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Abstract

In this paper, we conduct research on the low carbon evolution mechanism of the coal
enterprises based on genetic algorithm and game analysis. Presently, internationally the
industrial security development presents colony, fusion and ecology three general trends,
the low-carbon development became the global countries mutual recognition. Traditional
industry cluster is a complicated network which is gradually formed by a large number of
subjects in the repeated game, through constant imitation, learning and choosing the best
choice, in search of the strategy of maximum survival probability. The emergence and
selection of low-carbon strategy is the main body of the cluster in low-carbon evolution of
the game, through continuous imitation, as learning and try to choose the best selection
process. Under this basis, this paper proposes the low carbon evolution mechanism to
help determine the further development trend of the enterprise. The genetic algorithm and
game analysis are jointed to optimize the model.
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1. Introduction

Low carbon economy is referring to under the guide of the sustainable development,
through technical innovation, system innovation, industrial transformation, new energy
development and some other means, as far as possible to reduce the high carbon energy
consumption with a form of the economic development to achieve economic and social
development and ecological environmental protection win-win. The traditional extensive
mining coal enterprises in resource utilization are low and serious resource waste. Coal
enterprises mostly for high energy consumption, heavy pollution as technical equipment,
backward production technology while the resource comprehensive utilization rate is low
and at present and the causes of the coal enterprise resource comprehensive utilization are
low with the following points.

o A large number of associated, Symbiotic Resources and low utilization of waste.

o Coal mining waste of resources in the process of serious. Enterprises to give up thin
coal seam and the mining more difficult coal resources, there are some enterprises to
adopt a full-mining approach, only mining the middle layer, to abandon the top and
bottom of coal mining, there are some companies mining methods backward.

o After the washing of coal mining is relatively low. Although in the recent years,
domestic coal washing processing technology has made great progress, while
compared with the United States, Russia and other coal producing countries there is a
large gap between the rates of washing.
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China has more coal production enterprises the average production capacity of small,
the coal industry is the highest degree of the market-oriented, one of the most competitive
industries. In the recent two years, China has increased the regulation of coal production,
through the customs, stop, and turn, to a certain extent, the production of small coal mines
poor condition of the phenomenon has been improved, but this is a long process, and not a
short period of time to be a fundamental solution. For coal product, it is the core of the
modern technology of clean coal production technology, in today's society is not only to
the requirement of coal come from the underground coal mining to the social needs, the
number of requirements and provide to improve efficiency that is beneficial to reducing
emissions of coal or any processed products thereof.

To achieve the requirements of the basic way is to change the production process of
coal enterprises, namely the raw coal mining to the user use route as change for raw coal
mining to processing quality or conversion to final users using a new technique route. In
the following figure one, we demonstrate the related features.
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Figure 1. The Current Condition of the Carbon Evolution Mechanism

In this research paper, to deal with the mentioned challenges, we conduct analysis on
the low carbon evolution mechanism of the coal enterprises based on genetic algorithm
and game analysis. In the later sections, we will discuss in detail.

2. The Theoretical Framework of the Proposed Methodology

2.1. The Revised Genetic Algorithm

The genetic algorithm, proposed in 1975 by the Professor Holland that is the random
optimization algorithm of a natural selection and heredity mechanism of simulation nature
species community, simulates in the project with the evolutionary process of chromosome
survival of the fittest the solution process of issue. The genetic algorithm is the simulation
nature organic evolution process and kind of basic self-organization and auto-adapted of
the artificial intelligence technology mechanism solution minimum problem, and its basic
philosophy is one algorithm of the process search optimal solution the simulation nature
heredity mechanism and organic evolution discussed to form that had the solid biological
foundation; It provides from the simulation of intelligent generation process viewpoint to
biomass energy which has the bright cognition study significance; It suits not having the
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expression or has any class function of expression and has achievable parallel computing
behavior; It can solve any type actual problem that has the widespread application value.
Although genetic algorithm has been widely used in the many optimization problems,
compared with the application of genetic algorithm theory itself, it has a lot of space. At
present, genetic algorithm entered the great development time, the fundamental research
or the applied research is very active domains. Especially basic research of the genetic
algorithm in the general application is to appear especially noticeably. Not only expands
in the applied field unceasingly, but also is carrying on the ability in optimized and rule
learning considerably is also enhanced. A simple genetic algorithm consists of four parts:
coding mechanism, fitness function, genetic operator, control parameter, etc. Simple
genetic algorithm is basic encoded by 0 and 1, and 0 and 1 are called genes, which are
composed of binary strings and that binary strings. The chromosomes and chromosomes
correspond to the solution of the optimization problem, and the transformation of gene
space and solution space is realized by coding and decoding process and the evaluation
criterion of the survival of the fittest in the genetic algorithm is expressed by the fitness
function through the fitness function that we can determine the quality of the solution, to
determine the merits of chromosomes. In the Figure two, we show the procedure.

Initial strings Crossover Mask Offspring

Single-point crossover:

11101001000 11101010101

: 11111000000 :
00001010101 00001001000

Two-point crossover:

11101001000 11001011000

: 00111110000 :
oooo1010101 00101000101

Uniform crossover:

11101001000 10001000100

- == 10011010011

00001010101 ; : 01101011001
Paint nritation: 11101001000 = 11101011000

Figure 2. The Inner Procedures of the GA Algorithm

Sums up to see that at present people's improvement to the genetic algorithm mainly
focuses in the following several aspects: The code expressed that the fitness functions and
the choice strategy, the controlled variable, the genetic operator, population and algorithm
fusion which can be organized as the following aspects.

+ Control parameters. The choice of controlled variable in the design of the genetic
algorithm is a very subtle link. The simple genetic algorithm uses the parameter
experiential design method, while the designer often must give dual attention to
measure various factors, and therefore it has very big blindness.

+ Genetic operator. Crossover operator has the effect of a wide range of the search,
mutation operator, have the effect of local search and jump out of local minima.
For how to balance the coordination of the relationship between them, both at the
home and abroad scholars invest a lot of energy in study of genetic operators and
according to the actual problem to create all kinds of new operator.

+ Hybrid algorithm. Because the genetic algorithm has wide applicability as easy to
mutual penetration with other intelligent optimization algorithm and that mutual
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complement each other between the algorithms of hybrid algorithm can gain an
unexpected effect.

For the systematic optimization of the algorithm, we should consider the listed aspects.
The real coding mechanism is adopted, which directly encodes the solution space of the
optimization problem, which not only eliminates the encoding and the decoding process
between the gene space and the core solution space, but also improves the accuracy of the
solution and reduces the calculation amount of the optimization process. The related basic
transformation and analysis can be reached as the listed formulas.

a*=a+(B-a)xw (1)

= B+(-a)x(1-w) @)

Where the parameters of the (a, ,B) represents the chromosome, the NC spin forming of

genetic algorithm generally includes the community scale, the convergence criteria, the
hybrid probability and mutation probability. The NC spin forming relates to the genetic
algorithm the precision, reliability and computing time and other factors, and affects the
result quality and system performance. Therefore, the research of NC spin forming in the
genetic algorithm is important. Genetic algorithm as an optimization algorithm, although
its robustness is good, but sometimes encountered multi-peak function, and sometimes
inevitably converges to the local optimal value, rather than the global optimal value of the
existence of these two reasons while often in the selection process, a loss of the valuable
chromosomal information occurs. Under this condition, the basic parameters can be then
updated as the following formula 3~4.

a*|=ax(1-wx(1-gen/ max gen) x 2) (3)

f*|= Bx(1—wx(1-gen/ max gen)x2) (4)

With this essential updating, the GA can be equipped with the listed features. (1) The
genetic algorithm uses probability search information, the application is more flexible and
the operation is simple and reliable. (2) Genetic algorithm with the code of the decision
variable as operating object that is concisely direct. (3) The genetic algorithm does not
require derivatives or other auxiliary knowledge, and that only affect the direction of the
search function and the fitness function, the amount of information required to solve the
problem of the less. (4) Genetic algorithm directly to the objective function value as the
search information has the wide applicability.

Besides the parameter optimization, we also adopt the structure optimization. Improved
genetic algorithm as a kind of that uncertain quasi natural algorithm, the optimization for
the complex system provides a new way, and through the practice has proved effective.
Although the improved genetic algorithm has extensive application value in many areas,
while it still has some problems. In the following formula, we express the feature.

\Y

updated

=Voriginal + 77( Xbest - Xoriginal ) (5)

The PSO algorithm has and genetic algorithm certain similar characteristics, therefore
Jim Kennedy also call a kind of EA. The most major characteristics of this algorithm had
demonstrated to the function optimization high efficiency, according to the understanding
of this article author was because it has profited from some ideas of gradient optimization.
The universality of GA application determines its importance, and its wide range of the
improvement space also illustrates the feasibility of the research on its basic improvement
strategy. In the face of the rapid update, context plays a genetic algorithm, throughout the
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theory of genetic algorithm research situation of development and improvement measures,
we found that the high parallelism of genetic algorithm, wide adaptation and strong robust
characteristics that make it special for traditional search algorithm to solve complex areas.

2.2. Game Analysis Principles and Theoretical Features

Mine green production and green mining technology from the angle of the generalized
resources to recognize and treat the coal, gas, water, etc. all can take advantage of various
resources, the starting point is to prevent or reduce the exploitation of the coal and other
resources to the environment as much as possible negative effects, the goal is to get the
best economic benefits and social benefits, we respectively from the potter five model
five aspects to analyze current situation of the development of industry as follows.

+ Supplier bargaining power. Because the country speeds up regarding adjustment
of the energy sources structure step, the non-fossil energy source proportion will
increase, the demand of coal transport will be greatly affected.

+ Existing competition among the enterprises. Because of the depressed coal market
price war continually, the external situation is just a price war, industry internal
defects is the root cause.

+ Potential entrant threat. The coal industry, and the industry there is a strong
economies of scale, strict national administrative access control.

+ Substitute threat. The international energy production and expense are developing
in clean, the low-carbon direction, to deal with the energy development trend, our
country vigorously develops the new energy and renewable energy, the coal is
facing the huge substituted threat.

+« The buyer's bargaining power. Coal product homogeneity serious, China's main
coal procurement users of metallurgy and building materials market concentration
is improving and constantly getting advantages.

Assuming that the coal enterprises and the government are rational economic man,
based on this assumption, we establish a static game model between enterprises and the
government. Coal enterprises in the production, we can choose to use the green mining
technology or green mining technology, the government may choose to supervise or not
to regulate the two strategies. Also supposed before coal enterprise and government make
the decision-making, does not know that the motion of opposite party, can think their
motions simultaneously are conducted, and this countermeasure belongs to the complete
information static game, then game model between coal enterprise and government as
shown in the Table 1.

Table 1. Game Model between Coal Enterprises and Government

Government With green mining Without green mining
strategy technology technology
Supervise -p—C, D, +¢ w—-C—-H,0, -y
Non-supervise -0, 0, +¢ -H,0,

If the coal enterprises to choose the green mining technology, and the government had
better choose not regulation but corresponding to this is when the government chose not
to regulation, and coal enterprises to adopt green mining technology for optimal, to this,
the government should choose regulation, so coal enterprises have to adopt green mining
technology. So, the two sides interests always cannot reach agreement any pure strategy
combinations have a participant can be separate to change its strategy, in order to obtain
greater benefits. As a result, the game there is no automatic balance strategy combination
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which belongs to the mixed strategy problem in complete information. In the Figure 2, we
show the game analysis framework.
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Figure 3. The Game Analysis Steps Demonstration and Verification

We will now model dynamic. Assume that the government checks every coal company
only once, and that the government knows all the information that is checked before it is
checked. This kind of strategy can be regarded as a kind of complete information dynamic
game. In the numerous repeated game as we can see: due to the short-term interests of the
drive, coal companies choose not to use green mining technology for production, and the
government once aware of coal mining enterprises do not use green mining technology to
pollute the environment and hold the enterprises to check. Under this condition, we can
shift the proposed methodology based on the listed features.

Under the condition that the ®, <®, —@ —y , the coal enterprise is using the income of

green mining technology is smaller than does not use the income of the green technology
mining.

Under the condition that the @, > ®, —@—w , the coal enterprises in the use of green
mining technology with green mining income is greater than the income, and the coal
enterprises in order to obtain long-term maximum profit will stick with the green mining
technology, government regulation, government and enterprises have their own best
interests, to achieve a "win-win" situation. The game can be carried out indefinitely. In
the optimal strategy of the analysis government, supposed that the government only cares
about own payment, only when he knew the coal enterprise has not used the green mining
technology to supervise. And if before coal enterprise, that has not used the green mining
technology, causes the pollution to the environment, the government will expect that the
later coal enterprise will not have used the green mining technology to produce and then
its optimal strategy supervises. The revised interest can be formulized as the follows.

Alnterest = % (6)

(]
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3. The Principles of the Low-Carbon Evolution

The energy intensive industry chain refers to the basic energy dependence strong
industry chain. It based on the industrial internal division of administrative duties
and supply-demand relationship by carries on the mining, processing and use related
energy extensive enterprise to some natural resources, according to the production
process, through the network organization that the information and other knowledge
of the exchanges and sharing form. Energy-intensive industrial chain as a traditional
industrial chain, the degree of inter-industry and the relate depth of the processing
of resources determines the level of the low-carbon industry chain. The stronger the
industrial linkage, the closer the chain, the higher the efficiency of energy use, the
smaller the intensity of carbon emissions and the longer industry chain, indicating
that the deeper the processing of resources, the higher the added value of industrial
chain, the use of the energy per unit of output the lower the amount, the smaller the
carbon emission intensity.

Different from the traditional technology innovation in the order to obtain the
core goal of the commercial profit, low carbon technology innovation incorporates
energy saving, green, low carbon and other elements, which is the public interest of
the social mass production and life as well. The characteristics of the low carbon
technology innovation mainly include the following aspects.

e Low carbon technology innovation, its essence is the high energy efficiency
and clean energy structure, the core of which is based on the energy-saving
emission reduction technology innovation and some new energy technology
innovation, thus breaking the whole society is facing energy bottlenecks and
ecological environment, which involves The interests of the whole society of
energy consumption and interests of working and environment security.

e The low carbon economy is after the Industrial Revolution and information
revolution a brand-new industrial revolution. The low carbon economy
realizes through low-carbon innovation, the low-carbon innovation that has
expedited the development of related low-carbon industry.

e The existing industrial structure of our country needs a period of the time to
adjust to be reasonable, this is a long process. In addition, China is now in
the rapid development of new industrialization and urbanization stage, with
upgrading of consumption structure and a large number of city infrastructure
construction will still rely on traditional industries for a long period of time.

e Region low-carbon innovation is a long-term systems engineering, needs and
other interactions of essential factors to realize with the general aid of the
technology, knowledge, system, culture, service, the low-carbon innovation
needs the knowledge foundation, the systemic guarantee and the culture to
eagerly anticipate and service promotion.

Under this background, we then propose the carbon emission locking to help the
further analysis of the low-carbon evolution. In fact, the concept of "carbon lock™ is
the specific application and extension of path dependence and lock-in concept in
technology and institutional change economics to explain the change of low-carbon
technology system. Scholars believe that the current industrial economy locked in a
fossil fuel based the carbon intensive energy systems, and a sustained market failure
and policy failure, and thus hindered the spread of low carbon technology. This
paper argues that the development path of the technical system should be understood
as an evolutionary process based on path dependence and path creation, with both
emergent and the constructive non-stop. The evolution of the path of the technical
system is divided into the three stages: 1, path generation stage. Path generation and
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path creation can be divided into two paths: path development and stability. The
system of technology at different levels (technology, enterprises and institutions)
increasing returns, learning effects and network externality and a series of positive
feedback mechanism will make the final formation of the technical system path and
tend to stability; 3, path differentiation stage.

Although technical system way tends to under the function of the regeneration
mechanism gradually stably, while the development of general way will still display
emergence and construction characteristics at this time while at this stage, even if no
promotion of mover, the regeneration circulation will also solidify the development

of way. The data shown in the figure 4 proves our proposal.
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Figure 4. The Supportive Data for the Low-Carbon Evolution

4. Low Carbon Evolution Mechanism of the Coal Enterprises Finalized
Analysis and Systematic Modelling

4.1. Coal Enterprise Modeling Analysis

Promotes the CSM is coal enterprise obtains the safeguard of survival and development
in the intense market competition, according to the construction science reasonable highly
effective coal enterprise supply chain, needs to the information flow, logistics and as fund
flow to carry on the active control in the supply chains, organically combines to form the
supplier, the stock management, the manufacturing, the basic logistics transportation, the
distributor and customer a body, facilitates the coal enterprise internal resource with the
optimal allocation of external resource, to obtain more highly effective running process.
According to the coal enterprise CSM model, when carries on the supply chain simulation
modeling of coal enterprise using the computer, joins in which the logistics transportation
specially, to improve the coal enterprise supply chain.

How to optimize the scale of the coal enterprises, there is a problem here. The theory
method to determine the economic scale of accounting method and engineering method,
the survival of the fittest method etc. because the benefit from scale economy is not easy
to be perceived by people, it is not easy to be perceived by the people, so the method is
limited in practical application. Application of the basic theory and methods of analysis,
optimization of production scale can be divided into the epitaxial production scale of the
overall optimization and content-type production elements of the optimal combination of
two levels. In different production systems, the proportion of the two levels is determined
by the technical conditions of the system.

Under this basis, the core optimization function for the whole system can be organized
as the follows.

ming=Vy, st " X4 +S=0X, (7)

When the reality builds and application production function model, how to comment
the validity of activity to be important as regarding the coal enterprise, affects its scale of
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production the factor to be many, there are able the statistical index of quantification,
there are other factors of very difficult quantification, such as that geological condition
change, market and the policy factor. When determining the weights of these influencing
factors, easily by the influence of policy-maker subjective factor. How to solve the model
parameters is a very important step. The traditional regression analysis method to
calculate parameters of the production function, due to the effect of collinearity among
independent variables often makes the result a serious distortion, making the production
function of practical value has been greatly affected, it is difficult to build the largest
production function model in the process of. We suggest that the principal component
method is used to eliminate the co linearity between the independent variables, namely,
by transforming the original variables into several orthogonal factors. Therefore, we take
the formula 8 as the reference.

X optimal :(Xik _Xk)lsk (8)
Drivers of China coal power financing as a % of total project solart
value for both past & planned projects. INITIATIVE
DRIVERS OF CHINESE SUPPORT: DRIVERS OF HOST COUNTRY DEMAND:

Support of Chinese elec. industry Ability to meet local demand Key.
Likely
Project profitability Infrastructure-led development
Foreign affairs objectives Reduced dependence on fuel imports
Tied infrastructure/commadities deals Reduced electricity cost
Electricity exports to China Elec. exports to neighbors
20% 40% 60% 80% 20% 40% 60% 80%

Figure 5. The Coal Enterprise Modeling Analysis and Key Parameters

4.2. Suggestions for the Coal Enterprise Development

Based on the prior discussions and analysis, we determine that the essential issue for
dealing with the coal enterprise development is the management. First of all, we should
take the listed suggestions into consideration.

» Introduction activity-based costing and other advanced cost ideas along with
constant development of time, coal enterprise's operation and management
must with the international standard that is not only makes coal enterprise be
able momentarily to pay attention to the trend of international coal market,
can implement international most advanced coal management immediately,
carries on the effective management and monitoring to the cost management
that the coal business comes.

» Each coal enterprise must act according to own development situation, the
production characteristics and management style, that considers the limiting
factor in each aspect comprehensively, thus establishes including the
production cost management, security cost management and transportation
cost management all-around cost management systems.
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» In the cost management, enterprise managers should launch all managers,
financial personnel, accounting personnel, technicians and general front-line
production staff is actively engaged in the cost management of enterprises,
mutual inspection, mutual supervision, and constantly improve their
business quality, minimize work errors and loopholes to reduce production
costs in the work of unnecessary expenditure and waste of funds.

Besides the mentioned items, the inventory management is also essential for the
coal enterprises. In the specific operation, the inventory management methods can
be divided into traditional inventory management methods and the modern inventory
management methods. For the systematic suggestion, we recommend the ABC
methodology. In general, using ABC classification management, the coal enterprise
warehouse management personnel can not only find out the tube material storage
conditions, especially A kind of material use and consumption, improve the quality
of the materials planning and planning accuracy, the initiative and to use good
money, but also change the warehouse management personnel in the past “just for
work, just, whatever money" one-sided approach, make coal enterprise material
management from custody gradually turned to enterprising, which took to the track
of scientific management, in ensuring continuous, stable and safe production of coal
enterprises at the same time, conservation management. For the further suggestions,
we also recommend the listed methodologies.

» Corporate plan forecast and supplies strategy. CPFR is not only a concept,
but also a series of activities and processes. The technology from the overall
point of view, the development of a unified management objectives and the
implementation of the program approach to inventory management as core.

» Joint inventory management. JMI can partially eliminate the supply chain
fluctuations caused by supply chain uncertainties and demand information
distortions, and improve the supply chain synchronization.

5. Conclusions

In this literature analysis, we conduct research on the low carbon evolution mechanism
of the coal enterprises based on genetic algorithm and game analysis. Our country is at the
rapid economic growth and crucial phase of industry restructure, the development low
carbon economy not only can realize the low-carbon emission or widespread development
of the zero carbon emission, the energy high efficiently utilizing and clean energy, thus
realizes energy conservation and the emission reduction, to construct the goals of two
societies that is the transformation economic development way that takes the new-style
industrialization road to promote the modernized regulation the major force. In the paper,
we integrate the theories of the genetic algorithm and game analysis to propose the new
paradigm for the related issues that will help promote the construction of the related
industries and essentials.
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