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Abstract: In order to find the main direction of energy saving and emission reduction in coal mine areas, this
paper established a system dynamic model for energy consumption and environmental pollution produced
in coal mining process, and took a typical coal mine as the case to simulate the energy saving and emission
reduction in coal mining area. And through the analysis of simulation results found that under the premise
of economic growth of coal mine areas, in the aspect of energy conservation, saving electricity should be
the first selection, material and coal also should be took into account; in the aspect of emission reduction,
coal mine areas should increase the governance of the stive and the comprehensive utilization of solid waste,
meanwhile guarantee and further enhance the governance of waste water, SO2 and smoke dust.
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1

Introduction

Coal accounts for more than 70% of the primary energy consumption in China. Condition of “poor in oil and gas, rich
in coal” determines that coal will be the main energy for China in quite a long term. Coal-based energy consumption
structure led to low efficiency of energy use, high quantity of pollutant emissions. In the process of coal production, great
amount energy, such as coal, electricity, oil, etc, would be consumed, generating large amount “three wastes” pollutant
(waste water, waste gas, and waste residue). Coal industry has been identified as one of the nine high energy consumption
and high emission industries [1,2]. Therefore, how to effectively achieve the energy saving and emission reduction has
became a difficult problem in China in recent years.
Coal mining area is a typical complex system, in which energy consumption and pollution emissions are produced
from each link of coal mining, processing, transportation, and using, and are influenced by many factors, such as coal
production quantity, mining investment, pollution control and comprehensive utilization, so that present a complicated law
of motion. System Dynamics specializes in dealing with time-varying nonlinear feedback structure of complex systems.
Literatures [3,4,5] used system dynamics method to study the problems of coal resources development, coal industry
sustainable development, etc. Starting from the relationship among coal production quantity, energy consumption, and
environmental pollution, this paper built a coal mining energy saving system dynamics model to simulate the typical mine
area, and to analyze the impact of energy consumption and environmental pollution on coal production. Effective ways of
energy conservation and emissions reducing were proposed, with the premise of economic development.

2

System dynamics model of coal mining area energy saving and emission
reduction

System border of this paper only includes coal mining area energy consumption and environmental pollution caused by
coal mining, as in the relationship among coal mining, energy consumption and environmental pollution, so that to find
the way of energy saving. Therefore, the coal enterprises energy saving system is constituted of resource development
subsystem, energy consumption subsystem and pollution emissions subsystem. Analysis of the relationship among the
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various subsystems was conducted, and the main feedback loops of coal mining energy saving and emission reduction
system are shown Figure 1.

Figure 1: The simple causality diagram of coal mining energy saving and emission reduction system

2.1

Resource development sub-system

Main research of resource development sub-system is about the relationship between coal mining inputs and outputs, and
the proportion of total investment, coal production investment ratio and environmental protection investment. And is about
how to ensure the economy development of mining area with limited resources, energy consumption and environmental
pollution. The flow chart shown in Figure 2.

Figure 2: The flow chart of resource development sub-system

2.2

Energy consumption subsystem

Energy consumption subsystem takes into account material consumption, electricity consumption and coal consumption
which are the three major energy consumptions in coal mining area. Energy costs increases with the increased difficulty
of exploitation, resulting in mining profits decline, which would influence the investment on mining area, thus restricting
the output of raw coal. Research of three kinds of energy consumption and unit energy costs per ton of coal could help
find out which energy consumption has the biggest impact on raw coal production, so that to determine the energysaving method. The flow diagram is shown in Figure 3.
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Figure 3: The flow chart of Energy consumption subsystem

2.3

Pollutant emission subsystem

Pollutant emission subsystem focus on the quantity of waste water pollution, solid waste, SO2 , smoke dust, stive generated
and controlled, as well as the impact of environmental pollution caused by pollutants emission on coal production, so as
to seek ways of emission reduction. The flow diagram is shown in Figure 4.

Figure 4: The flow chart of Pollutant emission subsystem

3

Empirical research – simulation on a certain coal mining area energy saving
and emission reduction

We conduct simulation analysis taking a typical coal mining area as an example with the simulation time for 2011-2015
and the simulation step for 1 year. Because the statistic data isn’t fully, the historical data mainly relate to 2005-2010, the
model parameters are determined mainly through the arithmetic average method and the regression coefficient.

3.1

Model test

After passing the theoretical examination, ten main system variables, namely, raw coal quantity, total investment,
material consumption cost, electricity consumption cost, coal consumption cost, waste water quantity, solid waste quantity,
SO2 quantity, smoke dust quantity and stive quantity were selected to conduct history simulation test of the model based
on the historical data for 2005-2010 of the coal mining area. Relative errors were within 5%, which indicated that the
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model was valid and credible. Therefore, we think that the model gets through the history test, which can be representative
of the development present situation of the energy saving and emission reduction system of the coal mine area, and can
be used to predict future trends.

3.2

Simulation results analysis

1. The simulation result analysis of the raw coal production
Figure 5 shows the simulation results of the raw coal quantity and the mining area’s GDP. We can find the raw coal
production is decreasing from figure 5 (a), this is because the raw coal production is affected by the coal production fixed
assets, difficulty exploitation and the environmental pollution, and the restriction role of environmental pollution on the
coal production increase faster than the promoting effect of fixed assets.
Figure 5 (b) shows the change trend of the coal mining area’s GDP. Although the raw coal quantity is declining, but
by the impact of various market factors, the price of raw coal is increasing year by year, therefore, the coal mining area’s
GDP is increasing year by year.

(b)

(a)

Figure 5: (a) The change tendency of the raw coal quantity. (b) The change trend of the coal mining area’s GDP.
2. The simulation result analysis of energy costs
Figure 6 shows simulation results of the cost of coal consumption cost, power consumption cost, material consumption
cost and total energy costs. As energy costs are affected by raw coal quantity and energy prices, therefore, three kinds of
energy costs are rising year by year, but the increasing speed gradually slows down (Figure 6 (a)). In addition, the material
consumption costs is the highest, followed by the power consumption cost, coal consumption cost is the lowest, which is
consistent with the actual mining area, because the material consumption mainly is the steel, timbers and other materials
consumption, with increased difficulty of exploitation,in order to guarantee safety in production, steel consumption is very
large; at the same time, the power consumption also is a major part of energy costs, because of the mining coal mining in
fully mechanized, mainly in mechanical and electrical equipment; while the coal consumption is only used for the boiler
combustion, so relatively smaller.

(a)

(b)

Figure 6: (a) The simulation results of three kinds of energy costs. (b) The Simulation result of total energy costs.
3. The simulation result of pollutant quantity discharged
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Figure 7 shows the simulation results of waste water and solid waste. Because of the limited space, the figures of
SO2 , smoke dust and stive are left out. All kinds of pollutants quantity produced have dropped along with the raw coal
production declining, and with the increase of investment in environmental protection, the pollutants quantity controlled
are increasing, so all kinds of emissions growth speed is gradually decreasing. From figure 7, we can find the rising
trend of all kinds of pollutants quantity controlled is obvious from 2005 to 2010, and it is a stable trend after 2010. From
figure 7(a), waste water treatment rate is higher, SO2 and smoke dust are similar, but solid waste and stive control are
not optimistic. The solid waste pollution is mainly due to the low comprehensive utilization rate of coal gangue, the
accumulation of coal gangue tie up a lot land, and causing air pollution.

(a)

(b)

Figure 7: (a) The simulation result of waste water. (b) The simulation result of solid waste.

4

Conclusion

This paper established a system dynamics model of coal mining area energy saving and emission reduction, and conducted
analogue simulation taking a certain coal mining area as an example. The research indicated that there is a close relationship between energy consumption, environmental pollution and raw coal quantity. Coal production increased directly led
to the energy consumption and environmental pollution increased, also environmental pollution increased will restrict coal
production. Therefore, in order to guarantee mining area sustained economic growth must reduce the energy consumption
and pollution emission.
In several main energy consumption of coal mining area, material consumption costs is the highest, followed by the
power consumption cost, coal consumption cost is the lowest. In terms of energy conservation, coal mining areas should
focus on reducing power consumption, and takes into account the material consumption; also coal consumption should not
be ignored. Although material consumptions cost is the highest, steel and other materials consumption are indispensable
with increased difficulty of exploitation, and to ensure safety in production, of course, the materials should be recycled
and reused. The power consumption is the second part of energy consumption cost, its energy saving potential is the most.
Although the proportion of coal consumption cost in the total energy consumption cost is small, the absolute number
of coal consumption cost is not a small number. Thus, coal consumption should not be ignored. In terms of emission
reduction, coal mine areas should increase the governance of the stive and the comprehensive utilization of solid waste,
meanwhile guarantee and further enhance the governance of waste water, SO2 and smoke dust.
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