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College of Management This paper analyzes the spatial and temporal distribution of CO, emissions intensity
Science, Chengdu

University of Technology, and energy intensity in China by using spatial measuring method from 2000 to 2013
Chengdu 610051, China and estimates the potential for CO, emissions reduction. The results obtained in this
IFSU;‘V';S‘L?':‘;EQE;'gzod“z)f&oe” study include: (1) Both CO, emissions intensity and energy intensity are declining;

article (2) the spatial distribution of carbon emission intensity and energy intensity in China

shows the characteristics of lower from north to south; (3) China’s total growth of
energy consumption and carbon emissions is clearly slowing, which will peak before
2030; the carbon emission reduction potential in China is great with 167,316.91 million
tons, and Shanxi, Inner Mongolia and Hebei have the greatest potential to reduce CO,
emissions with 29,885.8 Mt, 32,704.49 Mt and 34,222.1 Mt, respectively; (4) the differ-
ences of CO, emissions intensity and energy intensity among provinces are distinctive.
This study can provide a reference for the sustainable development of China’s energy
and environment.

Keywords: Carbon emission intensity, Energy intensity, Spatial and temporal
distribution, Carbon mitigation potential, Sustainable development

1 Introduction

Economic development is dependent with the energy consumption; furthermore, the
energy consumption will give rise to the increment of CO, emissions. According to the
“5th Assessment Report of the Inter-governmental Panel on Climate Change (IPCC),
the atmospheric concentration of CO, had risen to 391 mg/L by 2011, which were 40%
increase over the figures before industrialization. The latest 30 years, that is, from 1983
to 2012 may be the hottest decades in the past 1400 years (IPCC 2014). As global warm-
ing has become one of the most serious environmental problems worldwide, issues
related to carbon dioxide (CO,) emissions have attracted close attention in the world-
wide (Li et al. 2015). Meanwhile, China has surpassed the USA in CO, emissions in 2008,
having become the world’s largest emitter and energy consumer which makes China
face more and more pressures on the control of its CO, emissions (BP 2013; Zhu et al.
2010; Hu and Lee 2008; Li 2010; Wang and Waston 2010). At the Copenhagen Climate
Change Conference in December 2009, China was pledged to reduce its CO, intensity
by 40—45% by 2020, based on 2004 emission levels. In 2013, at the Third Plenary Session
of the 18th Central Committee of the Communist Party in China, the issue of ecological
civilization construction was addressed. In 2014, the Joint Statement on the Sino-U.S.
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Climate Change Statement, in which Chinese government promised to reach the CO,
emission peak around 2030, and by then, its CO, emissions will be reduced by 60-65%.
All of these indicate the coordination between economic growth and environmental
protection in China has been paid high attention by the central government (Zhao et al.
2016). Therefore, precise evaluation of the CO, intensity as well as energy intensity that
occurs in China or other countries is a matter of serious concern.

Many researchers have conducted the study of the relationship among the car-
bon intensity, energy intensity and economic growth. Some authors applied adaptive
weighted division rolling based on year index specification to total carbon emissions
from the manufacturing sector of 10 OECD countries during 1971-1991 and found
that declines in aggregate carbon intensity for these countries may be primarily attrib-
ute to decreases in energy intensity (Greening et al. 1998, 1999, 2001, 2004). The evolu-
tion of carbon emissions from the IEA’s manufacturing sectors in 13 countries has been
concerned, and the lower emissions of manufacturing in most countries resulted from
lower branch energy intensity as well as changes in utility fuel mix (Schipper et al. 2001).
Energy intensity and structural effect were the two major influencing factors on emis-
sion intensity in African countries (Ebohon and Ikeme 2006). In addition, a log-mean
Divisia index decomposition approach has been employed for seeking the driving factors
of emissions related to energy and other industrial activities, and then the authors con-
cluded that the emission intensity has reduced significantly in both energy-related activ-
ities and other processes at the aggregate level (Bhattacharyya 2010). For the USA, the
relation between energy consumption, the GNP and the output of carbon emissions has
been further studied and the investigation indicated that income did not granger-cause
carbon emissions in the USA in the long run, but energy use did. Hence, income growth
by itself may not become a solution to environmental problems (Eden and Hwang 1984;
Soytas et al. 2007). As for this paper, the relationship among energy, CO, emissions and
the economic growth is analyzed from temporal and spatial perspective by ArcGIS soft-
ware. Additionally, the potential of CO, emissions is proposed in this paper.

The remainder of this paper is arranged as follows: the calculation method of energy
intensity and CO, intensity is present in Sects. 2. Section 3 elaborates the temporal and
spatial characteristics of energy intensity and CO, intensity according to the calculation;
the specified discussion about the results is shown in Sect. 4. Section 5 concludes and
makes suggestions.

2 Methodology

In this paper, carbon intensity and energy intensity are employed as the research indexes.
Carbon intensity refers to the amount of carbon dioxide emitted of per unit GDP which
shows that the lower the CO, intensity, the less CO, emissions per unit of GDP, while
energy intensity is the amount of energy consumed of unit GDP which indicates that the
lower the energy intensity, the less energy consumed per unit of GDP. Because there were
studies, which have shown that energy consumption and economic growth are the long-
run causes for CO2 emissions, and CO, emissions and economic growth are the long-
run causes for energy consumption (Wang et al. 2011), it is reasonable to choose the two
indexes to reveal the relation among CO, emissions, energy consumption and economic
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growth. Meanwhile, the paper adopts the spatial measuring method to analyze the carbon
intensity and energy intensity in China from temporal and spatial perspective.

2.1 Calculation of carbon intensity

Due to the lack of direct data on carbon emissions, indirect calculation of fossil fuels is
employed here. The formula according to the carbon emission inventory accounting is
shown as follows:

E;
C; = E;EF; = EEEH (1)

In Eq. (1), C, represents the carbon emissions caused by i energy, E; represents the con-
sumption of i energy, and EF,; represents the carbon emissions coefficient of i energy. The
values of related parameters are shown in Table 1.

The formulation of carbon emission in the production process is as follows:

c=Y Q=Y Q%Ei 2)
i=1 i=1

In Eq. (2), C represents carbon emission in the production process, Q; represents the pro-
duction volume of a product for i province, and E, refers to the carbon emission coefficient
in the production process.

With regard to carbon intensity, it is an important indicator of energy utilization and the
level of GDP development. The smaller the carbon intensity, the healthier the economy. Its
calculation is as follows:

Ci

Table 1 The carbon emissions factor (EF) of different fuels

No. EF (t CO,/t) cc(tc/m) 0 (%) NCV (kJ/kg)
Raw coal 1.938339 25.800 0.980 20,908
Cleaned coal 2442301 25.800 0.980 26,344

Other coal washing 0.872289 25.800 0.980 9409

Coal briquette 1.557494 25.800 0.980 16,800

Coke 2983552 29.200 0.980 28,435

Coke oven gas 0.765912e~% (tCO,/m°) 12.100 0.995 17,350 (k/m?)
Other gas 0.806527e™% (tCO,/m?) 12.100 0.995 18,270 (k)/m?)
Other coking products 29588894 29.200 0.980 28,200

Crude oil 3.035842 20.000 0.990 41,816
Gasoline 2.954901 18.900 0.990 43,070
Kerosene 3.048709 19.500 0.990 43,070

Diesel fuel 3.125522 20.200 0.990 42,625

Fuel oil 3202811 21.100 0.990 41,816

LPG 3.148798 17.200 0.995 50,179
Refinery gas 2637976 15.700 0.995 46,055

Other petroleum products 2917794 20.000 0.990 40,190

Natural gas 2.173109e™% (tCO,/m?) 15.300 0.995 38,931 (kl/m’)
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In Eq. (3), EC; is the intensity of carbon emission for i province, C; denotes total car-
bon emission in i province, and G, represents GDP for i province.

2.2 Calculation method of energy intensity

Energy intensity is the energy consumed per unit of GDP, and energy intensity is an
important index of economic development. The lower the energy intensity, the healthier
the economy. The higher the intensity of energy consumption, the more energy that is
needed to produce the same GDP, which is in violation of realizing green and sustainable
economic development.

EE, = D
=G (4)

In Eq. (4), EE; means energy intensity for i province, E; means total energy consump-
tion in i province, and G, represents GDP for i province.

2.3 Estimation of the potential for CO, reduction

This paper estimates the potential of CO, emissions reduction on the basis of the
hypothesis that when the provinces whose CO, emissions was above the national aver-
age level aim to meet the national requirements, the higher part of CO, emissions is the
potential to reduce emissions. This paper presents the following formula:

PE; = G;(EC; — E)). (5)
In formula (5), PE;; means the potential of CO, emissions reduction in j year for i prov-
ince (municipality), G; is the value of GDP in j year for i province, EC;; means the carbon

intensity in j year for i province (municipality), and F; is the j year’s carbon intensity in
China.

2.4 Data sources

This paper focuses on 30 provinces and regions in China which include 21 provinces, 4
municipalities and 5 autonomous regions, and then collects the GDP, energy consump-
tion, population and other relevant data for these regions. (Taiwan, Macao, Hong Kong
and Tibet are excluded due to the lack of relevant data.) The data of energy that includes
coal, oil, gas and other energy consumption of provinces are from the China energy sta-
tistical yearbook (2010-2015). In addition, the coefficient of carbon emissions is from
the National Greenhouse Gas Inventory Guide (IPCC 2006) and the GDP in various
provinces comes from the China statistical yearbook (2008-2015).

2.5 Uncertainty analysis

This paper studies the characteristics of carbon emissions intensity and energy inten-
sity for provincial scale in China from the temporal and spatial perspective, compares
the differences of energy intensity and carbon intensity in provinces and then makes a
prediction about the potential of CO, emissions reduction in China. However, there are
some limitations, such as the lack of data in some provinces, which are not included in
this study.
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Fig. 2 The total value of carbon emission and energy consumption in China from 2000 to 2013

3 Results

By the analysis of spatial measuring method for Chinese provinces, the evolution feature
of carbon intensity and energy intensity in China is obtained from temporal and special
viewpoint, respectively.

3.1 Analysis of carbon emission intensity and energy intensity from temporal perspective
The carbon intensity and energy intensity are decreasing as shown in Fig. 1. In 2000—
2013, China’s carbon intensity gradually decreased from 3.15 tons/10* yuan RMB to
1.50 tons/10* yuan RMB with 0.127 tons/10* yuan RMB annual averagely. Moreover,
energy intensity decreased from 1.55 tons/10* yuan RMB in 2000 to 0.73 tons/10* yuan
RMB in 2013 with 0.063 tons/10* yuan RMB annual averagely. As can be seen in Fig. 2,
from 2000 to 2013, the total amount of carbon emissions and energy consumption is on
the rise, and growth rate is decreasing; it shows that GDP growth rate has exceeded the
growth of energy consumption and carbon emissions.

The trend of the carbon intensity and the energy intensity is similar as can be seen
in Fig. 1. The reason is that energy structures, technological levels, climate characteris-
tics and other possible conditions nationally are ignored. The change trend of the total
amount of energy consumption and CO, emissions in Fig. 2 is also roughly consistent,
and there is a significant declination in energy consumption and CO, emissions. Since
energy used is bound to produce CO,, their change tend is approximately similar. But
the impact of energy combustion and energy structure can lead to inconsistent trends.
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There is a significant downward trend in the growth of energy consumption and carbon
emissions, indicating that the potential for energy conservation and emission reduction
in China is huge, and energy consumption and carbon emissions will reach its peak.

3.2 Analysis of carbon emission intensity and energy intensity from the spatial perspective
3.2.1 Spatial characteristics of energy intensity

By ArcGIS software, the analysis of the energy intensity for Chinese provinces (except
for Tibet, Taiwan, Hong Kong, Macao) has been conducted in this paper and the spatial
distribution of energy intensity for China’s provinces in 2000, 2005, 2008, 2013 is shown
in Fig. 3. Based on the clustering analysis for ArcGIS system, the Chinese provinces
fall into five classes with different colors representing different energy intensities. (The
color of Tibet, Taiwan, Hong Kong and Macao is blank due to lack of data as mentioned
above.)

It can be concluded that energy intensity presents the characteristics of lower from
north to south in the spatial distribution. And the spatial distribution of energy intensity
in the different provinces of China is obviously different. In 2000, the energy intensity of
Guizhou, Ningxia and Shanxi was the highest followed by Qinghai. Then the following
are the Xinjiang, Inner Mongolia, Liaoning, Jilin, Hebei, Heilongjiang, Guangxi and most
of the central south region such as Jiangxi, Shandong, etc. The lowest energy intensity is
the Hainan, Guangdong and Fujian as well as southeast coastal provinces. In 2005, the
highest energy intensity was Ningxia, Qinghai and Shanxi. It still presents the spatial dis-
tribution characteristics of energy intensity of lower from north to south, and the energy
intensity of the southeast coastal areas remains the lowest. While the energy intensity
decreased in Zhejiang, Jiangsu and Shanghai, in 2008 the intensity of energy consump-
tion still presents the characteristics of lower from north to south in the spatial distri-
bution. And Qinghai, Ningxia, Shanxi and Guizhou have the relatively higher energy
intensity. In 2013, the energy intensity of Guizhou, Qinghai, Ningxia Hui and Shanxi is
decreased, and the most energy-intensive areas have changed into Guizhou and most

Fig. 3 The spatial distribution for the intensity of the energy consumption in China in a 2000, b 2005, ¢ 2008,
d 2013
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northern regions except for Heilongjiang, Jilin and Liaoning. This shows that the trend
of lower from north to south is more obvious, and the national energy intensity is fur-
ther declining.

Besides that, the trend for intensification of energy intensity in China is stronger and
stronger. The southeast coast is a gathering area of low energy intensity, and the north-
west region is becoming a gathering area of high-energy intensity. Furthermore, there is
a significant decline in energy intensity from time to time. Overall, China’s overall energy
consumption intensity shows a significant decline. The decline of Qinghai, Ningxia,
Shanxi and Guizhou was the most significant.

3.2.2 The spatial evolution of carbon intensity

As for the intensity of CO, emissions, the analytical method is the same as that of the
energy intensity as mentioned above. The analysis of the CO, emissions intensity for
Chinese provinces (except for Tibet, Taiwan, Hong Kong, Macao) has been conducted
by ArcGIS software for China’s provinces in 2000, 2005, 2008, 2013 from the temporal
and spatial perspective as shown in Fig. 4. Based on the clustering analysis for ArcGIS
system, the Chinese provinces fall into five classes with different colors representing dif-
ferent energy intensities. (The color of Tibet, Taiwan, Hong Kong and Macao is blank
due to lack of data as mentioned above.)

As can be seen in Fig. 4, the CO, emissions intensity shows the characteristic of lower
from north to south in the spatial distribution. And the areas with the highest carbon
intensity in 2000 include Shanxi, Guizhou and Inner Mongolia, followed by Chongqing,
Jilin, Liaoning, and the lowest is Hainan and Fujian. In 2005, it still showed the charac-
teristics of lower from north to south. And the CO, emissions intensity of Ningxia was
the largest, while many provinces in China, especially in the northwest and southeast,
have been declined significantly. The pattern of spatial distribution still appears in 2008,
and the relative ranking of provinces has not changed too much. Furthermore, the spa-
tial distribution of CO, emissions intensity in 2013 has not changed much, while there is

- 10

Fig. 4 The spatial distribution for the intensity of the carbon emissions in China in a 2000, b 2005, ¢ 2008, d
2013
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Table 2 The energy intensity in various provinces in 2013(unit: tons/10% yuan RMB)

Province 2000 2005 2008 2009 2010 2011 2012 2013
Ningxia 0.31 8.50 6.26 593 555 6.46 573 551
Shanxi 9.23 6.86 5.08 5.11 442 391 3.85 3.86
Xinjiang 4.79 3.88 3.28 367 3.08 307 335 347
Inner Mongolia 7.56 6.16 4.84 4.56 4.10 418 391 343
Guizhou 8.17 7.26 459 472 4.16 3.70 3.36 2.88
Hebei 4.66 4.59 346 335 317 296 2.69 2.70
Gansu 549 435 3.27 2.98 3.07 2.76 2.71 2.52
Qinghai 4.56 3.65 3.10 3.10 237 2.19 2.35 2.25
Anhui 3.88 295 2.54 2.50 2.12 1.89 1.83 1.78
Heilongjiang 3.85 2.87 2.38 237 213 1.97 197 1.78
Liaoning 457 347 2.72 267 242 2.05 1.85 1.77
Yunnan 2.72 3.84 2.87 3.02 2.68 2.31 2.06 1.75
Jilin 4.56 396 2.79 2.55 2.33 222 1.93 171
Shanxi 3.55 3.1 2.26 2.28 2.16 1.92 1.81 1.62
Henan 3.15 3.18 241 2.31 2.19 2.04 1.76 1.50
Guangxi 2.74 248 1.89 1.96 1.80 1.64 1.57 145
Shandong 2.28 3.03 2.26 2.12 1.96 1.77 1.68 1.38
Jiangxi 266 238 1.87 1.85 1.56 140 1.26 1.37
Sichuan 2.62 2.30 1.83 1.86 1.77 144 1.39 1.30
Hubei 3.20 2.87 2.24 2.12 203 1.90 1.65 1.25
Hainan 1.69 1.83 1.65 1.63 1.40 1.80 1.30 1.24
Jiangsu 2.32 2.13 1.60 1.50 1.40 1.29 1.21 1.16
Hunan 2.09 2.72 1.96 1.83 1.59 145 1.27 1.10
Chongging 447 2.35 2.18 2.04 1.78 1.60 145 1.10
Tianjin 357 2.29 1.65 1.63 1.49 1.35 1.23 1.09
Fujian 144 1.94 1.56 1.56 1.37 1.37 1.20 1.06
Zhejiang 2.18 1.91 1.54 147 1.29 117 1.09 1.00
Shanghai 2.60 1.72 1.28 1.20 1.10 1.04 0.97 0.93
Guangdong 2.07 1.52 1.13 1.1 1.02 0.98 0.88 0.79
Beijing 2.85 1.32 0.89 0.83 073 0.58 0.54 047

a downward trend in the intensity of CO, emissions across the country, and the distribu-
tion of the north higher than south is more obvious.

In addition, the intensity of carbon emission shows the characteristics of accumula-
tion. The general characteristic is that the north is lower than the south and the north
region is a gathering area of high CO, emissions intensity and the south region is in
converse situation. And it could be clearly to find that the amount of provinces with
low CO, emissions intensity is increasing from 2000 to 2013 which is in line with the
reduction in China’s carbon intensity over time. In addition, China’s carbon intensity has
dropped clearly from time to time, and Ningxia, Shanxi and Guizhou have made signifi-
cant contributions.

3.2.3 China’s carbon emission reduction potential

By ordering the energy intensity for various provinces in 2013 as shown in Table 2, it is
concluded that the carbon intensity of Ningxia, Shanxi, the Xinjiang, Inner Mongolia,
Guizhou Province, Hebei, Gansu, Qinghai, Anhui, Heilongjiang, Liaoning, Yunnan, Jilin
and Shanghai is higher than the national average level. Therefore, these provinces are the
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Table 3 The emission reduction potential of provinces and cities based on the 2013

2013 GDP (100 million Carbon intensity can be reduced Emission
yuan) (tons/10% yuan) reducing
potential (Mt)

Ningxia 2577.57 4.01 103.34
Shanxi 12,665.25 236 298.86
Xinjiang 8443.84 1.97 166.07
Inner Mongolia 16,916.50 1.93 327.04
Guizhou 8086.86 1.38 111.90
Hebei 28,442.95 1.20 34222
Gansu 6330.69 1.02 64.61
Qinghai 2122.06 0.75 15.94
Anhui 19,229.34 0.28 53.90
Heilongjiang 14,454.91 0.28 4047
Liaoning 27,213.22 027 73.26
Yunnan 11,832.31 0.25 29.23
Jilin 13,046.40 0.21 27.14
Shaanxi 16,205.45 012 19.19
Total - - 1673.17
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Fig. 5 The potential of CO, emission reduction in different provinces

focus of energy conservation and emission reduction. The potential for CO, reduction
for provinces is shown in Table 2.

As can be seen from Tables 2 and 3, the potential of CO, emissions reduction in China
is great with 1673.17 million tons. And Fig. 5 clearly shows that Shanxi, Inner Mongolia
and Hebei have the biggest potential for emission reduction with 298.86 million tons,
327.04 million tons and 342.22 million tons, respectively. From Fig. 6, it is obvious to
find that the total CO, emissions reduction potential of Shanxi, Inner Mongolia and
Hebei takes up more than half of the national CO, emissions reduction potential. Thus,
these areas have a great potential to reduce emissions due to the industrial base or large

amount of energy, especially coal resources.

4 Discussion

From Fig. 1, it is clear to learn that the change trend of energy intensity and carbon emis-
sions intensity is roughly same from the national perspective. Furthermore, there are
distinct differences in energy intensity and carbon intensity among different provinces in
2000, 2005, 2008 and 2013 by comparing Figs. 3 and 4 from the temporal development
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and spatial distribution that results in the different regional climate characteristics,
energy structures and the technical conditions.

Firstly, the climatic features can greatly influence the relationship between the energy
intensity and the carbon intensity because of the climate in the northern region which
needs more heat to withstand the cold, and the amount of heat dissipation is relatively
more. Secondly, the availability of energy is different with the different areas, and the
energy structure varies greatly. Different types of energy have different coefficients of
CO, emissions, which can affect energy intensity and emissions intensity. Finally, as for
technical conditions, there are great differences in different regions due to the differ-
ent development levels of economy and technology. When the area is developing fast,
the technical conditions are relatively high and then the loss of heat can be reduced and
make energy combustion more fully. It can also change the relationship between energy
intensity and CO, emissions intensity.

5 Conclusion and recommendation

5.1 Conclusion

This paper studies the carbon emissions intensity and energy intensity for Chinese dif-
ferent provinces from temporal development and spatial distribution during 2000 to
2013 and compares the energy intensity and carbon intensity among different provinces.
And the prediction of CO, emissions reduction potential is obtained in this paper to
find out the provinces which have the great potential for CO, emissions reduction and
should be paid more attention. The following conclusions are drawn:

1. The carbon intensity and energy intensity in China are generally declining.

2. The overall carbon emission intensity and energy intensity in China are broadly in
line, which is in consistent with emissions from energy sources.

3. The energy intensity and the intensity of carbon emissions in China indicate that
the spatial characteristics of lower from north to south in CO, emissions and energy
consumption, and the spatial agglomeration for energy used and emissions is also
revealed.
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4. The energy intensity and carbon emissions intensity for different provinces have
great differences in temporal and spatial distribution characteristics, which lie in dif-
ferent climate characteristics, energy structure and the technical conditions.

5. China still has great potential for energy conservation and carbon emission reduc-

tion.

5.2 Recommendation

Though in the comprehensive analysis, it is obvious to find that the characteristics of
carbon emissions intensity and the energy intensity in China, namely the carbon emis-
sions and energy consumption, have increased from time to time, growth rates are
declining, and the intensity of carbon emission and the intensity of energy consump-
tion are decreasing. From the spatial distribution, it can be seen that carbon emissions
intensity and energy intensity in China present a situation that is lower from north to
south, and the trend is more and more obvious as time goes on. The spatial and temporal
desynchronization of energy intensity and carbon emission intensity is mainly affected
by climate characteristics, energy structure and technological conditions. In view of the
phenomenon, this paper proposes the following recommendation to realize sustainable
development for China:

1. Due to the huge emission reduction potential in China, China should pay more
attention to the energy conservation and emissions reduction resolutely.

2. Aslong as reasonable measures are taken, the goal of energy conservation and emis-
sion reduction can be realized in China in order to sustainable and healthy economic
development because the energy consumption and carbon emissions will gradually
peak.

3. Different regions should adopt different measures for energy conservation and emis-
sion reduction. For example, the areas having low technology should improve the
conditions of technology; the energy mix should be adjusted in areas where energy
structure is not reasonable; clean and renewable energy can be used in northwest
China, such as geothermal, wind, solar, biomass, for sustainable development of

energy.
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