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Abstract: Accompanying the rapid growth of China’s population and economy, energy con-
sumption and carbon emission increased significantly from 1978 to 2012. China is now the 
largest energy consumer and CO2 emitter of the world, leading to much interest in researches 
on the nexus between energy consumption, carbon emissions and low-carbon economy. This 
article presents the domestic Chinese studies on this hotpot issue, and we obtain the follow-
ing findings. First, most research fields involve geography, ecology and resource economics, 
and research contents contained some analysis of current situation, factors decomposition, 
predictive analysis and the introduction of methods and models. Second, there exists an in-
verted “U-shaped” curve connection between carbon emission, energy consumption and 
economic development. Energy consumption in China will be in a low-speed growth after 
2035 and it is expected to peak between 6.19–12.13 billion TCE in 2050. China’s carbon 
emissions are expected to peak in 2035, or during 2020 to 2045, and the optimal range of 
carbon emissions is between 2.4–3.3 PgC/year (1 PgC=1 billion tons C) in 2050. Third, future 
research should be focused on global carbon trading, regional carbon flows, reforming the 
current energy structure, reducing energy consumption and innovating the low-carbon eco-
nomic theory, as well as establishing a comprehensive theoretical system of energy con-
sumption, carbon emissions and low-carbon economy. 
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1  Introduction 

The international community has placed much more emphases on the topic of global climate 
change over decades. In 2014, the Intergovernmental Panel on Climate Change (IPCC) re-
leased its fifth assessment report, which analyzed the causal relationship between human 



856  Journal of Geographical Sciences 

 

activity and global climate change, and emphasized the need to reduce greenhouse gas emis-
sions and mitigate the effects of climate change (Qin, 2014). 

Although the question regarding the global warming was first raised more than a century 
ago, researches about energy consumption and carbon emissions have made some progress 
recently (Figure 1). In the 19th century, researchers noted that carbon emissions from burn-
ing fossil fuels could contribute to global warming, discovering that 60% of greenhouse ef-
fect is induced by CO2 (Ozturk and Acaravci, 2010). Recent studies have estimated that the 
burning of fossil fuels contributes to 70% of total carbon emissions, and that human activity 
and energy consumptions are the primary causes of climate change (Zhang et al., 2012). On 
the one hand, economic growth depends on energy consumption, which results in carbon 
emission. On the other hand, reducing carbon emission will react on energy consumption, 
and restrict economic development (Zhang and Duan, 2012).  

 

 

Figure 1  The cognitive evolution of climate change 
 

Research concerning the nexus between energy consumption, carbon emissions and eco-
nomic development has been undertaken over many years. In 1991, Makarov explored the 
role of energy consumption in the Soviet economy (Makarov and Bashmakov, 1991); 
Nulíček denoted that national economic development could increase the energy intensity 
(Nulíček, 1993). Over the past years, academics from around the world have continued a 
variety of related studies, including fossil fuel emissions (Andres et al., 1996), industrial 
structure and carbon emissions (Tunç et al., 2009), energy efficiency and emissions (Green-
ing et al., 2000), as well as on the linkage between energy consumption and economic de-
velopment (Begum et al., 2015). 

Due to the large population and rapidly growing economy, from 1978 to 2012, Chinese 
annual energy consumption increases from 571 million to 3.63 billion TCE, while carbon 
emissions increase from 400 million to 7.95 billion tons. During this period, China’s energy 
consumption rises from 6% to 20.3% of the world’s total, making it the world’s largest con-
sumer and emitter, with carbon emissions now accounting for 24.6%, up from 8.4% (Fan et 
al., 2015). Energy consumption and carbon emissions cannot be controlled within a short 
time, but in the face of climate change, China must confront its urgent pressures to reduce 
the carbon emissions. This paper presents a summary of the related research, revealing the 
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interaction mechanisms of the climate change, energy consumption and low-carbon devel-
opment. It will help to support green development, cycle development and low carbon de-
velopment of China’s “13th Five-Year Plan” (2016–2020), and cope with the international 
climate change.  

2  Methodology 

In this article, we have collected 480 papers published in the database of China National 
Knowledge Infrastructure (CNKI) to summarize some progress of Chinese researchers in 
terms of three topic words of energy consumption, carbon emission and low-carbon econ-
omy. The topic words are processed at standardized level to control the use of the synonyms 
and polysemous words, promoting the precision and recall of the related literature. There are 
plenty of keywords under the topic words and we count all the keywords appearing in these 
papers. Keywords are the words occurring more frequently in the study and they can express 
the theme of literature. These papers are mainly published in some major journals, such as 
Acta Geographica Sinica, Journal of Natural Resources, and Economic Geography (Table 1). 

 

Table 1  Related methods and information of this paper 

Methods Topic word High frequency keywords
The number 

of documents
Type of journal 

Biliometric  
analysis 
Co-word Analysis 

‘energy consumption’, 
‘carbon emission’,  
‘low-carbon economy’

LMDI model, 
economy growth, 
climate change, 
carbon emission  
reduction, decomposition 
analysis, industrial 
structure,  
low-carbon,  
carbon emission permits 

480 Acta Geographica 
Sinica, Journal of 
Natural Resources, 
Economic Geography, 
Resources Science, 
China Population, 
Resources and 
Environment,  
Ecological Economy 
and others 

 

Biliometric analysis and co-word analysis are applied to analyze these publications. In 
order to discuss the characteristics and variations of science, as a quantitative method based 
on mathematical statistics, the bibliometrics is used to examine the numerical relationship, 
changes regulation and quantitative management of the literature. Co-word analysis shows 
the frequency of any two keywords in one paper to reflect the close connection, and the 
higher frequency indicates the closer relation. Based on the biliometric analysis, we analyze 
the keywords in the 480 papers and then make the co-word matrix of the keywords, which 
appear more than 20 times (Table 2). Table 2 shows that carbon emission, low-carbon 
economy and energy consumption appear most frequently in these collected literatures, and 
the couple of carbon emission and energy consumption occurs more often than any other 
couple, with 59 times. Through the co-word analysis, the research focuses of subject are 
very obvious.  

Basing on the collection of the research focuses, the rest sections of this article will pre-
sent our literature analysis and main findings, indicating the status and trend of carbon 
emission, the nexus between energy consumption and carbon emissions, and some low-car-
bon economic models towards addressing the climate change, which will help to accelerate 
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the green development goals in China during the 13th Five-Year Plan period. It will also 
provide some decision-making references to the development of renewable and low-carbon 
technologies necessary to combat global climate change. 
 

Table 2  Co-word matrix of high frequency keywords (partial) 

 

Carbon 
emis-
sion 

Low- 
carbon 

economy

Energy 
con-

sumption

LMDI 
model

Eco-
nomic 
growth

Climate 
change

Carbon 
reduction

Decompo-
sition 

analysis

Industrial 
structure 

Low- 
carbon 

Carbon 
emission 

0 34 59 35 30 18 9 19 13 4 

Low-carbon 
economy 

34 0 18 9 6 11 3 4 5 0 

Energy 
consumption 

59 18 0 10 13 6 0 5 5 1 

LMDI 
model 

35 9 10 0 7 1 3 2 0 0 

Economy 
growth 

30 6 13 7 0 2 1 1 1 0 

Climate 
change 

18 11 6 1 2 0 5 0 1 1 

Carbon 
reduction 

9 3 0 3 1 5 0 0 0 0 

Decomposi-
tion analysis 

19 4 5 2 1 0 0 0 2 0 

Industrial 
structure 

13 5 5 0 1 1 0 2 0 2 

Low-carbon 4 0 1 0 0 1 0 0 2 0 
 

3  CO2 emissions: status and trends 

3.1  Increasingly carbon emissions and its driving force 

At the present, because of the economic development, rapid urbanization and the en-
ergy-consuming activities undertaken in the society, a short-term reduction in China’s car-
bon emissions is impossible. 

Since 2000, carbon emissions of global fossil fuels burning grow by 3% annually, with 
two-thirds coming from China (Gu et al., 2009). China’s carbon emissions continue to in-
crease, surpassing the United States as the largest emitter in 2006 and accounting for 20% of 
global emissions. Between 2006 and 2013, emissions rise by an average of 15.7% annually 
from 4.97 to 10.44 billion tons, which is 29% of the world’s total (Yue et al., 2010).  

The main sources of carbon emissions are industrial, agricultural, and household; however, 
the industrial fossil fuels consumption is the primary contributor. Carbon emissions in east-
ern China are apparently higher than the less developed central and western regions. More-
over, there are significant regional differences in carbon emissions of the industry, construc-
tion, and transportation (Sun et al., 2010). 

Great deals of studies use decomposition and econometric models to explore the driving 
forces of carbon emissions; the most widely used models are structural decomposition 
analysis (SDA), indexed decomposition analysis (IDA) and production-theory decomposi-
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tion analysis (PDA) (Zhang and Da, 2015). For analyzing energy consumption or carbon 
emissions, SDA is often combined with the input-output model, and the Logarithmic Mean 
Divisia Index (LMDI) is most prominently used in the IDA (Cansino et al., 2015). Of all the 
decomposition factors (Table 3), economic development and increased energy consumption 
are the greatest drivers of carbon emissions, but with the advance of technology, the im-
provement of energy efficiency will become the most important factor in carbon emissions 
reductions. The STIRPAT (Stochastic Impacts by Regression on Population, Affluence, and 
Technology) model used by Qu Shenning (2010) projects that China’s carbon emissions will 
peak either in 2035 or during 2020–2035, with the amount falling between 2.4–3.3 PgC/a 
(Hu et al., 2008; Qu et al., 2010; Yue et al., 2010). 

 

Table 3  Studies of contributors to the changes of CO2 emissions in China 

Decomposition of impact factors 

Authors Methods Time 
Research 
subjects 

Impact factors 
Promoting 

factors 
Inhibitory  

factors 

Zhu and 
Zhang, 
2011 

IDA 1995–2008 Carbon  
emission 
intensity 

Energy intensity, energy 
structure, industrial structure

Energy inten-
sity 

Energy struc-
ture, industrial 
structure 

Zhao et 
al., 2014 

Spatial 
Panel 
Data 
Analysis  

1991–2010 Carbon emis-
sion intensity 
of energy 
consumption 

Per capita GDP, population 
density, energy consumption 
structure, transportation, en-
ergy price 

Per capita 
GDP, popula-
tion density 

Energy  
consumption  
structure 

Liu and 
Liu, 
2009 

LMDI 1992–2005 Carbon  
emissions of 
industrial 
combustion 

Energy consumption, energy  
structure, technical factors, 
intermediate inputs, industrial 
structure, industrial output 

Energy  
consumption, 
energy struc-
ture, industrial 
output 

 

Song 
and Lu, 
2009 

LMDI 1990–2005 Carbon  
emissions of  
energy  
consumption 

Output scale, energy struc-
ture, emission intensity, en-
ergy intensity 

Output scale Energy  
intensity 

Li et al., 
2011 

Kaya 1993–2008 Agricultural 
carbon  
emission 

Economic development, effi-
ciency factor, structure factor, 
labor force scale 

Economic 
development 

Efficiency  
factor, structure 
factor, labor 
force scale 

Yang 
and Liu, 
2012 

STIRPA
T, EKC 

1995–2009 Carbon  
emissions 

Per capita GDP, population 
size, energy intensity, energy 
structure, industrial structure, 
urbanization rate, trade 
openness, foreign direct in-
vestment 

Per capita 
GDP, energy 
intensity 

 

Guo, 
2010 

LMDI 1995–2007 Carbon  
emissions 

Economic aggregate, eco-
nomic structure, energy use 
efficiency, energy consump-
tion structure, carbon emis-
sion coefficient 

Economic 
aggregate 

Energy use  
efficiency 

 
In addition to the studies assessing China’s total carbon emissions, there is also a wealth 

of researches on the emissions of individual industries, such as the textile (Lin and Mouba-
rak, 2013), steel (Lin and Wang, 2015), and cement industries (Shen et al., 2014). Most 
studies use a direct measure to estimate carbon emissions, leaving out the amounts generated 
through transportation and other intermediate processes; however, carbon footprint can help 
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to correct this deficiency (Yang and Chen, 2014). Carbon footprint is a comprehensive 
method, including both direct and indirect emissions to assess the amount of CO2 produced 
in a region; it can be a useful tool in adjusting the climate legislation to localized develop-
ment, reflecting the connections between local activity and climate change, and increasing 
the local understanding of climate change (Ramachandra, 2012).  

3.2  Carbon emissions reductions and climate change 

Governmental organizations around the world actively explore strategies for reducing car-
bon emissions and coping with the climate change. Energy-saving and emission-reduction 
have become the “green barrier” to international trade in order to protect the environment 
(Wang et al., 2015).  

In response to climate change, many countries have proposed emission reduction targets, 
such as the European Union’s “Strategic Energy Technology Plan” and the United States’ 
target of 80% reductions by 2050 compared to 1990. Responding to international pressure, 
China pledges to reduce its carbon intensity of per unit GDP by 40%–45% for 2020 com-
paring with 2005, aiming to reach its emissions peak level by 2030 (Bi, 2015). Since 2014, 
China’s “12th Five-Year Plan” has addressed climate change targets, achieving the positive 
results by restructuring industries, increasing the efficiency of energy consumption, opti-
mizing energy structures, limiting greenhouse gas emissions of non-energy activities and 
expanding forest carbon sinks. In 2014, China’s CO2 emissions of per unit GDP decreased 
by 6.2%, completing the 92.3% of carbon intensity reduction target proposed by the “12th 
Five-Year Plan” (NDRC, 2015).  

Carbon trading, an important tool of the Kyoto Protocol agreement, is used to achieve in-
ternational cooperation to mitigate climate change. Thus, an increasing amount of researches 
will focus on the carbon emissions trading pilot program and the possible carbon trading 
market to achieve emission reduction targets through carbon trading (Grubb, 2012). While 
exploring ways to achieve emission reductions, it is important to note the reconstruction role 
of international trade in globe carbon emission distribution, and the embodied carton emis-
sions in carbon trading should be the focuses of the future researches (Zhang et al., 2015). 

4  Energy consumption trends and the linkage between energy consump-
tion and carbon emission 

4.1  Energy consumption and its economic impact factors 

China’s energy consumption is not only massive but increasing as well. Moreover, the re-
gional differences are very large in energy consumption, which are affected by many factors 
with economic factors being the most obvious.  

Energy is crucial significant for human existence and social development. Along with 
China’s economic growth, energy consumption has risen accordingly (Figure 2); in the past 
10 years, this trend has been changing rapidly, which is 4.26 billion TCE in 2014, up by 
13.65% from the previous year. For the energy consumption, coal, as the major consumption, 
has fallen from 90% of total China’s energy consumption in the 1950s to only 66% in 2014; 
while oil consumption has been generally steady for the past 30 years.  
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Figure 2  The trend of energy consumption from 1953 to 2013 in China 
 

In China, spatial-temporal distribution differences of energy consumption are relatively 
large, decreasing geographically from east to west, though per capita consumption is clearly 
higher in the west. Energy consumption is still concentrated along China’s east coastal area 
at least until the mid-21st century, while energy supply remains located in the 
“three-northern” regions, namely east, central and west (Liu and Shen, 2011).  

Decomposition models are also most used to study the impact factors of energy consump-
tion, such as LMDI. The main factors are concentrated on three aspects of the scale, tech-
nology and structure, including economic growth, population size, urbanization, industrial 
structure and natural endowments. Among these, economic growth is the most impactful 
factor (Yang et al., 2013). Many studies have shown that country’s economic fluctuations 
will influence the energy consumption changes. Furthermore, when China’s GDP growth is 
below 18.04%, a steady linear relationship can be got between GDP and energy consump-
tion; however, when growth exceeds 18.04%, the relationship becomes nonlinear, with a 1% 
rise in GDP and a 2.26% rise in energy consumption. This illustrates the crucial role of 
economic growth in accelerating the energy consumption (Du et al., 2009; Zhao and Fan, 
2007). This paper establishes a simple comparison of China’s GDP and energy consumption 
during 1953–2014 in order to illustrate the related research findings. At the same time, it 
reveals that energy intensity has consistently decreased. GDP growth promotes the energy 
demands and energy consumption, as well as the improvement of energy efficiency. In the 
future, more new energy should be exploited and energy efficiency should be further im-
proved. Moreover, the industrial structure should be adjusted to reduce the energy depend-
ency (Zhao and Fan, 2011).  

4.2  Continued increase in energy demand 

China’s energy demands are constantly increasing and energy security must be strengthened 
to support the balance between energy supply and demand.  

According to the International Energy Agency’s (IEA) predictions (IEA, 2010), China’s 
energy demand in 2035 will be twice the level in 2008, comprising about 23.4% of the 



862  Journal of Geographical Sciences 

 

world’s total, up from 17.4% in 2008 (Table 4). Considering the current energy consumption 
structure, the future development will remain dependent on domestic sources of energy, with 
coal consumption remaining the leading supply, and oil imports will uninterruptedly in-
crease (Zhang, 2013).  
 
Table 4  The forecast for energy demand in China 

Energy demand (100 million tons of standard coal) Proportion (%) 
 

1990 2008 2020 2030 2035 2008 2035 

Coal 7.78 20.55 30.60 35.22 37.43 66 61 

Petroleum 1.66 5.37 8.25 10.15 10.98 17 18 

Natural gas 0.19 1.03 2.60 3.93 4.74 3 8 

New energy 0.00 0.26 1.80 2.53 2.75 1 4 

Hydrogen 0.16 0.73 1.34 1.54 1.63 2 3 

Biomass energy 2.91 2.95 2.78 2.68 2.85 10 5 

Renewable energy 0.00 0.10 0.47 0.79 0.92 0 1 

Total 12.68 30.99 47.82 56.82 61.30 100 100 

 
Shen Lei et al. (2015) suggest that China will be in the stage of low energy consumption 

growth after 2035, with the amount reaching 6.19–12.13 billion TCE in 2050. Although en-
ergy demands seem to be endlessly on the rise, the rate of increase is actually decreasing; so 
there is a hope that one day there will be an energy consumption plateau, and perhaps a de-
coupling of economic growth and energy consumption.  

In order to keep a balance between supply and demand, it is crucial to ensure the energy 
security, including supply, production, utilization, transportation and environmental safety. 
It is important to establish a comprehensive energy management system to improve the en-
ergy efficiency and provide the diversification of energy sources. We should develop the 
new techniques, alternative energy and transportation capacity to safeguard the national en-
ergy security and satisfy the increasing energy consumption demands (Shen and Xue, 2011).  

4.3  Energy consumption effect: increasing carbon emissions 

In the literature collected for this study, of the 400 articles under the theme “energy con-
sumption”, nearly 20% are related to the carbon emissions. And it has been a popular re-
search topic since 2002, and carbon emission is the main result of energy consumption (Liu 
et al., 2002).  

Globally, the burning of fossil fuels contributes to 70% of total carbon emissions. China is 
currently in a period of rapid economic growth, and its present coal-based energy structure is 
difficult to change. Currently, 80% of China’s energy demands are met by fossil fuels, so 
emissions caused by energy consumption may be the main part of the atmospheric carbon 
emission. Special attention should be given to the studies about the energy consumption and 
carbon emissions to explore the low-carbon pathways (Cui, 2015; Zhang et al., 2012).  

Comparing the changing trend of China’s energy consumption and carbon emissions 
(Figure 3), we discover that the two exhibit the same trends, indicating the strong positive 
correlation between them. Research by Wu Hong et al. (2011) has proved the existence of a 
positive correlation between energy consumption and carbon emissions, as well as energy 
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intensity and carbon emission intensity; 
there exits the direct Granger causality. 
Thus, with every 1% rise in energy con-
sumption, carbon emissions rise by 
1.16%. The effects of energy consump-
tion on carbon emissions are clear and 
energy consumption is the most impor-
tant cause of China’s CO2 emissions (Liu, 
2011). 

In 2011, the burning of fossil fuels 
produces 7.99 billion tons of CO2, 25.4% 
of the world’s total emissions. In 2015, 
this figure increases to 8.01 billion tons; 
and with the continued rise in national 
energy demand, CO2 emissions are expected to continue to grow at a fast rate (IEA, 2013). 

5  Low-carbon economic models for mitigating climate change 

5.1  The connection between economic growth, energy consumption and carbon emis-
sions 

China’s economy is overly dependent on energy consumption, which is the primary source 
of greenhouse gases. However, it is becoming evident that energy, which is a scarce natural 
resource, is restraining economic growth. Thus, it is clear that the interconnectedness of en-
ergy consumption, carbon emissions and economic development deserves our more attention 
(Wu et al., 2013). 

For the developed countries, the relation between economic growth and greenhouse gas 
emissions has been partially decoupled, while developing countries show a significant cor-
relation (Contestabile, 2012). Researches about the nexus between energy consumption, 
carbon emissions and economic growth are concentrated on exploring the environmental 
Kuznets curve (EKC). Grossman, who believes that per capita income and environmental 
pollution exhibit an inverted “U-shaped” relationship, first proposes this curve (Grossman 
and Krueger, 1991). Panayotou (1997) subsequently sought to prove this concept, proposing 
the name “environmental Kuznets curve” firstly. There are dynamic relations between eco-
nomic growth, energy consumption and the environment, where energy consumption may 
have an immediate positive effect on economic growth; however, this will do damage to 
environment (Kolstad and Krautkraemer, 1993). Subsequent studies have also discovered an 
inverted “U-shaped” link between per capita income and carbon emissions (Holtz-Eakin and 
Selden, 1995). Although Chinese scholars’ related researches begin relatively late, they 
make good use of statistical data, conduct quantitative analyses and find the similar results 
(He and Liu, 2004; Kuang, 2009). Zhao and Li (2011) pointed out that for every 1% increase 
in China’s GDP, carbon emissions rise by 0.36%. And carbon emissions and economic 
growth present an inverted “U-shaped” relationship, with the underlying mechanism of eco-
nomic growth leading to energy consumption, which leads to larger carbon emissions (Chen 
and Zhang, 2012; Wang, 2014; Zhang and Cheng, 2009). Inversely, changes of carbon 

 

Figure 3  The linkage between energy consumption and 
carbon emission from 1980–2012 in China 
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emissions also influence the economic growth and energy consumption, so there is the cau-
sation relationship between them (Figure 4). 

At present, the rapid economic development of China depends on increasing energy con-
sumption largely, resulting in carbon emissions. In order to achieve the carbon emission re-
ductions target, we should improve the structure of economic development and energy con-
sumption, increase the energy consumption efficiency, and promote the technological inno-
vation. In the future, low-carbon economy will be the major model of economic develop-
ment.  

 

 
 

Figure 4  The tendency of linkage between carbon emission, energy consumption and economic development 
  

5.2  Development of low-carbon economy 

Low-carbon economy has appeared initially in the UK government white paper entitled 
“Our Future: Creating a Low-Carbon Economy” in 2003, and it is a low-carbon develop-
ment model of low consumption, low pollution, and low emissions. The white paper pre-
sents a new combination of energy innovation, emissions reduction technology, industrial 
structure innovation and human society development. It is an ideal economic model for re-
ducing greenhouse gas emissions, realizing reductions targets, confronting global warming, 
and decoupling the connection between economic growth, energy consumption and carbon 
emissions (Song, 2010; Fu et al., 2008; Liu et al., 2010).  

Since the establishment of low-carbon economy, Chinese scholars have begun to develop 
more applications than the theories (Figure 5). Currently, China’s low-carbon economic 

 

 
Figure 5  Transition from theory to application about study on low-carbon economy 
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development exhibits a great difference between regions. The patterns of low-carbon econ-
omy in the eastern provinces are gradually formed. However, comparing to the eastern 
provinces, the western provinces’ low-carbon economic development is more influenced by 
energy structures, populations, economic development and consumption types. Generally 
speaking, we should embark from the local actual situation to develop low carbon economy, 
carefully designing the institutional arrangements to meet different development levels of 
different regions in our country (Li et al., 2015).  

5.3  Methods for establishing a low-carbon economy and policy recommendations 

The goal of the low-carbon economy is to reduce carbon emissions, by lowering the energy 
consumption.  

For structure adjustment, it is essential to reform the energy and industrial structure to 
achieve a low-carbon economy. In transforming the Chinese energy structure from one based 
on coal to a low-carbon one, China should follow the strategy of replacing fossil fuels with 
new and clean energy. In 2014, China’s GDP of tertiary industries are 9.2%, 42.6%, and 
48.2%, and it is an improvement from 2013 (NDRC, 2015). In future, it will be important to 
further eliminate the high consumption and heavy polluting industries of the secondary 
economic sector, achieving a reasonable low-carbon energy structure. In China, developing 
the low-carbon industry and the circular economy is significant to realize the low-carbon 
economy. Structure adjustment will contribute 62%–67% of the emission reduction targets 
(Lin and Liu, 2011; Zhang and Duan, 2012).  

From the viewpoint of technology, it is vital to improve energy efficiency and promote the 
widespread use of low-carbon technologies. In 2014, China’s energy consumption of per 
unit GDP falls by 4.8%, saving about 600 million TCE and 140 million tons of CO2 emis-
sions. In the same year, CO2 emissions of per unit GDP decrease by 5.8%, down by a cumu-
lative 15.8% from 2010 (NDRC, 2015). At the same time, there are already a great variety of 
low-carbon technologies in use all over the world, such as the EU’s Carbon Capture and 
Storage (CCS), and the United States’ “Climate Change Technology Program”, which aims 
to develop applications of hydrogen fuel cell technology, as well as containing plans for the 
future of American power and nuclear fusion (Liu et al., 2009). 

From a policy perspective, energy consumption reduction could be achieved through 
regulatory means, taxation and the establishment of an emission-trading scheme. Specific 
methods should be adopted to reduce the energy consumption, including setting emissions 
caps, energy consumption or emissions standards, electricity supply quotas and energy or 
environmental taxes, as well as grants and subsidies (Cao and Zhang, 2010).  

Overall, establishing a low-carbon economy will require the comprehensive support of 
policy, technology and funding. China should select a gentle way, mobilizing the enterprises 
and public to actively work together, to develop the circular economy pilot projects and 
build a unified low-carbon economic development system. 

6  Application of methods in the previous studies 

In the research progress on carbon emissions, energy consumption and low-carbon economy 
in China, many kinds of methods and models are adopted (Table 5). In addition to those 
listed in Table 5, other methods are also used. For example, a computable general equilib-



866  Journal of Geographical Sciences 

 

rium (CGE) model for calculating energy consumption and emissions under different eco-
nomic growth scenarios; the decoupling theory for exploring the relationship between eco-
nomic growth and environment; a life-cycle assessment for calculating carbon emissions, 
and the VAR model.  
 

Table 5  The main research methods and models 

Method and model Basic algorithm Application description 

IPCC greenhouse 
gas emission inven-
tory preparation 
method (Cheng, 
2014) 

c=a×f
 

C indicates carbon emission, a is the activity level, f is the 
emission factor. It provides a unified algorithm and refer-
ence standard for the estimation of carbon emission. 

LMDI model C=P×(Y/P)×(E/Y)× (C/E) C indicates carbon emission, P is the population, Y/P is per 
capita GDP, E/Y represents the energy consumption inten-
sity, C/E is the energy structure intensity; the method is 
widely used in carbon emissions calculation and its effect 
decomposition. 

IPAT model I=P×A×T I depicts the impact of evaluation, P is the population, A 
expresses the wealthy degree, T represents the scientific 
and technological progress; the model is originally used for 
environmental impact assessment, after being improved for 
carbon dioxide impact factor analysis. 

STIRPAT model 
(Song, 2012) 
 

...lnln)(ln

)(lnlnln

54
3

3

2
210





TaPaAa

AaAaaI The model is an extension of IPAT model, and a new factor 
is introduced in the model. 

Econometric model 

ittmiMi

tiitiiiit

ex

xxy





,

,12,11


  

y indicates carbon emission, x is the influencing factor of 
carbon emissions, α is the intercept, β is the coefficient, i is 
the number of cross section, t is the time, M represents the 
number of influencing factors of carbon emission; com-
pared to the traditional time-series and cross-sectional data 
model, this model expands the amount of information, with 
dynamic reliability analysis, which is helpful to reflect the 
system structure. 

Granger causality 
tests (Wu et al., 
2013) 

If X helps to predict Y, then X 
is the granger cause of Y 

This model can only be used for the test of smooth se-
quence, and the information contained in the past X can 
improve the forecast of Y.  

EKC model The relationship between eco-
nomic development and envi-
ronmental factors in inverted  
U-shaped curve 

Environmental Kuznets curve is used to illustrate the rela-
tionship between economic growth and carbon emissions, 
energy consumption. 

Kaya identical equa-
tion 

pgef

POP
POP

GDP

GDP

TOE

TOE

GHG
GHG



 GHG indicates the greenhouse gas emissions, TOE repre-
sents the energy consumption, GDP is the gross domestic 
product, POP is the population, f is the energy structure 
intensity, e is the energy consumption intensity, g is the per 
capita GDP, p is the population; the model is mainly used 
for analysis of the driving factors of carbon dioxide emis-
sions. 

Hierarchical Analy-
sis 

Target-Criterion-Scheme The model is a kind of weight decision analysis method, 
which is mainly used to construct the evaluation system of 
low carbon economy. It is the basic step for the qualitative 
and quantitative analysis. 

Input-output Analy-
sis (Wang et al., 
2015) 

c=f(I–A)–1Y c denotes the energy carbon emissions vector, f is the direct 
carbon emission vector of the department, I is the intensity 
matrix, A is the input coefficient matrix, Y is the final de-
mand matrix, (I–A)–1 is the Leontief inverse matrix; this 
model is used to analyze the carbon emissions of interme-
diate products in the economic operation process. 

…
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7  Conclusions 

After literature comprehensive comparison and analysis, we found that most current studies 
concerning energy consumption, carbon emissions and low-carbon economies primarily 
have the following clear features. 

First, the study of carbon emissions, energy consumption and low-carbon economies in 
China is developing rapidly, and presents many interesting results. Research contents in-
volve the structural analysis, distribution pattern analysis, influencing factors and policy 
recommendations. The research fields involve geography, climatology, ecology and envi-
ronmental economics. The scope of research, which is expanding daily, has spread from the 
national to industrial levels and from one-dimensional to multi-dimensional. 

Second, bulks of studies show that there exists an inverted “U-shaped” linkage between 
economic development, energy consumption and carbon emission. Energy consumption in 
China will be in a low-speed growth after 2035 and it is expected to peak between 6.19– 
12.13 billion TCE in 2050. China’s carbon emissions are expected to peak in 2035, or be-
tween 2020–2045, and the optimal range of carbon emissions is between 2.4–3.3 PgC/year. 
Recently, the connection between them also follows the rule of “economic develop-
ment→energy consumption→carbon emissions”. For this reason, in order to safeguard the 
economic growth, we must find ways to reduce carbon emissions through innovative energy 
technologies. 

Third but not the last, considering the international environment, future research should 
focus on the following three points. One is about international carbon trading, virtual carbon 
flows and energy structural reform, which should be paid more attention. Another is about 
research on the low-carbon economy that is relatively less concerned but a unified theoreti-
cal basis should be formed. As a result, the future research should focus on the improvement 
of theories towards green, circular, low-carbon economies and models. Studies of the 
low-carbon economy could be scaled down, focusing on micro-level analyses of low-carbon 
communities, households and personal behaviors. The last issue is about comprehensive 
evaluation methodology of carbon emissions, energy consumption and economic growth 
which should be established. Although the above three research areas have their own meth-
ods and theoretical bases, they all need a unified spatial analysis method. To end this objec-
tive, we strongly suggest that is necessary to establish a unified system for correctly evalu-
ating the potential and sophisticated nexus among the carbon emissions, energy consump-
tions and low-carbon economy in further studies either in China or the world. 
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