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A B S T R A C T   

The share of new energy in China’s energy consumption structure is expanding, posing serious 
challenges to the national grid’s stability and reliability.As a result, it is critical to construct large- 
scale reliable energy storage infrastructure and smart microgrids. Based on the spatial resource 
endowment of abandoned mines’ upper and lower wells and the principle characteristics of the 
gravity energy storage system, an intelligent microgrid system model for abandoned mines based 
on gravity energy storage is proposed, and the system’s feasibility and key influencing factors are 
discussed and analyzed from the standpoint of economic benefits. The gravity energy storage 
system principle, system structure, subsurface powerhouse, underground storage, and transit 
system are all examined and analyzed.The viability of establishing intelligent microgrid systems 
in abandoned mines is proved using the resource conditions, technical conditions, economic 
advantages, and social benefits of Panyidong Mine in Huainan Coal Mine.The findings indicate 
that the project concept has good economic and social benefits as well as practical viability.Next, 
from the perspectives of technology, policy, and the ecological environment, several recom-
mendations for the development of a smart microgrid system based on gravity energy storage 
power station are made. This study presents a novel concept for the advancement of energy 
storage technology and the reuse of abandoned mine resources, which is critical to the long-term 
development of abandoned mine resources and the advancement of energy storage technology.   

1. Introduction 

To combat global warming, China is actively optimizing the energy supply and consumption structure and promoting the 
implementation of the “double carbon” strategy [1], and the share of renewable energy generation in total power generation will reach 
29.8 % by the end of 2021 [2], There is an urgent need to develop large-scale and high-stability energy storage technologies. The 
existing energy storage technology is affected by various factors such as site, environment, abrasion, and corrosion [3]. 

With the depletion of coal resources and the technological advancement of the coal industry, thousands of coal mines have been 
abandoned [4] but they are still endowed with adequate space, water, geothermal, and other resources [5], providing an important 
foundation for the reuse of abandoned mines. At the same time, the massive drop between the shaft and the abundant space resources 
[6] provide new development space for energy storage technology [7], and researchershave paid close attention to study on the reuse 
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of abandoned mines.The Leyden abandoned coal mine in the United States was the first to construct the world’s first abandoned mine 
gas storage facility in the nineteenth century [8]. Germany [9] and Spain [10] have both conducted design studies on the reuse of 
abandoned mines.Given the physical dimensions of an abandoned mine in the Midlands, UK, Thomas [11] investigated the rela-
tionship between the size of the suspended object’s weight and the power stored before maximizing the stored energy.Jean-François 
et al. [12] built a mathematical model for an abandoned mine in Belgiumto study the feasibility of gravity energy storage in abandoned 
mines in terms of cost effectiveness. The study of abandoned mines in China beganlate.GuDazhao [13] proposed and successfully 
implemented a design concept for underground water reservoirs in coal mines based on the Shendong mining area. Huai’an Jintan area 
[14] converts abandoned salt cavities into underground gas storage with a capacity of 50 million m3; Xuzhou Pan’an Lake constructs a 
minepark [15], Datong [16] and Huainan [17] construct water photovoltaic power plants, thereby launching the treatment of 
abandoned mine collapse areas; Mostafa [18] establishes a theoretical model of gravity energy storage design parameters based on 
MATLAB SIMULINK，the energy storage rate optimization study was carried out by Taguchi and ANOVA technology. Julian David 
Hunt [19] proposes a new storage concept called Mountain Gravity Energy Storage (MGES) that could fill this gap in storage services; 
GezhoubaZhongke Energy Storage Technology Company [20] proposes a new type of energy storage To summarize, it is critical to 
conduct research and development of energy storage technology for abandoned mines due to China’s massive demand for energy 
storage and abundant abandoned mine resources. 

Pumped storage is now recognized as the most mature, dependable, cleanest, and cost-effective method of energy storage [21] 
However, in the process of retrofitting abandoned mines as pumped storage, site selection [22] impermeability [23] and construction 
scale [24] are still constrained to varying degrees. Based on this, this paper proposes an abandoned mine smart microgrid system based 
on gravity energy storage technology’s technical advantages and combining it with abandoned mines [25].Using the Huainan Pan 
Yidong Mine as an example, a method of using abandoned mines to build gravity energy storage power plants is proposed based on the 
principle of gravity energy storage technology, and on which the concept of smart microgrid system is proposed, and an economic 
optimization model is constructed. 

Fig. 1. Abandoned mine smart microgrid system.  
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2. Smart microgrid system for abandoned mines 

The abandoned mine smart microgrid system is presented, which has the functions of peak shaving and valley filling, frequency 
regulation, and voltage regulation, based on the resource conditions of abandoned mines and the technical principle of new gravity 
energy storage. 

2.1. Overview of smart microgrid system 

Renewable energy has grown considerably in recent years. It exhibits volatility and intermittency, which has a significant impact 
on the stability of the national grid [26].As a result, a smart microgrid with safety, stability, and strong regulating capability is urgently 
required. The smart microgrid system is primarily deployed by the national grid and provides energy storage with the nearby new 
energy power plants in order to meet the goal of delivering production and living electricity while also stabilizing the national grid.An 
intelligent microgrid system for abandoned mines is presented in order to make logical use of the abundant resources left after mine 
closure (Fig. 1). 

2.2. Overview of abandoned mine gravity energy storage power station 

A new sort of large-scale energy storage plant is the abandoned mine gravity energy storage power station. It features a simple 
concept, a low technical threshold, good reliability, efficiency, and a huge capacity [27]. The abandoned mine gravity energy storage 
power station lifts the weight through a specific transportation system to drive the generator set to meet the purpose of mutual 
conversion of gravitational potential energy and electric energy [28] （Fig. 2）.Gravity energy storage in abandoned mines works on 

Fig. 2. Working principle diagram of suspended gravity energy storage.  
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the same principles as pumped storage power stations. Several issues should be considered during the construction process, including 
the above-ground plant’s construction area and the number of gravity blocks, the installed capacity of the power station and the 
underground utilization space, the quality of the storage block, and the rail transportation’s bearing capacity. 

2.3. Intelligent microgrid system of abandoned mine based on gravity energy storage power station 

A model of intelligent microgrid system in abandoned mines (Fig. 3) is presented to realize the new energy storage use of aban-
doned mines and the development of intelligent microgrid system in mining areas, in order to fulfill the goal of multi-energy com-
plementary transformation [29].Fig. 4 depicts the essential design contents and characteristics. Abandoned mines offer a lot of space 
resources, and surface subsidence areas, industrial plants, coal bunkers, and other things have a lot of potential for transformation 
[30]. The key parameters of the intelligent microgrid system in abandoned mines mainly involve the construction and operation design 
of gravity energy storage power station, photovoltaic power station and wind power station, including the site selection, installed 
capacity, coordinated operation and operation monitoring of the three power stations. Among them, the gravity energy storage power 
station is the coordination center of the entire microgrid. It consumes the electric energy generated by the photovoltaic power station 
and the wind power station, and uses the difference between day and night electricity prices to generate surplus electric energy, which 
is in parallel with the power grid to provide production and living electricity. Photovoltaic power station and wind power station 
provide production electricity for gravity energy storage power station, and consume their own energy. They are used to construct 
gravity energy storage power plants, solar power plants, and wind power plants. In existing mines, solid gravity blocks are manu-
factured by combining coal gangue carried from coal mining, other metal solid wastes, and concrete. Using the ground workshop and 
the generator set as the well storage system, the gravity block is placed in the ground workshop. Using the ground workshop and the 
generator set as the well storage system, the gravity block is placed in the ground workshop. The abandoned coal mine’s underground 
goaf and highway chamber have a wide space and a stable structure. To build the subterranean storage system, the track transportation 
system is installed in the subsurface space. The special track is installed in the abandoned mine’s main and auxiliary shafts, and is 
supplemented by an intelligent monitoring and control system to form a reliable transportation system, allowing the gravity block to be 
lowered or lifted, and cooperating with the circulating track transportation on the well and the underground monorail crane trans-
portation to allow for circulating transportation on the well and underground. 

3. Systematic economic assessment models 

Economic analysis is a critical component of determining the viabilityof the abandoned mine smart microgrid system.The potential 

Fig. 3. Abandoned mine smart microgrid system model.  
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utilization value of the abandoned mine smart microgrid system can be fully explored by incorporating gravity energy storage, wind 
power generation, and photovoltaic power generation into an overall economic calculation model, providing a theoretical basis for 
project development decisions. 

3.1. Smart microgrid economic assessment model 

The smart microgrid’s overall economic benefits include the overall benefits of each power station as well as the carbon reduction 
benefits, with the total benefits of each power station computed as follows（1）: 

Ci =
(
Cruni-Ccapi-Cmaci

)
(1)  

where Ci is the total economic benefit of different types of power stations, Yuan; Cruni is the operating efficiency of different types of 
power stations, Yuan; Ccapi is the construction cost of different types of power stations, Yuan; Cmaci is the maintenance cost of different 
types of power stations, Yuan. 

The resulting carbon reduction benefits are as follows (2): 

Cci =
∑Ti

t=1

∑M

k=1
CkrkPi(t) + Cc

Pi(t)
ε (2)  

where ,Cci is the carbon reduction benefit of smart microgrid, Yuan; Ti is the power generation operation time of each power station,h; 
Pi(t) is the installed capacity of each system，kwh; M is the type of carbon emission; Ck is the unit price of different types of carbon 
emission treatment，Yuan/m3; rk is the carbon emission of equivalent thermal power station,m3; Cc is the unit price of standard coal, 
Yuan/t; and ε is the coefficient of one ton of coal generation,kwh/t。 

3.2. Gravity energy storage 

The gravity energy storage plant construction cost is divided into the manufacturing of gravity blocks, the construction of an above- 
ground storage center and transport system, the construction of an underground storage center and transport system, the construction 
of a shaft transport system, and the purchase of equipment. The operation cost is separated into two parts: energy storage and 
operation management. 

Construction cost model for a gravity storage plant in an abandoned mine as follows (3)： 

Ccap =
(
CgbVgb +CgpAgp +Corblorb +Cgen

)
(3)  

where ,Ccap is the total construction cost of the gravity storage plant, yuan; Cgb is the unit cost of manufacturing gravity blocks, yuan/ 
m3; Vgb is the volume of gravity blocks, m3; Cgp is the unit cost of construction of the above-ground plant, yuan/m2; Agb is the floor space 
of the above-ground plant, m2; Corb is the construction cost of a single track, yuan/m; lorb is the length of a single track,m; Cgen is the 
purchase cost of the generator set, yuan. 

The total operating benefit model for an abandoned mine gravity storage plant is expressed as follows (4)、 (5): 

Crun =Cge-Cst (4)  

⎧
⎪⎨

⎪⎩

Cge= 9.81Ct1n1ρgbVgb1H1T2η1

Cst = Ct2
9.81n1ρgbVgb1H2T3

η2

(5)  

where, Crun is the total operating benefit of the gravity storage power plant, Yuan; Cge is the total generation benefit of the gravity 
storage power plant, Yuan; Ct1 is the electricity price for integration into the grid at the moment of generation, Yuan/kwh; ρgb is the 

Fig. 4. Key parameters of the smart microgrid system in abandoned mine.  
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density of the gravity block, kg/m3; H1 is the drop height of the gravity block, m; T2 is the generation time of the gravity storage power 
plant, h; η1 is the generation efficiency; Cst is the gravity storage is the total cost of energy storage in the power station, Ct2 is the grid 
electricity price at the time of storage, Yuan/kwh; H2 is the lifting height of the gravity block, m; T3 is the storage time, h; and η2 is the 
power transmission efficiency. 

The maintenance cost of the abandoned mine gravity storage power station is calculated as Eq. (6): 

Cmac =Cmac1

∑T

t=1
Pg(t) (6)  

where ,Cmac is the total maintenance cost of the gravity storage plant, yuan; Cmac1 is the maintenance cost parameter at time t, yuan/ 
kwh; Pg is the operating power of the gravity storage generator set, kw; T is the total operating period. 

The carbon reduction benefits generated by gravity storage power plants are calculated as follows（7） [31]: 

Ccg =
∑T2

t=1

∑M

k=1
CkrkPg(t)+Cc

Pg(t)
ε (7)  

where, Ccg is the gravimetric energy storage carbon reduction benefit, yuan。 

3.3. Model optimization for smart microgrid systems 

The overall economic benefit is an important metric to quantify the system’s feasibility based on gravity energy storage, solar 
power generation, and wind power generation supplying electricity to the abandoned mine smart microgrid system.The goal of this 
optimization is to maximize the overall operational economy while minimizing construction and operating expenses, and it provides a 
joint system model for the abandoned mine smart microgrid. 

The first objective function is to maximize the economic efficiency function as follows (8) 

Ct =max
∑Ti

t=1
t
(
Cg +Cw +Cp

)
+ Cci (8) 

The minimum construction operational cost function is the second objective function as follows (9) 

Fr(t)=min {Ccapi +
∑Ti

t=1
tCmaci +Cst

}

(9)  

where ,Ct is the overall economic benefit of smart microgrid, Yuan; Cg is the economic benefit generated by gravity energy storage per 
year, Yuan/year; Cw is the economic benefit generated by wind power per year, Yuan/year; Cp is the economic benefit generated by 
photovoltaic power per year, Yuan/year; t is the operating life, years; Fr(t) is the overall construction and operation cost, Yuan. 

3.4. Analysis of key model factors 

The abandoned mine smart microgrid system is influenced by two major factors: first, the underground space of the abandoned 
mine has a significant impact on the installed capacity, which directly affects the size of the system’s energy storage capacity; second, 
the depth of energy storage in the abandoned mine has a greater impact on the overall system’s power generation efficiency and the 
determination of the working time.As a result, this article examines the overall economic optimization model’s rationality in terms of 
the number of gravity blocks and the depth of energy storage in the abandoned mine. 

Table 1 
Summary of model calculation parameters.   

Projects Unit price 

Gravity storage power plants Gravity Block Construction Costs 365 Yuan/m3 

Above-ground plant construction costs 750-1000 Yuan/m2 

Rail transport construction costs 670 Yuan/m 
Generator set acquisition costs 1.0 Yuan/w 
Maintenance costs for gravity storage plants 0.07 Yuan/kwh 

Wind power plants Wind power plant construction costs 4.5 billion 
Wind power plant maintenance costs 0.11 Yuan/MW 

Photovoltaic power plants Photovoltaic power plant construction costs 6750 million 
PV power plant maintenance costs 0.05 Yuan/MW 

Electricity prices Low Valley 0.32 Yuan/kwh 
Flat Valley 0.52 Yuan/kwh 

Cost of carbon emissions Carbon monoxide 493.03 Yuan/kwh 
Carbon dioxide 152,040 Yuan/kwh  

Q. Yang et al.                                                                                                                                                                                                           
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(1) Impact of underground space capacity on overall economic efficiency 

The installed capacity is determined by the available underground space capacity.Under the assumption that the installed capacity 
of photovoltaic and wind power plants is fixed at 65 MW and 50 MW, respectively, and that the complete power generation time is 10 h 
per day, the following table is used to generate and analyze this model [32]. 

The economic benefits were computed using the calculation model based on the above parameters (Table 1), and the results are 
displayed in Fig. 5 below.When the installed capacity of the photovoltaic and wind power plants, as well as the depth of the mine, are 
known, the overall economic function tends to be linear.The economic benefits are negative when the capacity is 0–20,000 m3, but as 
the capacity of the underground space increases, the installed capacity gradually increases, the construction and operation costs rise 
slightly, but the overall economic benefits continue to increase as the system’s electricity generation increases.As a result, the more the 
underground space’s capacity, the greater the total benefits of the smart microgrid system.  

(2) The impact of the depth of energy storage on the overall economic benefits 

This calculation is based on the actual conditions of the experimental mine, which has a gravity block size of 2m2m2m, a gravity 
block quantity of 9,000, an underground available space of 72,000m3, a gravity energy storage power station installed capacity of 65 
MW, a fixed installed capacity of 60 MW and 50 MW for the photovoltaic power station and wind power station, and a full power 
generation time of 10h per day.The remaining parameters are the same as in the previous calculation, and by adjusting the mine The 
energy storage depth is computed so that a graph showing the link between energy storage depth and economic benefits is obtained 
(Fig. 6). As the depth of energy storage increases, its overall economic benefit increases linearly while its construction and operation 
costs increaseslowly.The graph shows that when the critical energy storage depth is 450 m, the overall economic benefit is negative 
when the storage depth is less than 450 m and positive when the storage depth is greater than 450 m (see Fig. 7). 

Based on the analysis of the above two instability factors, it is possible to conclude that the overall economic benefits of the system 
are positive when the capacity of the underground space exceeds 20000 m3 and the depth of energy storage exceeds 450 m, and the 
economic benefits increase approximately linearly as the number of gravity blocks and the depth of energy storage increase. 

4. Design solutions for gravity energy storage in abandoned mines 

4.1. Determination of installed capacity 

An abandoned mine’s subterranean space is made up of the mining area, shaft, and highway chambers [33], which is useful for 
calculating the installed capacity of an abandoned mine gravity energy storage power plant.The design of the underground 
double-cycle track was adopted based on the hydrogeological conditions of the abandoned mine, as well as the complex underground 
environment, and taking into account the way the gravity storage power station works underground, with concrete cubes used for the 
solid weights, the main shaft and the wind shaft transformed into gravity storage power station energy storage shafts, and the Fuk shaft 
transformed into gravity storage power station energy storage shafts [31].The physical energy storage principle can be used to 
calculate the installed capacity of the gravity energy storage plant, taking into account the stability of the mine’s underground space 
and the specifications of the underground tunnel: 

P=
αρgHV

T
(10) 

Fig. 5. Relationship between gravity block and economic benefits.  
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where, P is the installed capacity of the gravity storage generator set; α is the integrated efficiency of the generator set, taken as 90 %; ρ 
is the concrete gravity block density，kg/m3; g is the acceleration of gravity, taken as 9.81 g/s2;H is the depth of the main shaft of the 
abandoned mine, m; V is the volume of the gravity block, m3;T is the water transfer time, h. 

4.2. Above-ground plant layout 

The design of the abandoned mine gravity storage power station includes an above-ground plant configuration. The design of the 
above-ground plant primarily consists of the above-ground storage center and the generator room, with the above-ground storage 
center taking into account the following issues: (1) the number of gravity blocks and plant area size determination; (2) the balance 
between the quality of gravity blocks and the above-ground and underground load-bearing capacity; and (3) the design of the transport 
system between the above-ground plant and the energizing system. 

The above-ground storage center uses a top-suspended storage method to facilitate continuous transportation up and down the 
mine, and the above-ground plant layout takes into account the large size of the gravity blocks, and to ensure safe operation, the 
gravity blocks should be suspended more than 1 m apart to prevent accidents due to the fast running speed of the track and the swaying 
of the gravity blocks; to ensure the convenience of the gravity blocks.To ensure that the gravity block in the track runs smoothly, 
connected two parallel tracks should be more than 2 m apart; gravity block suspension height in the ground plant should not be too 
high, to prevent heavy objects from falling off. The generator room is designed to be as close to the storage center and the energy 
storage shaft as possible while requiring the least amount of installation work. 

Fig. 6. Relationship between burial depth and economic benefits.  

Fig. 7. Above-ground plant design scheme schematic.  
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4.3. Underground storage and transport system design 

The underground storage and transportation system’s design ensures that the gravity storage power station in the abandoned mine 
can generate electricity in a cyclic fashion, and it necessitates the full utilization of the subterranean highway area.A two-way monorail 
crane for the underground is proposed based on the dimensions of the subterranean tunnel group in the abandoned mine and the 
underground geological conditions. The two-way monorail crane must not have a gap between the crane and the roadway’s roof, the 
hanging anchors are exposed by 100–150 mm, and steel rails with a spacing of more than 2 m are erected in the middle, the gravity 
block is suspended in the roadway by a lifting beam, and the gravity block is made to run at a uniform speed on the track by a driving 
device. The two-way monorail crane’s design length is determined by the amount of space available in the shaft (See Fig. 8). 

5. Case study 

5.1. Overview of the mine site 

The Huainan Mining Group’s Pan Yidong Coal Mine is located in Panji District, Huainan City, Anhui Province, about 23 km from 
the center of Huainan, with the Huai River to the south and convenient transit. The climate is warm temperate monsoon, with 937 mm 
of annual rainfall, 2279.2h of yearly sunshine, and an average annual wind speed of 2.78 m/s. The mine offers excellent conditions for 
photovoltaic and wind power generation, and it is close to the Pingxu power plant, which has excellent grid connectivity. The design is 
centered on the development and utilization of the highway group surrounding Pan Yidong Mine’s main shaft, secondary shaft, and 
central wind shaft (Table 2), which has a total possible roadway length of 13939.87 m. 

5.2. Design parameters of the abandoned mine smart microgrid system 

According to the characteristics of the tunnel group around the main shaft of Pan Yidong Mine, the first planned number of gravity 
blocks is 9000 blocks, with its ground layout formed as 100 blocks east-west and 90 blocks north-south.The ground plant is 
360m360m5m in size based on the preceding ground plant layout ideas.The Pan Yidong Mine’s main shaft is 871 m deep, and the 
gravity storage power station’s total installed capacity is calculated to be 65 MW.The location of the gravity storage power station 
generator set is intended to be 30 m × 30 m × 5 m of open area. The total design length of the two-way monorail crane is 27,000 m, 
with two tracks in one lane, the required lane length is approximately 13,500 m, which primarily consists of the main shaft2# general 
joint lane, track lane and − 848 m west wing of the track lane, 1# return air lane, 2# return air lane, return air lane and the west two13- 
1 pan area track lane, bottom plate return air joint lane, etc. The two-way monorail crane is set up. 

5.3. Analysis of economic benefits 

Based on the above design parameters and calculated parameters, we can obtain: the manufacturing cost of the gravity block is 
approximately RMB16.56 million; the design and manufacturing cost of the above-ground plant is approximately RMB129.6 million; a 
total of 54,000 m of track is used for the above-ground plant and the underground monorail crane, with a total cost of RMB36 million; a 
65 MW generator is used for the generator set, with a total cost of RMB36million; In summary, the overall cost of building the gravity 
storage power station for the abandoned mine at Pan Yidong Mine is RMB 248 million. 

The plan introduced limit of the Dish PanYidong Mine gravity stockpiling power station is 65 MW, considering the genuine pro-
ductivity loss of the generator set, determined at 80 % of the real proficiency, the day to day power age is around about 6 h, and the 
gravity stockpiling power station can generate1.14 × 108kwh a year [34]; The configuration introduced limit of the Huainan PV power 
station is 150 MW, the genuine productivity is 75 %, the normal yearly daylight hours is 2272 h, which could provide2.56 × 108 kwh; 
Heihe at any point wind ranch has an introduced limit of 50 MW, with a genuine proficiency of 70 % and a normal yearly viable season 
of 3650 h, it can generate1.28 × 108 kwh per year; the activity cost of the Skillet PanYidong mine gravity stockpiling power station is 
determined at 13 h of the day, and the yearly utilization is 2.61 × 108 kwh; inoutline it can generate 2.37 × 108 kwh of all out power, in 
light of the modern power cost in Anhui Territory, for instance, the all out yearly monetary return is 285 million yuan. The 65 MW 

Fig. 8. Single track layout of part of the underground roadway.  
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installed capacity generates approximately 49.275 million kilowatt-hours per year, resulting in a 78.9 thousand t reduction in standard 
coal consumption and a 204.9 thousand t reduction in carbon dioxide emissions. If the price of anthracite coal in 2022 is 1842 RMB per 
t, which is1842RMB/t，the annual cost of coal cost can be reduced by RMB 145 million. 

5.4. Social social advantages 

The abandoned mine smart microgrid system meets the coal industry’s urgent need for the reuse of abandoned mine resources, and 
provides new ideas for the consumption of new energy, technology development, and the transformation and upgrading of abandoned 
coal mines by adapting to national demand for the development of new energy storage technology. Simultaneously, during the 
building and operation of the total system, a big number of unemployed coal miners will be able to change jobs, so resolving the re- 
employment problem. The development of a smart micro-grid system for abandoned mines efficiently encourages the rehabilitation of 
the ecological environment surrounding the mines and strengthens the development of ecological civilisation. 

In the construction process of the gravity energy storage power station, the land resources left over from the abandoned mine are 
greatly utilized, such as the construction of industrial workshops, the layout of the system location of the coordinated transportation 
above and below the well, etc., which can be transformed by using the land and buildings left over from the mine, so as to avoid the 
waste of land resources after the mine is abandoned. At the same time, compared with the traditional thermal power plant, the gravity 
energy storage power station uses the gravitational potential energy to generate electricity, which almost does not produce toxic and 
harmful gases and dust pollution, and promotes the restoration of the mining environment. 

6. Suggestions for the construction of smart microgrids in abandoned mines 

The smart micro-grid system using abandoned mines to build gravity energy storage power stations is technically and economically 
feasible, but it must still consider the core technical difficulties of system construction, policy support for urban power grids, and 
coordinated development of mining area ecology to promote the joint progress of abandoned mine resource reuse and energy storage 
technology, and propose the following corresponding methods. 

6.1. Overcoming core technical problems and optimizing the construction of smart microgrid systems in abandoned mines 

During the construction of the abandoned mine smart microgrid system, the following core issues must be addressed: 1) the 
identification and design of the available space above and below the abandoned mine; 2) the transport regulation and intelligent 
control technology of “abandoned mine gravity energy storage”; 3) the design, manufacture, and installation of the “abandoned mine 
gravity energy storage” cycle transport track and generator set; and 4) the key theory and technology.Provide policy support to hasten 
the transformation of resource-based cities. 

6.2. Promote policy support to accelerate the transformation of resource-based cities 

The reuse of abandoned mine materials is the final link in a mine’s “full life cycle. It is recommended that corresponding policies for 
abandoned mines be implemented, in conjunction with the development of new energy storage technologies, in order to accelerate the 
development of abandoned mine resources, strengthen cooperation with government, enterprises, universities, and other departments, 
investigate new energy storage technologies that combine abandoned mines with renewable energy, build demonstration projects, and 
promote the transformation of resource-based cities. 

6.3. Coordinating mining resources and accelerating ecological restoration 

Creating a smart microgrid system for abandoned mines requires knowledge of the surrounding light, wind, and space resources, as 
well as how to coordinate those resources to achieve maximum resource utilization.As a result, it is recommended that the government 
take the lead and that enterprises, universities, and research institutions work together to promote research on the reuse of abandoned 
mine resources, explore new energy storage technologies with abandoned mines as the mainstay, and carry out simultaneous 

Table 2 
Parameters of some underground tunnels in Pan Yidong Mine.  

Alleyways Length of alleyway/m Lane width/m 

West II 13-1 Track Lane 550.03 5.6 
− 842 m West Wing 1# Return Air Lane 367.91 5 
− 842 m East Wing 1#Return wind tunnel 586.60 5 
West two 13-1 pan area bottom return wind joint alley 122.44 5.06 
West two 11-2 mining area trackway 1458.54 5.2 
− 842 m West wing 2# return wind tunnel 1898.9 5.14 
− 848 m West Wing Main Tape Machine Alley 3321.79 4.95 
− 848 m East Wing Track Lane 348.55 4.87 
West II 11-2 mining area 2# general joint road 126.74 5.14  
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restoration of the ecological environment of mining areas in order to promote the implementation of the new national energy security 
strategy. 

7. Conclusion  

(1) In a comprehensive analysis of energy storage technology solutions, construction feasibility, social and economic benefits, etc., 
as a response to the problem of a large number of remaining closed or abandoned mines and the increasing proportion of new 
energy in China, The purpose of the abandoned mine smart microgrid system is to use the gravity storage power station as its 
foundation, consume new energy, encourage the reuse of resources from abandoned mines, and carry out research into new 
energy storage technology.It also aims to fully address the legacy of abandoned mines and encourage the growth of the coal 
industry throughout its entire life cycle.  

(2) The overall economic calculation model of the abandoned mine smart microgrid is designed, and it is concluded that the larger 
the available underground space and the deeper the energy storage depth of the mine, the greater the overall economic benefits.  

(3) Based on the key specifications of the Pan Yidong Mine, the overall system design scheme is introduced, beginning with the 
design of the installed capacity and progressing to the design of the above-ground plant and the design of the underground rail 
transportation, highlighting the advantages of the smart microgrid system for abandoned mines over pumped storage power 
stations, analyzing the economic benefits and key issues to be studied later, The results show that Panyi East Mine has good 
construction conditions and the feasibility of building a smart microgrid system for abandoned mines. 
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