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Abstract: Under the “dual carbon” goal, China’s energy structure is accelerating transformation and upgrading, and new energy represen-
ted by solar energy, wind energy, geothermal energy is gradually replacing traditional coal, oil, gas and other fossil energy. Promoting the
optimal combination of coal and new energy is a new requirement for achieving the “double carbon” goal, and also an important path for
the green and low-carbon transformation of coal mines in the future. Based on the analysis of the energy distribution characteristics of coal-
endowed areas in China, it is found that the fossil energy distribution areas dominated by coal are often also areas rich in solar energy,
wind energy, thermal energy and other new energy, which are suitable for large-scale development of new energy in in coal-endowed
areas. The research results are as follows: (D Put forward the concept of full life cycle energy development in coal-endowed areas, divide
the energy development process in coal-endowed areas into three stages: coal, coal and new energy optimization combination, and new en-
ergy, and build a general framework for new energy development in coal-endowed areas; (2) In terms of solar energy development, the the-
oretical reserves and development potential of solar energy in the mining area are evaluated based on the overlapping relationship between
the coal occurrence and the solar energy resource rich area, and a hierarchical comprehensive utilization scheme of solar energy coupled
with photochemical utilization, such as distributed/centralized photovoltaic power generation, solar thermal utilization and solar hydrogen
production, is proposed to achieve diversified and efficient conversion and utilization of solar energy and collaborative mining with coal
resources; B In terms of geothermal energy development, the potential of geothermal energy development in coal-endowed areas is evalu-
ated based on the overlapping relationship between the coal bearing area and the geothermal energy resource rich area. In combination
with the formation mechanism, distribution law and mining situation of the mine geothermal, a collaborative development system of deep
mineral resources and geothermal resources is established to form a comprehensive application scheme for the graded mining of mine geo-
thermal energy and the cascade utilization of thermal users, including the hot water type, rock temperature type and mixed type of the
mine, realizing the strategic transfer of “harm” to “benefit” of mine geothermal; @ In terms of wind energy development, the potential of
wind energy development in the mining area is evaluated based on the overlapping relationship between the coal occurrence and the wind
energy resource rich area, and the application approaches of wind power generation, wind water lifting, and wind heating technologies in
the coal bearing area are proposed, and the wind energy utilization framework for power supply, water cycle power, heating self-suffi-
ciency, and grid connected power generation of underground and underground facilities is constructed; (3 Considering that the roof is gen-
erally managed by the caving method in the current underground coal mining, and the caving space cannot be effectively used for under-
ground energy storage, a technical path of energy storage in the goaf of the mine is proposed, which is “advanced planning of energy stor-
age reservoir — construction of energy storage reservoir using functional backfilling— Energy storage and release operation control”;
© In view of the complex and changeable characteristics of multi energy complementary integrated energy system (MCIES) in coal-en-
dowed areas, a heterogeneous energy flow coupling model of energy production and supply units in coal-endowed areas is established, the
mathematical expressions of different energy hubs in MCIES are unified, and the energy management and optimization logic method and
operation mode of MCIES in coal-endowed areas are proposed. This paper aims to explore the combination path of coal and new energy,
demonstrate the feasibility of large-scale development of new energy in coal-endowed areas, endow coal bearing areas with the function of
energy supply in the whole life cycle, and form a new mode of energy industry development of coal enterprises integrating “mine-wind-
light-heat-storage”.

Key words: “double carbon” target; full-life-cycle; new energy development; energy storage in goaf; multi-energy complementation
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Table 1 Estimation of solar energy resources in coal-endowed areas in China
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b 3.76 60139 143898 2670 1038.96 8963 39.07 32.40 48.00 129.06 110.73 297.69
v 2131 3899.18 142689 2870 829.44 7050 176.79 155.26 217.21 583.96 530.61  1426.55
e 8.88 1225043 158132 2930  6391.80 43791 567.38 410.02 697.08  1874.11 140130 3767.40
oy 2.23 5927 138125 2210 742.68 5209 16.56 9.24 20.35 54.70 31.58 84.91
Ak 245 30.03 134427 2280 895.32 7820 21.98 15.76 27.00 72.59 53.85 144.77
B 097 176.13  1294.16 2340  2149.56 12437 20.90 10.19 25.68 69.05 34.82 93.62
b)) 1.21 50.49 1307.84 2020 595.44 8 842 7.22 7.80 8.87 23.85 26.65 71.65
Wi 0.02 044 1251.88 2040 463.68 5997 0.09 0.09 0.11 0.30 0.30 0.80
T 421 61159 124251 2210 610.20 7650 25.70 25.63 31.57 84.88 87.60 235.51
Eizye 1.07 2557 1291.07 1990 561.96 3667 6.02 2.81 7.39 19.88 9.61 25.85
AN L] 2.94 40.84 119424 2150 735.12 8292 21.58 18.84 26.52 71.29 64.40 173.13
7R 6.08 405.13 137978 2280 789.12 15541 47.98 71.55 58.94 15847  265.05 712.59
| 9.04 919.71 1269.41 1920 786.96 10327 71.16 64.54 87.42 235.04 220.58 593.03
WE 0.11 204 115151 1790 804.96 9586 0.87 0.66 1.06 2.86 227 6.11
W 127 4535 1077.03 1610 890.64 10929 11.35 8.08 13.95 37.50 27.60 74.20
TR 0.78 9.11 1256.01 1690 866.52 6005 6.75 2.85 8.29 22.30 9.73 26.15
I 0.55 17.64 118635 1470 102276 10853 5.60 3.14 6.88 18.48 10.74 28.87
53] 0.00 0.01 1503.04 1870 171.36 7883 0.01 0.02 0.01 0.02 0.08 0.21
mi 235 303.79 1385.8 1790 226548 13528 53.14 20.45 65.29 175.53 69.88 187.89
il 1810 18969 102126 1630 681.84 7977 123.44 84.75 151.66 407.74  289.63 778.66
ENE] 3.50 437.87 149081 2340  2078.64 16453 72.79 48.53 89.43 240.42 16587  445.94
[ 0.04 8.09 192011 3050 849816 32038 3.46 1.43 4.25 11.43 4.89 13.16
Bery 1138 2031.1 132147 2910 936.36 9446 106.57 112.63 130.93 352.01 38491  1034.84
HM 394 142887 1636.62 3000  2412.00 16339 95.14 69.61 116.89 31427  237.89 639.57
Tl 1.07 38042 179811 3190  4917.60 25287 52.42 30.96 64.41 173.16 105.80 284.45
THE 1145 172111 1617.78 2980 392.76 4294 44.95 52.73 55.23 148.49 18020  484.46
e 456 180373 16263 2920 974160 57124 44469  274.11 54634  1468.85  936.82 2518.63
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Fig.4 Corresponding solar energy resource reserves of top 10

provinces in terms of coal reserves
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Table 2 Estimation of geothermal resources in coal-endowed areas in China
K TR X TR DR XTI HOAA TR G A TG X P VR Prabrst/ PramdECo,/
Trkm?"! i /gt 10" k)13 I AEIE/10" kI (ita™) (Jita™)

dext 0.14 8.54 94.81 8.10 276.73 743.86
Kt 0.04 3.33 394.51 13.14 448.92 1206.71
ol 0.71 3.76 3052.00 114.76 3920.74 10538.94
v 3.34 21.31 897.92 191.35 6537.41 17 572.56

REF 10.51 8.88 176.35 15.66 535.02 1438.13
L7 0.33 2.23 339.91 7.58 258.97 696.11
bk 0.46 245 96.00 2.35 80.29 215.81

BT 0.46 0.97 236.50 2294 78.37 210.67
LR 0.13 121 266.13 3.22 110.01 295.71
i 0.002 0.02 1.20 0.024 0.82 2.20
L 0.59 421 60.52 2.55 87.12 234.18
e 0.13 1.07 44.70 4.78 163.31 438.97
AL 0.49 2.94 66.66 1.96 66.96 180.00
IIYS 0.96 6.08 2092.86 127.49 4355.65 11 708.00
O] 1.51 9.04 404.68 36.58 1249.74 3359.31
Wit 0.02 0.11 87.81 0.097 3.31 8.91
il 0.27 127 10.46 0.1328 4.54 12.20
TR 0.14 0.78 22291 1.74 59.45 159.79
I 0.13 0.55 256.12 1.41 48.17 129.49
e 0.000 15 0.42 20.439 8.584 293.27 788.31
)il 1.14 2.35 6525.40 153.35 5239.15 14 082.84
M 3.19 18.10 88.08 15.943 544.69 1464.12
=M 1.38 3.50 197.71 6.92 236.42 635.50
UL 0.05 0.04 4807.70 1.923 65.70 176.60
Bepy 2.34 11.38 68.943 7.8457 268.05 720.51
HH 1.68 3.94 95.401 6 3.758 8 128.42 345.19
HiF 0.77 1.07 142.50 1.52 51.93 139.59
i 7.60 4.56 961.00 43.82 1497.10 4024.19
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Fig.7 Schematic of the comprehensive utilization system of geothermal energy in coal-endowed areas
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SEEE CO, WlAE B b, top i B EEAEH
2.3.3 WM RUAEF) A 7 X
IR X XU =22 43 R & HL, U 0K
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Table 3 Estimation of wind energy resources in coal-endowed areas in China

IR AEARUN WX BUEX BesHl BeTIRR BGIRG BNGEEE  WURRHL Wi R BUEITS HUEeEE
kR mpER B mRY W I/ (Zz Y coy WA W (Z2 COy/
(W-m?) h % T3 km? GW 10"°kJahy  (deray  dZra)  TKW (10%kIa)  (Jita)  (Jita)
st 16979 1816 8.54 0.14 237.8 0.16 0.53 1.43 39 0.22 0.74 2.00
KHE 20796 1965 333 0.04 83.1 0.06 0.20 0.54 239 0.56 1.92 5.16
WAL 22803 2144 3.76 0.71 1618.8 1.25 426 11.46 24832 72.07 24591 661.13
tvE  198.06 1918 2131 332 65842 4.55 15.51 41.71 16 630 244.70 834.97  2244.84
WElT 36424 2305 8.88 1051 38263.6 31.75 108.34 29128 161016 118640  4048.54 10 884.64
LT 29301 2300 2.23 0.33 967.1 0.80 2.73 7.35 8347 15.41 52.59 141.39
H 31736 2216 2.45 046 14571 1.16 3.97 10.66 10 669 20.85 71.16 191.30
BIRIL 29082 2323 0.97 046 13343 112 3.81 10.24 18771 1523 51.96 139.69
I 20023 1973 1.21 0.13 259.7 0.18 0.63 1.69 7484 6.43 21.95 59.01
WL 14033 2090 0.02 0.00 2.9 0.00 0.01 0.02 5349 0.08 0.27 0.74
TR 16724 1809 421 0.59 986.4 0.64 2.19 5.89 7020 19.25 65.68 176.57
W 13035 2639 1.07 0.13 169.3 0.16 0.55 1.48 6304 6.41 21.87 58.79
IV 14573 2028 2.94 0.49 715.1 0.52 1.78 4.79 3661 7.86 26.81 72.09
WA 22539 1863 6.08 096 216338 1.45 4.95 13.31 22033 89.84 306.57 824.24
MR 17573 1480 9.04 151 2653.0 1.41 4.82 12.97 9116 4391 149.82  402.81
Wt 12488 1960 0.11 0.02 255 0.02 0.06 0.17 3798 0.29 1.01 2.70
WIF 14248 1960 127 0.27 383.3 0.27 0.92 2.48 3558 3.19 10.88 29.25
AR 16015 1612 0.78 0.14 2245 0.13 0.44 1.20 13115 5.94 20.26 54.46
J7PE 19199 2385 0.55 0.13 250.9 0.22 0.74 1.98 13 040 6.16 21.01 56.49
il 15002 2553 235 114 17134 1.57 5.37 14.45 14325 30.94 105.57 283.84
s 15933 1861 18.10 319 50814 3.40 11.62 31.23 6247 75.75 258.49 694.96
=M 14759 2808 3.50 138 20358 2.06 7.02 18.88 14 168 50.13 171.05 459.87
PUR 25563 2173 0.04 0.05 125.6 0.10 0.34 0.90 47 609 1.49 5.08 13.67
BEpE 149.07 1931 11.38 234 34878 242 8.27 2224 10340 81.80 279.12 750.42
HH 22964 1787 3.94 1.68 38535 2.48 8.46 22.74 17626 44.68 152.45 409.86
HiF 22706 1743 0.14 0.10 2343 0.15 0.50 1.35 14227 1.28 435 11.70
TH 23509 1811 11.45 076 17873 1.17 3.98 10.69 3900 29.11 99.34 267.09
B 233700 2147 4.56 759 177424 13.71 46.79 125.81 38960 137.32 46856  1259.73
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Fig.9 Schematic of the comprehensive utilization system of wind energy in coal-endowed areas
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Table 4 Application of wind power system in mining in-

dustry abroad
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