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Abstract: This paper is the result of geothermal exploration engineering.

[Objective] With the gradual adjustment of China's energy structure and the implementation of coal capacity reduction policy, the
number of closed/abandoned coal mines has increased in recent years. Under normal circumstances, conventional geothermal mining
faces problems such as large investment costs and easy to induce geological and environmental disasters, while closed/abandoned
coal mines contain abundant hot water and space resources, which effectively reduces the risk and investment cost of geothermal
resource development. Mine geothermal is different from conventional shallow geothermal and medium and deep hydrothermal heat,
and also different from oil field geothermal heat, and has its own characteristics, so it is necessary to adopt different geothermal
development and utilization technologies. [Methods] This paper summarizes the distribution characteristics of geothermal resources
in coal mines in China by literature review method. On the basis of analyzing the development and utilization methods of mine
geothermal resources, this paper proposes a way to transform mine geothermal energy and the heat damage caused by it into effective
utilization of geothermal resources, discusses the application of mine geothermal development theory in practical cases, and explores
and analyzes the feasibility of various ways of mine geothermal resource development and utilization. [Results] (1) The utilization
methods of mine water geothermal resources are roughly divided into two categories: geothermal recovery closed system and
geothermal recovery open system; (2) China's 26 major coal—producing provinces, high—altitude temperature mines are distributed in
13 provinces such as Henan, Jiangsu and Shandong. The thermal reserves of geothermal resources in the main coal-endowed areas
are 1.12x10" kJ, equivalent to 379.539 billion tons of standard coal, of which 74.66% of the geothermal resources of coal mines are
located in North China; (3) Taking Shandong Tangkou Coal Mine as an example, a geothermal resource utilization model was
established, and the feasibility of geothermal resource utilization in coal mines in China was discussed. (4) We put forward a variety
of mine water geothermal development directions, establish "coal-water—heat" linkage research and intelligent monitoring system,
explore the extraction of lithium and other high—value elements from mine water, and use geothermal energy to transform abandoned
coal mines into underground farms. [Conclusions] Carbon reduction is one of the key challenges in addressing climate change. The
use of geothermal resources in abandoned coal mines can reduce dependence on traditional fossil fuels, reduce carbon dioxide and
other greenhouse gas emissions, and make a positive contribution to carbon emission reduction goals, but China's mine
hydrogeological conditions are complex, and the development and utilization experience of typical mines in foreign countries cannot

be copied, and a new mode of geothermal application suitable for abandoned mines in China should be actively explored.

Key words: geothermal mining; abandoned mines; geothermal exploitation; application mode; mine geothermal systems; geothermal
exploration engineering

Highlights: (1) The distribution characteristics of geothermal resources in coal mines in China and the development and utilization
methods of mine geothermal resources were summarized; (2) Taking Tangkou Coal Mine as a typical case, a comprehensive plan for
mine geothermal utilization was proposed, and the scheme was evaluated.
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Table 1 Geothermal resources in various coal mining areas in China (after Wang Jiyang et al., 2023)
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ARACT AR X 23.8% 0.86 284.07 1.25 42.61 7.48
. KRIX 11.5% 2.89 985.16 433 147.77 25.96
HALRER X FEIX >46% 5.41 1848.51 8.25 277.28 48.70
HER IR X 7% 1.24 421.89 2.15 63.28 11.12
PEALIR A X 11.7% 0.75 255.76 1.08 38.36 6.74
BRI X <1%
&it 100 11.20 3795.39 17.1 569.31 100.00
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®2 PERST LAERSET (EREE, 2017; TEEE, 2018)
Table 2 Statistics of geothermal conditions in some mines in China (after Wu Hongguo, 2017; Wan Zhijun et al., 2018)

X 5k W45 F/m I AR/ C I AR/ C R R/ CC -hm™) KR/ C
RS2 1000 35.0 40.6 4.00 30
M = RE™ 1010 36 46.8 3.24 50
R 1015 37 40.4 2.36~2.42 26
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A e 1200 36.0 40.0 221 30
AN 2T 1200 33.5 42.0 1.64
I EREER" 1260 51.5 2.65
HERHIE 550 33.6 36.4 3.20 35
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e =0 810 40.0 43.0 3.42
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bR AL 700 36.0 355 1.00~4.20 25
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BRI 1100 36 1.86
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wr=54 838 33.0 35.3 2.44~2.96 29
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HTBAEE IR 1200 37.0 2.61
HBCE G R 740 425 35 1.6~2 36
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Table 3 Comparison of open-loop and closed-loop systems (after Pu Hai et al., 2021)
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Fig.1 Different modes of geothermal extraction from abandoned mines (after Banks et al., 2019)
a—Open system of geothermal recovery without recharging; b—Open system of geothermal recovery with recharging; c—Closed system of geothermal
recovery with U—tube heat exchange; d—Closed system of geothermal recovery with slot heat exchange
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Fig.2 Schematic diagram of geothermal recovery hybrid system
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Fig.3 Overview map of Caphouse Colliery site (after Faraldo Sanchez, 2007)
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Fig.4 Comparison of efficiency and carbon emissions using gas, electricity and heat pump heating systems (after Athresh et al., 2015)
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Fig.5 Simplified schematic diagram of geothermal resource utilization plan in Tangkou Coal Mine
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