mennoea oenpecisn, eKo102iuHa egreKkmueHicmo.

B. K. KOCTEHKO, C. CAJIEXHPA[DK

CIIOCOB MOJIYYEHUSI TEOTEPMAJIbHOM SHEPTUU B IJTYBOKUX YIOJIbHBIX IIAXTAX

Pewena nayuno-mexnuveckas 3a0auyd, 3aKuO4AlOWAACs 6 NOBbIUEHUU IKON02UHECKOl 0e30nacHoCcmu
20pHOO00bIBAIOWUX  PECUOHO8 HA  OCHOBE UCNONL306AHUS  IKOJOSUHECKU YUCMO20 HEUCHepnaemozo pecypca
HU3KONOMEHYUATLHOU 2e0MePMANbHOU IHEP2Ul, NOAYUAEMOU U3 OMPAOOMANHBIX 20PHBIX MACCUBOE 2NIVOOKUX WAXM,
Mmeopemu4eckom 00O0CHOBAHUU U IKCHEPUMEHMAILHOU NPOBEPKe OCHOBHBIX NAPAMEMPO8 U  KOHCMPYKMUBHbIX
NEMEHMOB WAXMHBIX 2e0MEPMANLHBIX MENI00OMEHHUKO8, d MAKdice OYeHKe IPPeKmusHoCmu ux Ucnoab308aHUs.
Dkonocuueckas 2¢pPekmusHocms paspadbomaniblx NPeOIoNCeHUll 3aKAI0UAEMCS 8 COKPAWEeHUU NOMpedaIeHUs WAXMOlL
HeBOCHOJIHUMbIX NPUPOOHBIX DHEP2EMUUECKUX PECYPCO8 U CONYIMCMBYIOWE20 UX CICUSAHUIO 6PEOH020 B030€UCMEUs HA
OKPYHCATOWYIO CPEDY.

Kniouesvie cnoea: zeomepmanvuana  IHepuA,  WAXMHLLIL — 2COMEPMANbHBIL  MENA000MEHHUK,
mennonpogoonsvle amnkKep, Korhpuyuenm mennonpoeooOHOCHU, MPEUUHOBAMblEe 20PHbBIE NOPOObL, HIEN1064:
denpeccus IKonouecKkan IPghekmusnocno.
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