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Abstract. To make clear the relationship between the macroeconomic driving factors and the carbon
emission (CE) of energy consumption (EC) in China, we first computed this CE during 2000-2014
and then analyzed the corresponding drivers by the Logarithmic Mean Divisia Index (LMDI) method.
The results show the economic scale effect was the biggest driver. Its promoting effect was 12.69 Bt
and the corresponding contribution was 163% during 2000-2014. The energy intensity‘s effect was
the second largest but negative driver, with the mitigating effect of 4.6 Bt and inhibiting contribution
of 59%, respectively. However, the effects of industrial structure and energy mix were very small,
although all negative (mitigating). The energy mix was the last one, with the mitigating effect
(contribution) of only 0.09 Bt (1%). From three different periods (2000-2005, 2005-2010 and
2010-2014), the industrial structure effects (contributions) were 0.13 Bt (5%), -0.06 Bt (-2%) and
-0.59 Bt (-22%)), respectively. This indicated the related policies of industries’ structural adjustment
have started to put up an obvious (despite of not big) impact on reducing the EC and corresponding
CE in China, especially in 2010-2014. The similar results can also be gotten from the point view of
the three different industries, especially in the secondary industry. So, based on these, some scientific
policy suggestions for the low carbon and sustainable development in China were recommended.

Introduction

With the rapid development of economy and society, more and more fossil fuels (or energies) are
used in the lives. So the corresponding carbon emission (CE) from energy consumption (EC) is, also,
increasingly emitted into the sky [1]. If we do not take any effective actions, the world's average
temperature will increase about 5.8 °C during the next 100 years [2]. This poses a huge threat to global
sustainable development [3]. Thus, we can easily conclude that it is necessary for us to study the CE
and its relative drivers more thoroughly in order to bring forward some efficient measures for solving
this problem.

China, the world’s largest developing country, has already become one of the top energy consumer
as well as the top COz emitter in the world [3]. It was reported that China had discharged 7.9Gt CO2 in
2012, which was the biggest share and about a quarter of worldwide emissions at that time [4, 5].
Since 2008, it has contributed about 80% for the world’s rise of CE [7, 8]. Therefore, it is an essential
and the key work to more deeply study the CE and the corresponding drivers in China.

In the other sides, the Logarithmic Mean Divisia Index (LMDI) model has been considered as a
perfect method [8], because it has some outstanding properties such as strong theoretical foundation
(e.g., no unexplained residuals), the high adaptability, the ease of use, and so on.

So, this LMDI model mentioned above was chosen in this paper, based on the data availability and
the problem’s importance, for analyzing the CE of the EC in the years of 2000-2014 in China.
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Data and methods

Data sources: The data of EC and CE estimation are from China Energy Statistics Yearbook, China
Statistics Yearbook [6] and relevant bulletin, etc.
Method of CE estimation: The method used in this study is from the article [7].
LMDI model: Based on the article [2], the LMDI model can be expressed as the follows. First, the
CE is abbreviated as C in the Eq. 1 and it is considered as the accumulation of four parameters:
- . Yi Ei C:i

C Zc Z[YXYXYXE] (D)
where C denotes the total CE; Ci denotes the i industry’s CE; Y denotes the Gross Domestic Product
(GDP); Yi denotes the i industry’s GDP; Ei denotes the i industry’s energy consumption; i =1, 2 and 3.
They denote the primary industry (Pri.), the secondary industry (Sec.) and the tertiary industry (Ter.),
respectively, which are divided by the relevant department of the national statistic’s authority [6]. In
Eq. 1, we suppose:

i=1 i i
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So, the Eq. 1 can be expressed as:
3
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According to the article [7], the total C change ( A Ciot) between t years (target) and O years (base
year) can be divided into the four effects of economies’ scale (ACy), industrial structure (ACs),
energy intensity (A Ci) and energy mix (A Cr):

AC,, =C; —C, =AC, +AC +AC, + AC, 4)
where the A Cx can be expressed as the follows (here, x denotes the tot, Y, S, | and F in Eq. 4):
3 X.
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Results and analysis

Fig. 1 shows the dynamics changes of the GDP, EC, EC’s intensity (EC’s amount per unit of GDP,
EI), the total and different industries” CE in 2000-2014 in China. We can easily see the GDP was
10.03x10'2 RMB in 2000. It grew quickly up to 64.39x10'2 RMB in 2014, with an annual average
growth amount of 3.88x10'> RMB and increasing rate of 14.21% (Fig. 1a), respectively.

45 70 14 1.5 A12 1.2
A" >
40 —"‘A S0 13 299 LEE
B A N2 10 a8 a" =
230 402 > %8 082
2 & o8 095 o =
=25 302 @ S8 » 0.6 5
e N . Y
820 20% EJ) 6 0.7%’/ c;g) .' Sec. Lfl
15 A . BC 100 4 —o-CE- 058 5 4 — " Ter. . 040
GDP —=—FI = n" Pri.
10 0 2 0.3 2 0.2
2000 2007 2014 2000 2007 2014 2000 2007 2014
Year Year Year
(a) GDP and EC (b) CE and EI (c) CE of the Pri., Sec. and Ter.

Fig. 1 Dynamics changes of the GDP and EC, EI, total and different industries’ CE in 2000-2014.
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Similarly, the EC has the whole increasing trend. It was 14.70x 10® tonnes of standard coal (tsc) in
2000 and increased fast to 42.60x 108 tsc in 2014. The annual average growth amount was 1.99x108
tsc and the increasing rate was 7.90% (Fig. 1a).

However, the EI has a whole decrease trend as shown in Fig. 2b. In 2000, it was 1.47 tsc /10*RMB.
In 2014, it decreased to 0.66 tsc /10°RMB. The annual average decline amount was 0.06 tsc /10°RMB
and the decreasing rate was 5.74% (Fig. 1b). This is consistent with the results of many relevant
studies [3, 7-8].

The CE has also a whole increase. It was 3.68 billion tonnes (Bt) in 2000 and 11.44 Bt in 2014,
with an annual average growth amount of 0.55 Bt and rate of 8.4% (Fig. 1b), respectively. The total
growth of the CE is 7.76 (=11.44 — 3.68) Bt during 2000-2014, which can also be seen in Fig. 2a (A
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Fig. 2 The A Cwr, the decomposition results of drivers and their corresponding contributions in
different periods: (a) 2000-2014; (b) 2000-2005; (c) 2005-2010; (d) 2010-2014.

As shown in Fig. 2, the A Ciot, the decomposition results of drivers and their corresponding
contributions in the whole study period and different three periods are drawn based on the LMDI
model.

We could easily find that the economic scale effect (A Cy) was the biggest driver, with the CE’s
promoting effect of 12.69 Bt and the corresponding contribution of 163% during 2000-2014,
respectively (Fig. 2a). The second largest driver of ACiwt was the EI’s effect (ACi), which had
inhibited the CE’s increase of 4.6 Bt and its contribution was -59%.

We divided the whole period (2000-2014) into three different periods (2000-2005, 2005-2010 and
2010-2014) to observe unceasingly their changes and further make clear the impacts and
contributions of these macroeconomic drivers (Fig. 2b, ¢ & d).

In the three stages, the total CE’s increases were 2.47, 2.64 and 2.65 Bt, respectively. So, it can be
seen that it had a slight but not obvious growth. Similar to the whole driving effects (Fig. 1a), the ACy
was still the biggest driver, and the A Ci was the second largest driver of A Ciot. The promoting effects
(contributions) of the ACvywere 3 Bt (122%), 5.84 Bt (221%) and 4.46 Bt (169%), respectively, in the
different stages. In the same way, the inhibiting effects (contributions) of the A Ciwere 0.62 Bt (25%),
3.13 Bt (119%) and 1.18 Bt (45%), respectively (Fig. 2b, ¢ & d).
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On the contrary, the effects of industrial structure (A Cs) and energy mix (A Cr) were very small,
but all negative (mitigating), which indicated that we should also give enough attention to them.
Between the two drivers, the impact of the A Cr effect was only -0.09 Bt, and the correspondingly
mitigating contribution was no more than 1% (Fig. 2a).

In the same way, the impact of the A Cr was always the least one, and the mitigating contribution
was no more than 2% in the different three periods (Fig. 2b, ¢ & d).

However, the impact effects (contributions) of the ACs were 0.13 Bt (5%), -0.06 Bt (-2%) and
-0.59 Bt (-22%)), respectively, in different three stages. This indicated the related policies of industries’
structural adjustment have started to put up an obvious impact on reducing the EC and corresponding
CE under the strategy of national macroeconomic development, especially in recent years.

Therefore, to further identify the carbon reduction reason and find the main potential of the
industries’ structural adjustment, the drivers’ results and the corresponding contributions from the
different industries (Pri., Sec. and Ter.) in the three periods were analyzed as shown in Table 1.
Table 1 . Drivers results (107 t) and the corresponding contributions (%, numbers in the upper right of

the brackets) from different industries in three periods.

2000-2005 2005-2010 2010-2014

Var. Pri. Sec. Ter. Pri. Sec. Ter. Pri. Sec. Ter.

ACy | 5.8@4  261.5000 33703 1 722D 519090 57217 | 3 905 398 8(1503) 43 6164
ACs | -2.2009 13,40 2011860 88 4,608 | 04O 66,1629 83
ACi [ -0.9C03 40,1619 21,569 | 8,532 266100 38 7¢15) | 10D 97 335 _p5(:96)
ACE | -0.160D 6,509 2,70 1-0.1%D 260D 1.80% | 020 42010 0.20-D

ACut | 2.6:D 228302 1580 | 32019 241602 24903 | 2304 2363687 26809

On the whole, the secondary industry was the main contributor (Table 1). The accumulating
effects (contributions) of all the macroeconomic drivers from this industry were 2.28 Bt (92%), 2.42
Bt (92%) and 2.36 Bt (89%), respectively, in the different three periods (Table 1). The reason may be
arising from the industrial characteristics in itself, which had the strongest increasing trend than the
primary and the tertiary industries (Fig. 1c).

Particularly, the effects (contributions) of ACs from the secondary industry were 0.13 Bt (5%),
-0.09 Bt (-3%) and -0.66 Bt (-25%), respectively, in the different three periods (Table 1). The results
were consistent with the above and indicated the related policies of industries’ structural adjustment,
especially in the secondary industry, had the important impact on reducing the EC and corresponding
CE.

Conclusion

Using the available data of the related EC and macroeconomic indicators in 2000-2014 in China, we,
first, computed the CE and observed the dynamics changes of these variables and found there were
close influencing effects from these indicators to the CE.

Thus, to make clear the relationship between them, we analyzed this problem by using the LMDI
method. The results showed the economic scale effect was the biggest driver, with the promoting
effect of 12.69 Bt and contribution of 163% during 2000-2014, respectively. The energy intensity‘s
effect was the second largest but negative driver. Its mitigating effect was 4.6 Bt, with a
correspondingly inhibiting contribution of 59%.

However, the effects of industrial structure and energy mix were very small, but all negative
(mitigating). Among them, the energy mix was the least one. Its mitigating effect was only 0.09 Bt,
with a negative contribution of no more than 1%.

From three different periods (2000-2005, 2005-2010 and 2010-2014), we can find the industrial
structure effects (contributions) were 0.13 Bt (5%), -0.06 Bt (-2%) and -0.59 Bt (-22%), respectively.
This indicated the related policies of industries’ structural adjustment have started to put up an
obvious (despite of not big) impact on reducing the EC and corresponding CE in China, especially in
recent years.
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PRESS

To further identify the carbon reduction reason of the industries’ structural adjustment, the drivers’
results and the corresponding contributions from the different industries (Pri., Sec. and Ter.) were
analyzed. The results similar with the above, especially in the secondary industry, were gotten.
Namely, the related policies of industries’ structural adjustment, especially in the secondary industry,
had the important impact on reducing the EC and corresponding CE.

In the end, based on these findings, we could bring forward some concrete suggestions and
countermeasures for the low carbon and sustainable development in China. For example, we should
carry out unceasingly the scientific and reasonable adjustment of industrial structure, to improve
energy use efficiency and reduce the corresponding CE, such as promoting the rate of industries with
low fuel consumptions and high added value, and gradually passing out these industries with
backward fuel efficiencies, etc.
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