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Abstract: According to the China energy consumption situation between 2005to 2014 years, in 

accordance with the present conditions and the energy security strategy, the Shannon Wiener index of 

biodiversity research method and the Pielou evenness index of energy consumption in China has benn 

adopted., Research methods are employed to improve the diversity and balance of energy consumption, 

improve energy consumption safety, improve the security of energy use. 
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1 INTRODUCTION 

Traditional energy security refers to the availability of affordable prices to obtain adequate energy 
supply. As an important aspect of energy security, energy supply security and energy consumption 
security is particularly important. China's energy security situation is not optimistic, largely due to 
irrational energy consumption structure. Due to the influence of national conditions,  energy security 
have been understanded differently  in different countries. Foreign scholars on the issue of energy 
security is mainly aimed at the actual situation of the country, focusing on the protection of national 
security and the overall interests of the country. Domestic scholars focus on the research of energy 
supply security, and pay less attention to the rational use and sustainable development of energy, 
especially on the diversity of own energy consumption. Based on the study of domestic energy 
consumption, it will be analyzed the causes of the current energy consumption structure in this 
paper,which puts forward the methods and measures to improve the diversity of energy consumption, 
improve the safety of energy consumption, and ensure energy security. It is significent to evaluate the 
energy diversity and equilibrium degree of energy consumption in China in the past ten years 
(2005-2014). 
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2 RESEARCH METHODOLOGY 

The diversity index is used to describe the diversity of a community collectively measuring the 
ecology found in the beginning, it was used to describe the ecosystem biodiversity, distribution in 
economics can also be used to describe the area of economic activity. Diversity index is used to reflect 
species richness and equilibrium index. In the energy field, it mainly reflects the abundance of energy 
and the degree of energy balance.The Shannon Wiener index in terms of energy is often applied in the 
calculation and analysis of Chinese in recent ten years, the energy consumption diversity level, and 
Pielou evenness index, the level of understanding of energy security. 

2.1 Shannon Wiener index 

Step 1:p for a specific object system R, the number of E per individual, thus determining the total 
amount of the system P; 

P = −�𝑒𝑒𝑖𝑖

𝑅𝑅

𝑖𝑖=1

 

Step 2: calculate the relative contribution of each individual to the consumer system Pi; 

Pi =  
𝑒𝑒𝑖𝑖
𝑃𝑃

 

Step 3: the diversity index is the weighted geometric mean of each individual contribution (the 
higher the value, the higher the level of diversity). 

D = −�𝑝𝑝𝑖𝑖

𝑅𝑅

𝑖𝑖=1

× 𝑙𝑙𝑙𝑙𝑝𝑝𝑖𝑖 

Shannon Wiener index can be used to determine the diversity of energy consumption, the energy 
consumption value depends on the type of input and uniformity. A system with only one energy 
consumption, its diversity is 0 (the smallest possible value). When the system has at least one energy 
consumption, and each energy consumption is uniform or equal, the diversity index reaches the 
maximum. 

2.2 Pielou equilibrium index 
The degree of equilibrium is used to describe the relative richness or proportion of individuals in 

the system. The Pielou equilibrium is usually expressed in terms of E: 
𝐸𝐸 = 𝐷𝐷 𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚⁄  

Among them: D is the actual observed diversity index, Dmax is the maximum diversity index (i.e., 
the diversity index of the maximum equilibrium), Dmax=lnR (R) is the total number of entities in the 
system. Equilibrium is the index of energy consumption. It is usually expressed by the actual diversity 
index and the comparison value of the maximum value. 

3 research on energy consumption in China in recent ten years 
In 1990s, China's economic society entered the stage of sustained and rapid development, but the 

rapid development of the environment caused a series of social problems: energy consumption, 
extensive economic development mode of high input, high consumption, low output. This pattern 
continues until now. At present, Coal, oil, natural gas, electricity and nuclear energy are the major 
consumption energy sources in China. Taking heavy industry as the leading factor is the main industry 
development mode of our country since twenty-first Century . As China's coal reserves are abundant, 
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the coal resources are being exploited rapidly, which is the main energy source of our country. Oil, 
natural gas and other energy sources also occupy second of China's energy consumption. Wind power, 
hydropower and nuclear energy have a lower proportion of energy consumption in China, and these 
clean energy development potentials are much larger than those of coal, oil and natural gas. 

So far, there is still a big gap between China's energy consumption structure dominated by coal and 
the energy consumption structure dominated by oil in the world. However, from the overall 
development trend, China's energy consumption structure is consistent with the world's energy 
consumption structure. As China's new energy and clean energy, coal and oil in the leading position in 
energy consumption will decline, the proportion of consumption of clean natural gas, nuclear energy, 
solar energy lamp will be a huge upgrade. 

According to the China Energy Statistical Yearbook is the data from 2005 to 2014, the annual 
energy consumption (the use of coal consumption calculation method) as shown in Table 1. 

TABLE 1. Composition of China's total energy consumption in 2005-2014 

The year 
Total coal 

consumption 

Total oil 

consumption 

Total natural 

gas consumption 

Total electricity 

consumption 

Total energy 

consumption 

2005 189231.156 46523.682 6272.856 19341.306 261369 
2006 207402.108 50131.725 7734.609 21198.558 286467 
2007 225795.45 52945.14 9343.26 23358.15 311442 
2008 229236.865 53542.037 10900.774 26931.324 320611 
2009 240666.216 55124.664 11764.41 28570.71 336126 
2010 249568.416 62752.752 14425.92 33900.912 360648 
2011 271704.186 65023.224 17803.978 32511.612 387043 
2012 275464.53 68363.46 19302.624 39007.386 402138 
2013 280999.362 71292.123 22096.389 42525.126 416913 
2014 279328.736 74090.244 24270.942 48116.078 425806 

Note: the unit is 10000 tons of standard coal. 

 
 
 
 
 
 
 
 
 
 
 

FIGURE 1 .2005-2014 The situation of energy consumption change Chinese. 
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From table 1 and figure 1 shows: China's total energy consumption increased from 261 million 690 
thousand tons of standard coal in 2005 to 4 billion 258 million 60 thousand tons of standard coal, coal 
consumption increased by 1 billion 892 million 310 thousand tons of standard coal in 2005 to 2 billion 
793 million 280 thousand tons of standard coal in 2014, the average annual growth rate of 4.76%; oil 
consumption increased by 465 million 320 thousand tons of standard coal in 2005 to 740 million 900 
thousand tons of standard coal in 2014, the average annual growth rate of 5.9%; the average annual 
growth rate of consumption of natural gas is 28.69%, the average annual growth rate of electricity 
consumption was 14.9%. It can be seen that in the past ten years, China's energy consumption 
continues to increase, coal consumption is still growing, but the growth rate is significantly lower than 
the growth rate of oil and gas and other energy. The development of electric power, such as nuclear 
power and hydropower, is also considerable, which plays an important role in improving the diversity 
of energy consumption in China, and plays an important role in improving energy security in china. 

2.2 the relative contribution of each individual calculated Pi is shown in table 2: 

TABLE 2. The relative contribution of each individual in China's energy consumption diversity 2005-2014 Pi 

The year Coal proportion Oil proportion Natural gas gravity 
The proportion of 

electricity 

2005 72.4 17.8 2.4 7.4 
2006 72.4 17.5 2.7 7.4 
2007 72.5 17 3 7.5 
2008 71.5 16.7 3.4 8.4 
2009 71.6 16.4 3.5 8.5 
2010 69.2 17.4 4 9.4 
2011 70.2 16.8 4.6 8.4 
2012 68.5 17 4.8 9.7 
2013 67.4 17.1 5.3 10.2 
2014 65.6 17.4 5.7 11.3 

 

 
 
 
 
 
 
 
 

 
 

FIGURE 2 .The relative contribution of each individual in China's energy consumption diversity in 2005-2014 
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From table 2 and Figure 2 Chinese energy consumption diversity of each individual the relative 
contribution of changes in the relative contribution of individual coal in 2005 72.4% reduced to 65.6%. 
the relative contribution of individual oil in 2014 has remained at around 17%, the individual 
contribution of 24% natural gas increased to 5.7%, relative contribution of individual power increased 
from 7.4% to 11.3%. In the past ten years, the proportion of coal consumption has been reduced, the 
proportion of oil consumption has remained stable, and the proportion of natural gas and electricity 
consumption has been expanding. The rise in the proportion of electricity and natural gas is actually the 
result of China's sustainable development, the use of clean and efficient energy is an important step in 
China's sustainable development strategy. The use of electricity is mainly in the rapid development of 
nuclear power, hydropower and solar energy in China, which is clean and efficient, but there are still 
security, environmental conditions and technical defects. 

TABLE 3. 2005-2014 China's energy consumption diversity parameters E and equilibrium index D 

The year Coal proportion Oil proportion 
Natural gas 

gravity 

The proportion of 

electricity 

Energy consumption 

diversity D 

Equilibrium index 

E 

2005 72.4 17.8 2.4 7.4 0.8232 0.5938  
2006 72.4 17.5 2.7 7.4 0.829 0.5980  
2007 72.5 17 3 7.5 0.8338 0.6015  
2008 71.5 16.7 3.4 8.4 0.8619 0.6217  
2009 71.6 16.4 3.5 8.5 0.8625 0.6222  
2010 69.2 17.4 4 9.4 0.923 0.6658  
2011 70.2 16.8 4.6 8.4 0.8978 0.6476  
2012 68.5 17 4.8 9.7 0.9325 0.6727  
2013 67.4 17.1 5.3 10.2 0.9564 0.6899  
2014 65.6 17.4 5.7 11.3 1.1356 0.8192  

 

 
 
 
 
 
 
 
 
 

FIGURE 3. 2005-2014 China's energy consumption diversity parameters E and equilibrium index D. 
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transformation and upgrading of enterprises, petroleum, natural gas and other clean energy 
development and utilization of the US energy consumption structure has been improved, which 
appeared diversity and evenness index is constantly increasing, also means that China's energy security 
is increasing. 

3 CONCLUSIONS AND RECOMMENDATIONS 

China's energy security is analyzed from the energy consumption situation and diversity index and 
equilibrium index of China in the past ten years (2005 -2014). Judging from the whole country, the 
main part of China's energy consumption is coal, which accounts for about 70% of the total energy 
consumption. This kind of consumption structure has poor diversity, low degree of balance, great 
environmental pollution, and is not suitable for sustainable development. However, with the 
development and utilization of new energy sources, the proportion of consumption of natural gas and 
clean energy is gradually increasing. At the same time, China is also actively foreign energy 
cooperation, will further expand the level and types of energy consumption. Overall, at present, China's 
energy consumption is high, but the diversity of energy consumption, the balance index is low, a good 
development trend but the energy consumption structure, the diversity of energy consumption is low, 
the difference of phase equilibrium degree. 

For China's energy consumption, the following three suggestions: 
1, improve energy efficiency. With the development of economy and the increasing of population, 

energy consumption increasing, energy efficiency does not solve the problem, whether it is the future 
of environmental problems and energy security can not carry, so improving energy efficiency is 
imperative. 

2, vigorously develop clean energy and new energy. Vigorously develop hydropower, nuclear 
power, wind energy, such as high efficiency and pollution-free clean energy to a large extent, increase 
the diversity and balance of energy consumption in China, improve China's energy security and 
environmental pollution problems. 

3, change the energy consumption structure. The coal based energy consumption patterns to clean 
energy consumption patterns to change. 
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