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ABSTRACT Under the guidance of China’s “carbon peaking and carbon neutrality” goals, efforts are underway to optimize and adjust
the national energy structure. This involves a gradual reduction in the reliance on traditional fossil fuels such as coal and oil and an
accelerated transition to clean, green, and low-carbon energy sources. The rational development and utilization of geothermal resources
can significantly reduce greenhouse gas emissions while promoting the green transformation and sustainable development of mining
areas. This study uses the Jining Coalfield as a case study, exploring the geothermal geological conditions in the coalfield area. The

investigation revealed that the voids left after coal mining and drainage could potentially serve as a “thermal reservoir.” The study
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utilized thermal reservoir and recovery rate methods to calculate the quantity of geothermal resources and the recoverable reserves for
each mine within the coalfield, evaluating their development and utilization potential. The findings indicated that the geothermal
resource reserves of the Jining Coalfield amount to 1.05 x 10" kJ, which is equivalent to 3.6 billion tons of standard coal. The
recoverable geothermal resource volume was estimated at 1.05 x 10™ kJ or 360000 tons of standard coal. Development and utilization of
these resources are projected to reduce CO, emissions by approximately 8.59 million tons. The study also determined that the average
recoverable resource potential of each mine in the coalfield ranges from 6.82 x 10'° to 3.13 x 10" kJ-km™. This indicates that while the
current level of geothermal development and utilization is low, there is significant potential for expansion. For operational mines, two
technical schemes were proposed: utilizing mine air return heat energy and mine drainage waste heat to enhance energy efficiency and
reduce energy waste. For closed mines, two geothermal utilization models were introduced: “extracting heat without extracting water”
and “extracting heat without consuming water,” which can effectively conserve water resources while promoting sustainable geothermal
utilization. Using a typical coal mine as a case example, the study examined the development potential of underground mine spaces,
including roadways, auxiliary shafts, filling holes, tunnel shafts, direct discharge shafts, surface drainage pipelines, industrial square
buildings, and other mining facilities. This approach outlined a comprehensive technical pathway for geothermal development and
utilization in the coalfield. A geothermal heating demonstration project has now been preliminarily completed, covering a heating area of
50000 square meters. By utilizing geothermal resources, the project can save 118.04 tons of standard coal annually and reduce CO,
emissions by 281.64 t per year, establishing a sustainable model of geothermal resource development and utilization that “extracts heat
without consuming water.” This research provides crucial technical support for the comprehensive utilization of geothermal energy in
mines and contributes to the green transformation of mining operations, aligning with the “carbon peaking and carbon neutrality” goals.
The development and utilization of geothermal resources enable mining areas to optimize their energy structure, reduce reliance on fossil
fuels, and promote the diversified growth of the local economy. Additionally, this approach enhances the quality of the ecological
environment and paves the way for new avenues of sustainable development.

KEY WORDS carbon peaking and carbon neutrality; coalfield geothemal heat; geothermal reservoir; water conducting fracture zone;

geothermal resource assessment; development and utilization; energy storage
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Table 1 Geothermal resource occurrence characteristics of various mines in the Jining Coalfield
Coal-bearing strata Minable coal seam characteristics ; ; ;
Mine characteristics He:f:; Oft‘i:]later Mmildrr?ll;age Temperature/
number Thickness/m Buried Minable coal seam Total Mining fracmreuzoneg/ m :m;'lhil) E
depth/m thickness/m depth/m
1 400.50 626.50 3(31), 37,6, 105, 15, 16, 17 11.51 -200-—1000 47.89 80.1 26
2 557.57 604.15 311,31, 35,6, 15, 16,17 7.97 —-200—1000 34.73 300.0 26
3 363.74 229.88 31,37,6,16,17 5.02 —150—800 29.83 54.8 26
4 380.90 567.52 3,16, 17 8.78 —180—1300 69.19 69.3 26
5 57809 60371  3(31),3%,6, 10, 15,16, 17 12.00 —650—1300 49.71 155.5 42
6 602.83 422.20 31,35, 15,164, 17 5.89 —120—1000 34.11 594.7 31
7 325.49 918.07 31, 3% 3.10 —820-——1500 3491 172.3 36
8 498.72 43203 31,356,104, 15, 16,17 10.26 —560——1200 43.24 204.2 32
9 512.34 45739 34,37, 6, 10§, 12, 15,16, 17 10.32 —400—1300 39.27 625.0 30.3
10 234.69 294.00 10, 12, 15, 16, 17 4.43 —150 ~—400 26.92 200.0 26.3
11 406.56 718.60 31, 105, 12, 16, 17 5.93 —200 ~—=1200 34.31 705.3 36
12 397.79 659.27 10, 12, 16}, 17 9.39 —200 ~—1200 60.34 767.0 36
13 354.57 426.75 31,33F), 125,16, 17 10.46 —270 ~ 950 56.63 220.0 27
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Table 2 Calculation results of geothermal resources in various mines of the Jining Coalfield

1 124 47.89 2600 878 0.067 26 15.8 0.0000692 591.45 4180 996.78 1.29x10" 1.71x10" 1.46x10"
2 65.62 3473 2600 878 0.067 26  15.8 0.0000692 569.10 4180 996.78 4.95x10"  6.60x10" 5.61x10"
3 14.69 29.83 2600 878 0.067 26 15.8 0.0000692 206.54 4180 996.78 9.52x10"  1.26x10'*  1.08x10"
4 10.05  69.19 2600 878 0.067 26 15.8 0.0000692 560.00 4180 996.78 1.51x10" 2.00x10" 1.71x10"
5 7222 49.71 2600 878 0.061 42 15.8 0.0000651 596.19 4180 991.44 2.02x10™ 2.41x10" 2.26x10"
6 56.59 3411 2600 878 0.067 31 15.8 0.0000692 415.87 4180 995.34 6.25x10" 8.28x10'*  7.08x10"
7 76.79 3491 2600 878 0.061 36 15.8 0.0000651 905.54 4180 993.69 1.16x10"™ 1.41x10"” 1.30x10"
8 87.11 43.24 2600 878 0.061 32 15.8 0.0000651 428.70 4180 995.03 1.31x10™ 1.56x10" 1.46x10"
9 105.05 39.27 2600 878 0.061 30.3 15.8 0.0000651 459.39 4180 995.65 1.28x10™ 1.54x10" 1.44x10"
10 15.57 2692 2600 878 0.067 263 15.8 0.0000692 294.27 4180 996.78 9.37x10" 1.24x10" 1.06x10"
11 66.75 3431 2600 878 0.067 36  15.8 0.0000692 714.27 4180 993.69 9.85x10" 1.32x10" 1.12x10"
12 27.02  60.34 2600 878 0.067 36  15.8 0.0000692 654.94 4180 993.69 7.01x10" 9.27x10'  7.94x10"
13 2052 56.63 2600 878 0.067 26.8 15.8 0.0000692 426.75 4180 996.78 2.72x10"  3.60x10'* 3.08x10"
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Fig.5 Technical flowchart for utilizing mine return air heat recovery
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Fig.6 Technical flowchart for utilizing mine water heat recovery
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extraction” geothermal development and utilization model for closed

mines
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Table 3 Main equipment for heating (cooling) of mine water and ground source heat pump system

Serial Number Equipment name Specifications Unit  Number
1 Screw type water source heat pump unit Cooling load of 1790.2 kW, coo?ing power of 260 kW; 5
Heating load of 1842 kW, heating power of 355 kW
2 Air conditioning side circulation pump Flow of 350 m*h™, lift of 38 m, power of 55 kW 3
3 Cooling tower Flow of 400 m*h™' Suite 1
4 Cooling tower side circulating pump Flow of 400 m*h™", lift of 24 m, power of 45 kW 2
5 Heat Exchanger Heat exchange of 3500 kW, material quality 316 stainless steel 2
6 Side circulating pump of plate heat exchanger unit Flow of 300 m**h ™", lift of 20 m, power of 30 kW 2
7 Make-up water pump Flow of 11 m*h™", lift of 44 m, power of 4 kW 2
8 Makeup water tank Volume of 5 m? 1
9 Constant pressure water replenishment device Diameter of 50 mm Suite 1
10 Cyclone sand remover Diameter of 300 mm 1
11 Water softening system Flow of 5 m*h™' Suite 1
12 Submersible pump Flow of 200 m*h ™", lift of 250 m Suite 1
13 Energy station building Renovation of the chemical water workshop 1
14 Heating supply network on the heat source side Including Water;;:(tiai(; rlfj?ceﬁlgit\;.ifél;’ﬁil;bzir;i:le pump, valve, m 540
15 Load side heating pipeline network Pipelines, valves, etcl;u ﬁglrqul gt}:; tcr(;;rg;uter room to the user m 400
16 Centralized control system Suite 1
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