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Abstract. The decomposition quantitative model of household energy-related carbon emission in

Guangdong is established based on the extended Kaya identity with the Logarithmic Mean Divisia Index
(LMDI) method. Influence factors of household energy-related carbon emission are decomposed into five
factors. Main results show that total household energy-related carbon emissions in Guangdong province

show increase trend from 1995 to 2016. Electric power consumption is the biggest source of household
energy-related carbon emission. The results of decomposition show that population size is the first promote

factor to household energy-related carbon emission in 1996-2004. Energy use level become the first
promote factor in 2005-2016. Carbon emission coefficient show reduction effect, which is the first inhibit
factor to energy-related carbon emission. Finally, two effective means to reduce household carbon

emissions are given to Guangdong province.

1 Introduction

Consumption is one of the three main driving forces
(exports, investment and consumption) of economic
development [, Residents’ consumption is an important
part of consumption, which together with government
consumption and investment and net exports constitute
the entire national economy. With the energy issue and
global warming becoming the hot topic of international
society, the domestic and foreign scholars carried out
most researches on the field of production to make
scientific and effective carbon emission reduction
measures in production department. But many researches
show that energy consumption and carbon emissions in
household of some developed countries increase year by
year in recent years, even surpassed energy consumption
and carbon emissions in production department (>4,
Energy - related carbon emissions from households are
becoming increasingly important.

China is in the crucial stage of residents’
consumption growth and consumption upgrade, with the
high-speed development of social economy and the
advancement of urbanization, energy consumption and
carbon emissions caused by resident’s consumption will
increase year by year. For example, Wang and Shi [*
show that the percentage of CO, emissions caused by
China’s household consumption and total CO, emissions
increased from 19% in 1995 to 30% in 2004. Liu et al. [%]
show that CO, emission from household consumption
accounted for more than 40% of total carbon emissions
in China in 1992-2007. So there will have a larger
carbon reduction potential in the field of resident’s life, it
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is also one of the most important field of carbon
emission reduction in our country. Ji et al. "l show that
total and per capita carbon emissions in urban and rural
areas increased rapidly in the past ten years (2003-2012).
Even though it is difficult to promote energy
conservation and emissions reduction technology ,
products and concept in the field of household energy
use as a result of residents’ energy consumption and its
carbon emissions is dispersed.

Direct energy consumption is the main source of
household energy-related carbon emissions. The recent
researches are mostly to measure and evaluate direct and
indirect household energy-related carbon emissions (4812,
but quantitative study on the influence factors of direct
household energy carbon emissions is not enough. There
are insufficient in existed quantitative study on the
influence factors of direct household energy carbon
emissions. Chen et al. [ and Zhong et al.l'¥ have
decomposed residents household energy-related carbon
emissions in China into population (or family)scale, per
capita(or per household) income level, energy intensity,
energy structure, energy carbon emission coefficient by
LMDI (Logarithmic Mean Divisia Index) method.
However, it is questionable in these two papers that they
take the ratio of the energy consumption and the total
income as “energy intensity” of household department,
and have the same mean with “energy intensity” of
productive department, which is the ratio of the energy
consumption and Gross Domestic Product (GDP) of
productive department. Wang!!'® decomposed residents’
household energy-related carbon emissions in china into
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carbon emission coefficient, energy structure, energy
prices, energy consumption expenditure proportion, the
per capita consumption expenditure level, urban and
rural structure of population, and population size. In this
paper, it is ok that they take carbon emissions coefficient
of the coal, oil, natural gas as constant, but it is
inappropriate that regard carbon emissions coefficient of
electric power as a constant, too, because the carbon
emissions coefficient of electric power will change with
the change of structure of electricity generation and fuel
structure of power generation in the upstream.

Though the influence factors of China household
energy-related carbon emissions are decomposed more
and more detailed in above researches, there are still
main insufficient points that the existing research is still
stay at the national scale. There are obvious regional
differences in regional economic development level,
resident’s consumption patterns and consumption habits
in China. So it is needed to carry out related research on
factor decomposition of household energy-related carbon
emission in regional level, to explore the influence
factors with regional characteristics.

In view of this, Guangdong province, which has the
greater population size, fastest grow speed of
industrialization and urbanization in south China, is
selected as research object in this study, and the
decomposition quantitative model of household energy-
related carbon emission in Guangdong is established
based on Kaya identity. The results can not only guide
residents to have low carbon life with reasonable
consumption patterns in Guangdong province, but also
have a certain reference to the low carbon economy
development of other areas in China, and provide
decision-making basis for the relevant government
departments to make scientific and effective carbon
emission reduction measures in household department.

2 Methodology and data sources

2.1 Calculation of household energy-related
carbon emission

C=22.C=22Ex/,
s M

Where, C is carbon emissions from household energy
consumption, i is the type of energy, i=1, 2, 3, 4,
represents coal, oil, gas and power, respectively, j is the
type of resident, j=1,2, represents urban resident and
rural resident, respectively, Ej; represent consumption of
energy i by j resident, and f; is carbon emission
coefficient of energy i. electric power occupies a larger
proportion in the total household energy consumption, so
this article will incorporate the electric power production
carbon emissions into resident’s consumption carbon
emissions according to electric power consumption of
residents, that is, electric power will be directly included
in the household energy consumption as carbon emission
energy.

It is difficult to distinguish the type of electric power
in household consumption in detailed, this article will
use average carbon emission coefficients (Coeayer) of

electric power generation to calculate carbon emissions
caused by resident’s consumption. Coefficients can be
calculated by formula (2).
DX Ex Sy LEXS,
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Where, T. is total amount of electric power
generation, i is the type of energy, k is the type of
electric power generation. At present, the type of electric
power generation of Guangdong are thermal power,
hydropower, wind power and nuclear power,
etc .Thermal power is the source of carbon emissions,
hydropower, wind power, nuclear power and other basic
belong to zero carbon emission energy. So the electric
power carbon emission only means carbon emission of
thermal power generation in the formula (2), so £=1.
Carbon emission coefficients of coal, oil, gas are
0.7476tC/tSCE (ton carbon/ton standard coal equivalent),
0.5825 tC/tSCE, 0.4435 tC/tSCE, respectively. Average
carbon emission coefficients of electric power generation
can be seen from Table 1.

Table 1. Average carbon emission coefficients of electric
power generation in 1995-2011

Coeaver Coeaver Coeayer
1995 | 1.53 2003 1.28 | 2011 1.46
1996 | 1.56 2004 1.55 | 2012 1.37
1997 | 144 2005 1.56 | 2013 1.37
1998 | 1.49 2006 1.52 | 2014 1.27
1999 | 1.54 2007 1.53 | 2015 1.23
2000 | 1.52 2008 1.48 | 2016 1.17
2001 1.53 2009 1.43
2002 | 1.53 2010 1.44

Note: the unit of Coeaer is ton carbon/ton standard coal
equivalent (tC/tSCE)

2.2 Decomposition model of household energy-
related carbon emission—based on kaya identity

C:Zzgx&xﬂxﬁxP:ZZ]&.Xsﬁxl,.xdep

T5E, E, P P 4 3)
Where C, i, j have the same mean with that in formula
(1),C; represent carbon emission of energy i by j
resident. Ej; represent consumption of energy i by j
resident. P; represent population size of j resident. P is
total population. f;; represent carbon emission coefficient
of energy. s; is the proportion of i energy in the energy
consumption of j resident, i.e. energy structure. /; is the
energy consumption of per capita of j residents, i.e.
energy use level. d; is the proportion of j resident in total
population, i.e. urban and rural structure of population. p
is total population size.

The LMDI (Logarithmic Mean Divisia Index)
method is widely used in decomposition of influence
factors of energy-related carbon emission for that it can
satisfy the requirement of factor reversible and the
residual item eliminated, which makes the model more
convincing [16]. So LMDI method is also used in this
article.
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Take the year 1995 as the base time, set the total
carbon emission in base time is Cpand in T time is Cr,
AC; is the change of T time to base time, there is,

AC, =G =G 4)

We decompose ACy into five different factors, the
expression for the contribution values of the five
decomposed factors of energy-related carbon emissions
from the household sector are as follows.
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Where, InC"; ~InC’; , andACp;, ACy;,AC;,ACy;,
AC, are the contribution values of each factor to

total carbon emission by the changes of carbon emission

coefficient, energy structure, energy use level, urban and
rural structure of population, population size,
respectively. Total change of carbon emission can be
expressed as below.

AC,,, =C,—C,=AC i + ACS[[ + AClj + ACdf +AC,

Y
(10)

2.3 Data sources and processing

The energy data used in this paper are quoted from
Energy Balance Sheet of Guangdong Province in the
China Energy Statistical Yearbook (1996-2017). Other
data come from the Statistical Yearbook of Guangdong
Province (1996-2017) and Statistical Yearbook of china
(1996-2017). The year 1995 is set as baseline year in
LMDI method in this article.

3. Results and discussion

3.1 Analysis on total household energy-related
carbon emission

The estimated results show that the total household
energy-related carbon emissions in Guangdong province
increase from 5.72 million ton in 1995 to 23.83 million
ton in 2015, and decline slightly to 20.75 million ton in
2016. It accounts for about 16% of the total energy-
related carbon emission in Guangdong.

See from urban and rural structure of carbon
emission (Fig.1), carbon emission from urban
households increase from 3.79 million ton in 1995 to
13.43 million ton in 2016,it accounts for about 65% of
the total household energy-related carbon emission, it is
far greater than carbon emission from rural households.

Table 2. Total household energy-related carbon emission
during 1995-5016

Urban Rural Total
1995 3.79 1.93 5.72
1996 4.10 2.23 6.33
1997 4.05 2.20 6.25
1998 4.30 2.34 6.64
1999 4.49 2.64 7.13
2000 4.78 2.75 7.53
2001 5.17 3.02 8.18
2002 5.31 3.11 8.42
2003 5.54 2.98 8.52
2004 6.54 3.58 10.13
2005 8.22 3.98 12.20
2006 8.65 4.25 12.90
2007 9.81 4.73 14.54
2008 10.11 5.43 15.54
2009 10.72 5.83 16.55
2010 11.42 6.12 17.54
2011 13.59 7.56 21.15
2012 12.49 7.66 20.15
2013 13.57 7.52 21.09
2014 14.25 7.71 21.97
2015 15.21 8.62 23.83
2016 13.43 7.33 20.75

Note: the unit is million ton carbon
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Fig.1. Urban and rural structure of household energy-related
carbon emission during the year 1996-2016

See from energy structure of carbon emission (Fig.2),
oil and electric power consumption are main source of
carbon emission, the proportion of sum carbon emission
of oil and electric power in household energy-related
carbon emissions increased from 72.1% in 1995 to
92.5% in 2016. Among them, the proportion of electric
power carbon emissions increase year by year, mainly
because the proportion of coal in thermal power
generation increase from 66.8% in 1995 to 94.8% in
2013 and decline to 90% in 2016 slowly (Fig.3) . Thus it
can be seen that electric power generation of Guangdong
is still in the direction of high carbon emissions, energy
structure of electric power generation has been
optimized from 2014. Even so, electric power
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consumption is still the first emitters in the household
energy-related carbon emissions.
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Fig.2. Energy structure of household energy-related carbon
emission during the year 1996-2016
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Fig.3. Energy structure of thermal power generation during the
year 1996-2016

3.2 Decomposition analysis on influence factor
of household energy-related carbon emission

See from the results of decomposition, we draw two
conclusions: (1) Energy structure (except in 1996-1997),
energy use level, urban and rural structure of population,
population size have promoting effect on household
energy-related carbon emissions (Fig.4). Among them,
population size has the largest contribution to the
increase of carbon emission in 1996-2004, which is the
first promoting factor to household energy-related
carbon emission, followed by energy use level. But in
2005-2016, energy use level effect exceeds population
size and becomes the first promoting factor. Carbon
emission coefficient shows reduction effect, which is the
first inhibiting factor to energy-related carbon emission.
(2) See from the time series change of contribution
values of various decomposition factors, there is larger
fluctuation in 1997 and 2003 for most of decomposition
factors. That is because, in 1997, the Asian Financial

Crisis originated in Thailand is undoubtedly a fatal blow
to Guangdong where economic development mainly
relies on exports and investment. Meanwhile, some
deep-seated contradictions formed in the rapid
development of Guangdong since reform and opening up
began to surface gradually during this period. Both
reasons lead to economic growth rate of Guangdong
declining year by year, until 2000, it began to rise again.
This shows that economic shocks have impact on the
residents’ household consumption through it influence
on various decomposition factors. And in 2003,
Severe Acute Respiratory Syndrome (SARS) started in
shunde district of Foshan city, Guangdong province, and
spread to the whole country quickly, this caused a
nationwide panic and affected the people’s life seriously,
especially in Guangdong province.
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Fig.4. Change trends of contribution values of five influence
factors during the year 1996-2016

1 Carbon emission coefficient effect

Carbon emission coefficient shows reduction effect
during the research period in most of the time. The
contribution of carbon emissions coefficient main comes
from the change of the average carbon emission
coefficients of power generation. During the research
period, average carbon emission coefficients of power
generation shows fluctuating trend during the year1995-
2005, and shows steady downward trend during the year
2006-2016(Fig.5). The contribution values also show
irregular change trend in 1996 to 2005 (Fig.6), and show
steady downward trend during the year 2006-2016. This
indicates that reduction effect of carbon emission
coefficient become stronger and stronger since 2006.
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Fig.5. Change trends of average carbon emission coefficients
during the year 1996-2016 Fig.7. Change trends of contribution values and contribution
rates of energy structure to carbon emission during the year
1996-2016

S 9 LR oo residents for green travel, on the one hand,

A aaaaaaaa government should encourage people to take public
transportation, on the other hand, they should improve
the supply ratio of diesel fuel and gasoline fuel with low
carbon and low sulfur, reduce carbon emissions of the
whole transportation field. In terms of electric power
consumption, relevant departments should on the one
hand, enhance the adjustment intensity of the energy
structure of thermal power generate, increase the
-60 proportion of clean energy, such as wind, hydro and
4 _80 nuclear power, to reduce the carbon emission of unit
electricity. On the other hand, take necessary measures to
stop residents’ bad habit of waste on the electricity,
advocate economical living concept to save electricity.
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Fig.6. Change trends of contribution values and contribution Finally made the effect of energy structure to carbon
rates of average carbon emission coefficients during the year emissions could turn to reduction from increase.
1996-2016 (3) Energy use level effect
(2)Energy structure effect Energy use level show reduction effect during the
Energy structure show reduction effect in 1996-1997, year 1998-2000, and show increase effect during the year
and turn to carbon emissions increase effect in 1998- 1996-1997 and during the year 2001-2016 (Fig.8).
2016(Fig.7). The classification of household energy in
this article is not the same as before research, so this =e=Calizibuticn valnes. «=S—=Contribution st

conclusion does not agree with previous research results.
Previous research results show that the energy structure
show carbon emissions reduction effect. This article
treats electricity as direct source of carbon emissions, the
power becomes high carbon energy as coal. This leads to
high proportion of high carbon energy in household
energy consumption (Fig.2). The change of energy
structure did not have carbon reduction effect, but make
carbon emissions increase gradually, the contribution 2
value is 2.87 million ton in 2016.
See from contribution rates of energy structure to

total increment of carbon emission (Fig.7), the rate . " ds of buti | d ibuti
increase from12.6% in 1998 to 24.6% in 2000, and Fig.8. Change trends of contribution values and contribution

decrease t010.9% in 2005 year by year, after then, the rates of energy use levelltggc gfgg&emimon during the year

contribution rates fluctuate at 13%. This indicates that

increase effect of energy structure is weakening year by Its contribution values decrease from 0.46 million ton

year during 2000-2005, then stay at a stable level during in 1996 to -0.37 million ton in 2000, and then increase

the year 2005-2016. So household energy structure from 0.07 million ton in the year 2001 to 10.83 million
ton in the year 2015, and decline slightly to 7.82 million

ition rates(%)
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ton in the year 2016. Its contribution rates decrease from
75% in the year 1996 to -20.7% in the year 2000, and
then increase from 2.95% in the year 2001 to 59.8 in the
year 2015, and decline slightly to 52% in the year 2016.

(4) Urban and rural structure of population effect

Urban and rural structure show increase effect during
the year 1996-2016.Increment of carbon emission caused
by the change of urban and rural structure of population
increase from 0.19 million ton in 1996 to 1.53 million
ton in 2016, its contribution rate decline from 70.2% in
1997 t010.2% in 2016 year by year (Fig.9). It can be
seen that the impact of the change of urban and rural
structure of population on household energy carbon
emissions should not be ignored. As a result of the urban
residents energy use level is higher than that of rural
residents, the improvement of urbanization level, that
represented by the change of urban and rural structure of
population, overall promote residents household energy
carbon emissions of Guangdong growth in a certain
extent. The contribution rate of the change of urban and
rural structure of population on carbon emission
decrease year by year, which indicates that with the
improvement of urbanization level, the gathered of urban
population bring scale economy for the use of public
goods and coupled with changes in life style and
technology diffusion, the impact intensity of the change
of urban and rural structure of population on household
energy carbon emissions become weaker.
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Fig.9. Contribution values and contribution rates of urban and
rural structure of population during the year 1996-2016

(5) Population size

The change of population size overall show increase
effect on carbon emission(Fig.10), the increment
increase from 0.07 million ton in 1996 to 5.98 million
ton in 2016, its contribution rate increase from 10.8% in
1996 to 99.4% in 1997, decline to 26.3% in 2005, then
increase to 39.8% in 2016 slowly.
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Fig.10. Contribution values and contribution rates of
population size during the year 1996-2016

4 Conclusions and policy implication

4.1. Conclusions

Based on the extended Kaya identity, the decomposition
quantitative model of household energy-related carbon
emission in Guangdong is established with the
Logarithmic Mean Divisia Index (LMDI) method,
influence factors of houschold energy-related carbon
emission are decomposed into five factors. Main results
show that total household energy-related carbon
emission in Guangdong province show increase trend
from 1995 to 2016. Oil and power consumption are two
main sources of carbon emission. See from urban and
rural structure of carbon emission, carbon emission from
urban residents account for about 65% to the total
household energy-related carbon emissions, which is
greater than rural residents.

From the results of decomposition analyze, we draw
the conclusions that energy structure (except in 1996-
1997), energy use level, urban and rural structure of
population, population size have promoting effect on
household energy-related carbon emissions. Among
them, population size is the first promoting factor to
household energy-related carbon emission in 1996-2004.
Energy use level become the first promoting factor in
2005-2016. Carbon emission coefficient show reduction
effect, which is the first inhibiting factor to energy-
related carbon emission.

4.2. Policy implication and suggestions

There are two most effective measures to realize
household energy-related carbon emission reduction
according to analysis results.

) Adjusting  household  energy
improve the efficiency of power utilization

Electric power consumption is main source of
household carbon emission which proportion increased
from 36.9% in 1995 to 621.4% in 2016. Electric carbon
emission mainly come from thermal power generation,

structure,
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so it will be an effective means to reduce household
carbon emissions by strengthen the adjustment on the
energy structure of thermal power generation, increase
the proportion of clean energy, such as wind, hydro and
nuclear power, reduce the carbon emission of unit
electricity. On the other hand, it also will be an effective
means to reduce household carbon emissions by
installing household energy intelligent system, use high -
tech technology to save electricity. Finally, what we
hoped to get is the effect of energy structure on carbon
emissions could turn to decreases from increase by these
measures.

(2)Optimizing urban and rural structure of population

With the improvement of urbanization level, the
gathered of urban population bring scale economy for
the use of public goods, and coupled with changes in life
style and diffuse of technology, the impact intensity of
the change of urban and rural structure of population on
household energy carbon emissions is more and more
weak, therefore, government should further optimize
urban and rural structure of population, to promote the
role of economies scale show up as soon as possible.
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