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Abstract: CO2 emissions caused by household consumption have become one of the main sources
of greenhouse gas emissions. Studying household CO2 emissions (HCEs) is of great significance to
energy conservation and emissions reduction. In this study, we quantitatively analyzed the direct and
indirect CO2 emissions by urban and rural households in Beijing, Tianjin, Shanghai, and Chongqing.
The results show that urban total HCEs are larger than rural total HCEs for the four megacities.
Urban total per capita household CO2 emissions (PHCEs) are larger than rural total PHCEs in Beijing,
Tianjin, and Chongqing, while rural total PHCEs in Shanghai are larger than urban total PHCEs.
Electricity and hot water production and supply was the largest contributor of indirect HCEs for both
rural and urban households. Beijing, Tianjin, Shanghai, and Chongqing outsourced a large amount of
indirect CO2 emissions to their neighboring provinces.

Keywords: household CO2 emissions (HCEs); per capita household CO2 emissions (PHCEs);
input–output model

1. Introduction

CO2 is increasing rapidly due to human activities. Cities are related to about 70–80% of the global
carbon emissions: as the main locus of human economic activities and energy consumption, cities
play an important role in implementing carbon reduction policies [1–3]. Inhabitants of cities are a
key driving force of greenhouse gas (GHG) emissions due to global urbanization development [4].
Biesiot and Noorman [5] proposed that “most of the environmental load in an economy can be
allocated to households”. The consumption of goods and services in households plays a key role for
energy use and CO2 emissions, especially for developing countries [6]. The activities of consumers
(i.e., personal transportation, personal services, and homes) accounts for 45–55% of total energy
consumption [7]. Among the key determinants of household energy requirements are socio-economic,
demographic, geographic and residential factors [8,9]. Therefore, the consumption patterns of
households differ widely within countries, because household characteristics vary (e.g., personal
income, household size and related age, the level of education). These factors usually indicate
variance in rural and urban areas, meaning that the trajectory of energy consumption in these areas
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is different [10]. As such, it is significant to study urban and rural energy consumption and CO2

emissions at a city scale.
China has promised to achieve peak CO2 emissions around 2030 and to make their best efforts to

achieve this goal earlier (National Development & Reform Commission of China, 2015). Given that
China’s regions have different resource endowments, energy structures, and economic development
levels, China has delegated emissions reduction targets to the lower administrative units [11,12].
Tackling global climate change needs to be integrated into city management [13]. Beijing, Tianjin,
Shanghai, and Chongqing, as the four municipalities of China, are the economic leaders for other
provinces and cities. Thus, these four metropolitan areas’ household CO2 emissions (HCEs) and
per capita household CO2 emissions (PHCEs) need to be studied as examples for other provinces to
make policies about energy conservation and emission reduction. On the other hand, the existing
research on HCEs at a micro level are mostly based on survey data [14], which provides useful
and detailed information for community and households. However, the indirect CO2 emissions
caused by consuming goods and services have not been considered. Park and Heo [15] quantified
the direct and indirect energy use of Korean households from 1980 to 2000 and found that the share
of indirect household energy consumption accounts for above 60% of the total energy consumption.
Markaki et al. [16] found that indirect emissions of Greek households accounted for more than 70%
of the total carbon footprint. Therefore, it is essential to evaluate the indirect CO2 emissions when
making policies for household emission reduction. In addition, due to the characteristics of survey
data, the results have great uncertainties. It may be difficult for city planners and policy-makers to
establish and implement united environmental practices. In light of the above, we adopted the data
from the National Bureau of Statistics and an input–output table in this study to estimate direct and
indirect CO2 emissions of urban and rural households in Beijing, Tianjin, Shanghai, and Chongqing.

Household energy consumption is a subject that has attracted considerable scholarly
interest. Frequently, studies of household energy consumption, household carbon/CO2 emissions,
and household carbon footprints have been springing up. Some scholars made cross-national
comparative studies. For example, Reinders et al. [17] investigated both the direct and indirect energy
use of households in 11 EU member countries. Sommer and Kratena [18], and Ivanova et al. [19]
calculated the household carbon footprint in the EU27. Lenzen et al. [20] comparatively analyzed
the energy requirements of the household sector in Australia, Brazil, Denmark, India, and Japan.
Maraseni et al. [21] compared the household carbon emissions between China, Canada, and the UK.
Kerkhof et al. [6] examined the household CO2 emissions of Netherlands, UK, Sweden, and Norway.
Brizga et al. [22] estimated the household CO2 emissions for the three Baltic States (Estonia, Latvia,
and Lithuania). Their results show that per capita household CO2 emissions (PHCEs) in developing
countries were much lower than developed countries, while the indirect energy consumption in the
sectors of housing, food, beverages, and tobacco, and recreation and culture, and hotel, cafes and
restaurants vary significantly per country.

Some research based on a national scale has also been widely studied [23–32]. For instance,
Baiocchi et al. [33] pointed out that private households accounted for 75% of the total UK CO2

emissions, whereas China’s household energy consumption was about 25% of the total final energy
consumption [34]. With the economic development and improvement of peoples’ living standards,
the share of household CO2 emissions is supposed to increase; for example, carbon footprint per
household in Norwegian increased by 26% between 1999 and 2012 [35].

There are some household CO2 emissions studies at the micro scale, such as Sydney, Australia [36],
Melbourne, Australia [1], Xiamen, China [37], Tianjin, China [38], and Noakhali, Bangladesh [10].
In China, due to the regional differences between economic structure, resource endowment, industry
structure, consumption structures and patterns, urban household CO2 emissions in eastern regions
were much larger, while the provinces in undeveloped western regions had the smallest carbon
footprint [39,40].
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The analysis of social structures and their evolution trends could inform the government planners
and households [41]. In order to find out the impacts of socio-economic factors on household CO2

emissions, many variables, such as population, affluence, energy intensity, the urbanization level,
employment rate, and the share of the tertiary industry, are considered. A large amount of research
has shown that household energy requirements, carbon emissions and carbon footprint are closely
related to income [42], level of education [43], age [36], gender [38], occupation [14], household
size [44], urbanization [45], car ownership [43], urban density [46,47], consumption patterns [48,49],
and imports [50]. Different methods, such as index decomposition analysis (IDA) [51], logarithmic
mean Divisia index (LMDI) [52], and Stochastic Impacts by Regression on Population, Affluence,
and Technology (STIRPAT)model [53,54] were adopted. More discussions can be seen in the review by
Zhang et al. [2]. However, the similarities and differences of the direct and indirect HCEs between the
urban and rural households are the focus in this study.

2. Materials and Methods

2.1. Household CO2 Emissions

Household CO2 emissions include both direct and indirect components of energy consumption.
Direct energy consumption refers to the end use of energy, such as for lighting and space heating.
Indirect energy, also referred to as “embodied energy,” is the amount of energy use throughout the
production of goods and services used by households [55,56]. The framework of household CO2

emissions accounting is shown in Figure 1.

Figure 1. The framework of household CO2 emissions accounting.

2.1.1. Direct CO2 Emissions

For direct energy consumption in Beijing’s households, we mainly consider coal, oil, natural
gas, electricity, and heat. In order to calculate CO2 emissions for a given energy type, we multiplied
its use by a carbon emission coefficient and then added up the results. Expressed mathematically,
the procedure is as follows:

DC = ∑
i

ECi•Coe fi (1)



Energies 2018, 11, 1257 4 of 17

where DC represents the direct CO2 emissions and ECi denotes direct energy consumption of each
energy variety i. Coe fi is the CO2 coefficient for each energy variety i. According to Equation (1), we
can calculate the direct CO2 emissions of urban and rural households, respectively.

2.1.2. Indirect CO2 Emissions

Based on the input–output model, a region’s indirect CO2 emissions can be obtained by

IndC = InCoe f •(I − A)−1•Y (2)

where IndC denotes the indirect CO2 emissions, InCoe f is the CO2 coefficient of each sector, I is the
identity matrix, A is the intermediate consumption coefficients, and Y is the household final demand.

2.1.3. Total CO2 Emissions

Total CO2 emissions are obtained by summing the direct CO2 emissions and the indirect CO2

emissions, as shown in Equation (3). TC represents the total CO2 emissions for urban or rural
households. We calculated both urban and rural households’ CO2 emissions in this study.

TC = DC + IndC (3)

2.1.4. Total CO2 Emissions Per Capita

Total CO2 emissions per capita are obtained by total CO2 emissions divided by the population:

PC = TC/P (4)

where PC and P denote the PHCEs and population, respectively.

2.2. Data

In this paper, energy consumption data are obtained from the China Energy Statistical
Yearbook [57] compiled by the Department of Energy Statistics, National Bureau of Statistics
(2008–2016). Direct CO2 coefficients are obtained from the IPCC report as shown in Table 1. Heat value
is adjusted according to principles for calculation of total production energy consumption in 2008 in
China. The China Multi-Regional Input–Output Table 2007 [58] and 2012 [59] are used to calculate
indirect CO2 emissions, including 30 sectors. The indirect CO2 emissions of each province at a sectoral
level are obtained from China Emission Account and Datasets (CEADs, http://www.ceads.net/).
Population data are from the Beijing Statistical Yearbook (2016) [60], Tianjin Statistical Yearbook
(2016) [61], Shanghai Statistical Yearbook (2016) [62], and Chongqing Statistical Yearbook (2016) [63],
as shown in Table 2. Due to the lack of data regarding Shanghai’s urban and rural population, its
rural population is represented by agricultural population and urban population is obtained by total
population minus its agricultural population. Although Beijing and Shanghai municipal governments
have adopted the strictest household registration system to control their population, the population
still increased to a large extent. For example, Beijing’s urban population increased by 32.6% from 2007
to 2012, while rural population increased by 12.8%.

Table 1. Direct CO2 emissions coefficients.

Fuel Unit Heat Value Carbon Content Oxidation Rata CO2 Emission Factor Unit (Kg/GJ)

Coal GJ/t 20.91 27.4 94% 94.44
Oil GJ/t 41.82 20.1 98% 72.73

Natural gas GJ/ 104 Nm3 38.93 15.3 99% 55.54
Heat - - - - 110

Electricity - - - - 873

http://www.ceads.net/
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Table 2. Population data (10,000 person).

Urban Population Rural Population

Beijing Tianjin Shanghai Chongqing Beijing Tianjin Shanghai Chongqing

2007 1416 851 1882 1361 260 264 182 1455
2008 1504 908 1966 1419 267 268 174 1420
2009 1581 958 2046 1475 279 270 165 1384
2010 1686 1034 2145 1530 276 266 157 1355
2011 1741 1090 2196 1606 278 264 152 1313
2012 1784 1152 2234 1678 286 261 146 1267
2013 1825 1207 2272 1733 290 265 143 1237
2014 1859 1248 2286 1783 293 269 139 1208
2015 1878 1278 2280 1838 293 269 136 1178

3. Results

3.1. Urban and Rural Direct HCEs

3.1.1. Direct HCEs

Direct household CO2 emissions (HCEs) of Beijing, Tianjin, Shanghai, and Chongqing are shown
in Figure 2. Beijing’s total direct HCEs increased by approximately 60% from 49.1 Mt in 2007 to 78 Mt in
2015. Shanghai’s total direct HCEs increased by approximately 47.7% from 48.7 Mt in 2007 to 71.9 Mt in
2015. The total direct HCEs in Tianjin and Chongqing were smaller than that of Beijing and Shanghai;
for example, Tianjin’s total direct HCEs were around 59% of that of Beijing in 2015, and Chongqing’s
total direct HCEs were about 73% of that in Shanghai in 2015. However, total direct HCEs of Tianjin
and Chongqing increased by 89.8% and 84.2% from 2007 to 2015, respectively.

Figure 2. Direct household CO2 emissions (HCEs).

Urban direct HCEs were much larger than rural direct HCEs for the four megacities; for instance,
Shanghai’s urban direct HCEs were more than 18 times larger than rural direct HCEs in 2015, which
accounted for about 95% of its total direct HCEs. Beijing’s rural and urban HCEs show different trends.
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These can be divided into two phases. The first phase is from 2007 to 2011. During this phase, both
rural and urban direct HCEs kept a similar increasing trend. However, they have showed different
trends since 2012. Urban direct HCEs increased sharply in 2012. After that, they kept increasing
steadily. On the contrary, rural direct HCEs declined significantly in 2012, then remained about the
same. Tianjin’s urban direct HCEs increased rapidly during 2007–2015 with an annual increase rate
of 9%, while the annual increase rate of rural direct HCEs were 7%, whereas Chongqing’s urban and
rural direct HCEs kept the same annual increase rate, which was 8%.

3.1.2. Direct Energy Consumption Structure

Energy consumption structure for direct HCEs are shown in Figure 3. The energy consumption
structure of Beijing’s urban households remained stable from 2007 to 2015. By contrast, rural
households’ energy consumption structure had a large fluctuation during 2008–2011. Due to the
global financial crisis, coal prices rose sharply [64]. The coal consumption of rural households dropped
significantly. In 2011, the share of coal was only 20.6%. After the financial crisis, coal consumption rose
and stayed stable with a relatively lower coal price. Heat consumption in Tianjin’s urban households
accounted for 26–29% of their total direct energy consumption, which was much higher than Beijing.
It is unexpected to find that the oil consumption of Shanghai’s rural households accounted for about
one third of their total direct energy consumption. After the financial crisis, the share increased to
more than 60%. By contrast, the household energy consumption structure in Chongqing was cleaner.

Figure 3. Energy structure of direct HCEs.

3.1.3. Direct PHCEs

Direct PHCEs in Beijing, Tianjin, Shanghai, and Chongqing from 2007 to 2015 are shown in
Figure 4. It is interesting to find that the direct PHCEs of rural and urban households were getting
close in the last three years for the four cities. For example, direct PHCEs of Beijing’s rural households
were larger than that of urban households. In 2011, the former was 2.85 times larger than the latter.
Since 2012, PHCEs of urban and rural household were about 1 ton of CO2 (tC) per person, which is the
smallest. PHCEs of urban and rural households in Tianjin and Shanghai were approximately three
times that of Beijing.
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Figure 4. Direct per capita HCEs (PHCEs).

3.2. Urban and Rural Indirect HCEs

3.2.1. Indirect HCEs and PHCEs

By adding urban and rural indirect HCEs, we can obtain the total indirect HCEs of each city.
Total indirect HCEs of Beijing, Tianjin, and Shanghai, respectively, decreased by 2.96%, 27.54%,
and 16.67% from 2007 to 2012, while Chongqing’s total indirect HCEs increased by 32.36%. Urban and
rural indirect HCEs and PHCEs are shown in Figure 5. We can see that urban indirect HCEs were
much larger than that of rural households. For example, Beijing’s urban indirect HCEs were more than
13 times those of rural households in 2015. Chongqing’s urban indirect HCEs were more than four
times that of rural households in 2015.

From the perspective of per capita, urban and rural indirect PHCEs of Beijing and Tianjin
decreased from 2007 to 2012, while urban and rural indirect PHCEs of Chongqing increased. Urban
indirect PHCEs of Shanghai were two times that of rural indirect PHCEs in 2007. However, they were
about the same in 2012.

Figure 5. Indirect HCEs and PHCEs.
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3.2.2. Sectoral Indirect HCEs

Sectoral abbreviation and indirect HCEs are shown in Table A1. Indirect HCEs from electricity
and hot water production and supply were much larger than other sectors for all the four cities.
For instance, rural and urban indirect HCEs from electricity and hot water production and supply in
Tianjin accounted for 63.3% and 69.4% in 2012, respectively. Thus, to better express the indirect HCEs
at sectoral level, we give the percentage-stacked bar chart of indirect HCEs from all the sectors except
electricity and hot water production and supply, as shown in Figure 6.

Figure 6. Sectoral indirect HCEs.

For Beijing, Tianjin, Shanghai, and Chongqing, the indirect HCEs from agriculture, coal mining,
food processing and tobacco, petroleum refining, coking, etc., chemical industry, nonmetal products,
metallurgy, construction, transport and storage increased. The share of indirect HCEs from agriculture
were relatively large and increased from 2007 to 2012 for both urban and rural residents in Chongqing.
The share of indirect HCEs from coal mining decreased from 2007 to 2012 in Shanghai, Tianjin,
and Chongqing; however, the share of indirect HCEs from petroleum refining, coking, etc. increased.
For Beijing, Shanghai, and Chongqing, the share of indirect HCEs from transport and storage increased
from 2007 to 2012, but the share decreased by 5.9% and 6.7% for rural and urban residents in Tianjin,
respectively. However, the share of indirect HCEs from metallurgy respectively increased by 4.5% and
3% for rural and urban residents in Tianjin.

3.2.3. Outsourced Indirect HCEs

Due to the difference of regional resource endowment and industrial structure, the four cities
outsourced large amounts of CO2 emissions to other provinces to meet their own demands for products
and services through inter-regional trade. For example, outsourced indirect HCEs accounted for 73.7%
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for Beijing in 2007, and the share increased to 87.6% in 2012. Similarly, the share of outsourced indirect
HCEs in Chongqing increased from 43.9% in 2007 to 59.7% in 2012. On the contrary, the share of
outsourced indirect HCEs in Shanghai and Tianjin decreased by 6.9% and 8.7%, respectively. However,
the outsourced indirect HCEs in Shanghai and Tianjin still accounted for more than 60%.

The outsourced indirect HCEs of Beijing, Tianjin, Shanghai, and Chongqing in 2012 are shown in
Figure 7. Beijing, Tianjin, Shanghai, and Chongqing respectively outsourced 142 Mt, 127.1 Mt, 108.6 Mt,
and 130.6 Mt indirect HCEs to other provinces in 2012, most of which were neighboring provinces with
rich resources and less developed economic structure. For example, Inner Mongolia, Hebei, and Shanxi
were the top three contributors to Beijing’s outsourced indirect HCEs; the shares were 17.8%, 17.4%,
and 8.6%, respectively. 26.8% of Chongqing’s outsourced indirect HCEs were from Guizhou, Yunnan,
and Sichuan.

Figure 7. Outsourced indirect HCEs.

3.3. Urban and Rural Total HCEs and PHCEs

The total CO2 emissions can be obtained by summing up urban and rural households’ direct and
indirect CO2 emissions. Chongqing’s total CO2 emissions increased significantly with the increase rate
of 49.71% from 64.63 Mt in 2007 to 96.76 Mt in 2012. Beijing’s total CO2 emissions increased by 20.2%
from 100.79 Mt in 2007 to 121.15 Mt in 2012. Shanghai’s total CO2 emissions increased by 6.21% from
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129.45 Mt in 2007 to 137.49 Mt in 2012, whereas Tianjin’s total CO2 emissions decreased slightly from
77.75 Mt in 2007 to 77.53 Mt in 2012.

Rural and urban households’ HCEs and PHCEs are shown in Figure 8. The urban–rural total
HCEs gap in Shanghai is the largest, followed by Beijing and Tianjin. Chongqing’s urban–rural total
HCEs gap is the smallest. From the amount of total HCEs, Chongqing has the largest rural HCEs
and the smallest urban HCEs. On the contrary, Shanghai has the smallest rural HCEs and the largest
urban HCEs.

Figure 8. Total HCEs and total PHCEs.

From the perspective of total PHCEs, Chongqing’s rural and urban PHCEs increased by
73.59% and 21.01%, respectively. Beijing’s rural and urban PHCEs decreased by 10.69% and 1.19%.
Rural PHCEs in both Tianjin and Shanghai respectively increased by 8.03% and 38.72%, while urban
PHCEs decreased by 27.10% and 10.89%, respectively.

PHCEs in our study and other studies are compared in Table 3. PHCEs in Beijing, Tianjin,
Shanghai, and Chongqing were larger than the national average household footprint shown by
Wiedenhofer et al. [65], Fan et al. [66], and Qu et al. [67], but much smaller than the U.S. [68]
and European countries [18,69,70]. Compared to the results of Tian et al. [71] and Fry et al. [72],
Beijing’s total PHCEs in our results were 31.56% and 29.02% smaller, respectively, due to different
research methods and data sources. Shanghai’s total PHCEs in our results were close to other cities in
the Yangtze River delta region [14].
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Table 3. Results comparison (ton of CO2).

Sources Study Area Carbon Footprints Study Period

This study Beijing 5.75 2012
Tianjin 4.91 2012

Shanghai 6.31 2012
Chongqing 3.14 2012

Wiedenhofer et al. [65] China 1.7 2012
Fan et al. [66] China 2 2005
Qu et al. [67] China 1.75 2011

Jones and Kammen [68] US 20 2005
Isaksen et al. [69] Norway 12.2 2007

Weber and Perrels [70]
West Germany 19.8

1990Netherlands 18.7
France 12.9

Sommer and Kratena [18] EU27 15.7 -
Tian et al. [71] Jingjin region 8.4 2007
Fry et al. [72] Beijing 8.1 2011
Xu et al. [14] Nanjing, Ningbo, and Changzhou 6.0 2010
Lin et al. [73] Xiamen, China 3.9 2009
Tian et al. [74] Liaoning 3.5 2007

Qu et al. [75] Northwestern China arid-alpine
regions 1.4 2008

4. Discussion

In this study, we considered both direct and indirect emissions caused by rural and urban household
consumption (as shown in Figure 1). Total emissions are obtained by summing direct CO2 emissions and
indirect CO2 emissions [56]. The direct CO2 emissions mainly refer to the consumption of coal, oil, gas,
electricity, and heat from China energy statistical yearbook, while the indirect CO2 emissions are caused
by the consumption of products and services, which is also named embodied emissions [40,72].

Urban direct HCEs were much larger than rural direct HCEs. There are several reasons for this: (1) in
terms of both quantity and variety, urban residents have more household equipment than rural residents;
(2) urban citizens have more cars, which not only brings about severe traffic problems, but also consumes
lots of gasoline and produces more emissions; and (3) the population of urban areas is larger than that of
rural areas. With rapid urbanization, more and more people flood into the city. For example, Beijing’s
urban population was six times larger than the rural population in 2014.

For both urban and rural households in Beijing, Tianjin, and Chongqing in China, CO2 emissions
caused by electricity consumption accounted for the largest proportion of their direct CO2 emissions:
the most carbon-intensive categories were electricity and hot water production and supply. For instance,
the shares of direct HCEs from electricity in Beijing were 71.3% and 58.2% in 2007 for urban and rural
household, respectively, and increased to 73.7% and 62.3% in 2012, respectively. An increased level
of income or consumption increased the probability of the use of electricity [76,77]. Thus, the result
reflects the improvement of the income and living standard of urban and rural household and the
widespread use of household electrical appliances with the rapid development of economy.

For rural households in Beijing and Shanghai, direct HCEs from coal and oil consumption
occupied a larger relative proportion. This is related to the large amounts of coal use for heating
and cooking in rural areas of Beijing. Oil is the main energy consumption in rural areas of Shanghai,
and the share of direct HCEs from oil consumption was approximately 60% in 2015. Affected by the
financial crisis and post-crisis, the coal and oil price rose dramatically and the consumption of coal
and oil of rural household declined, thus direct HCEs decreased significantly in 2012. Increasing the
price of coal and oil may be an effective way to control fossil energy use and reduce CO2 emissions,
such as the through implementation of a carbon tax or environmental tax [78]. However, to avoid the
economic loss and urban–rural household welfare losses caused by carbon tax, the optimal carbon tax
rate should be formulated carefully.
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Large amounts of CO2 emissions are outsourced to other provinces to meet the demand of local
residents. For example, about 68.5% of Beijing’s household emissions were outsourced to other provinces
in 2007, which is consistent with Feng et al. [79]. The share increased to 81.7% in 2012. The Chinese
government has taken active measures to improve the capacity of key areas to adapt to climate change
and mitigate the adverse effects of climate change on economic and social development and people’s
livelihood. The National Development and Reform Commission (NDRC) started the pilot work of carbon
emissions trading in Beijing, Tianjin, Shanghai, Chongqing, Hubei, Guangdong, and Shenzhen in 2011.
The completion of the reduction of carbon dioxide emission intensity is included in the comprehensive
evaluation system of economic and social development in various regions and the system of cadre
performance assessment [80]. To reduce Beijing’s CO2 emissions and environmental pressure, Beijing
adjusted its industrial structure: heavy industries were moved to its neighboring provinces, such as Hebei,
Inner Mongolia, and Shanxi. Through interregional trade, products and services are imported to meet the
demands of local household. Government should pay more attention to interprovincial carbon leakage
to make an equitable and effective regional emissions reduction scheme. To reduce China’s total CO2

emissions, energy efficiency improvement and clean energy development are significant.
Urban total HCEs increased to a large extent with the increase of urban population. For example,

urban population increased by 23.27% in Chongqing from 2007 to 2012, while its urban total HCEs
increased by 49.16%. In our study, urban households contributed 72.81–92.65% of total HCEs in 2012.
Yang et al. [81] find that urban households contribute 92.6% of the particulate matter 2.5 (PM 2.5) footprint
of Beijing’s households. Therefore, it is urgent to control urban population. City planners should promote
economic development and increase the job opportunities in rural areas and the rural–urban fringe zone
to reduce the migrants who move to the city and seek jobs. For example, on 1 April 2017, the State Council
of China has decided to build Xiongan New Area, which is a new area of national significance after
Shenzhen Special Economic Zone and Pudong New Area of Shanghai. It is expected to relieve the stress
of Beijing’s population and environment.

5. Conclusions

We examined the direct and indirect CO2 emissions of urban and rural households in Beijing, Tianjin,
Shanghai, and Chongqing in this study. The results showed that total PHCEs were larger than the national
average level, but much smaller compared to developed countries such as the US and EU countries [82].
Direct HCEs caused by electricity consumption account for a large proportion of emissions. Despite the
urban/rural differential for both groups, the most carbon-intensive categories were electricity and hot
water production and supply, agriculture, coal mining, food processing and tobacco, petroleum refining,
coking, etc., chemical industry, nonmetal products, metallurgy, construction, transport and storage.

Most household CO2 emissions are contributed by urban HCEs in Beijing, Tianjin, Shanghai,
and Chongqing. Chongqing’s total HCEs are approximately 70–80% of Beijing and Shanghai in 2012;
however, this increased by about 50% from 2007 to 2012. With the acceleration of urbanization, this is
supposed to increase in future. Therefore, it is important to advocate low carbon consumption patterns to
control household CO2 emissions.

Measuring and understanding energy consumption helps in forming a proper policy to motivate
the citizens of metropolitan areas to become “greener” consumers and promote renewable energy
development. This “greener” character needs to be achieved, as urban cities are environmentally
compromised regions because of their metropolitan character [83]. Therefore, the following suggestions
are proposed for city planners and policy makers: (1) continue to promote low-carbon green lifestyles and
encourage residents to use low-carbon and renewable energy to save energy with the aid of the media;
(2) control cities’ populations: promote the development of neighbouring districts, create more jobs and
opportunities in the neighbouring districts, and divert migrant workers; (3) in the process of urbanization,
encourage the development of low-carbon infrastructure, along with the use of materials that improve
building quality and sustainability; and (4) judge government performance on the basis not only of GDP,
but also of energy efficiency and technical progress.
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Appendix A

Table A1. Indirect CO2 emissions of urban and rural household in 2012 (10,000 tons).

Rural Urban

Abbreviation Beijing Tianjin Shanghai Chongqing Beijing Tianjin Shanghai Chongqing

Agriculture Agri 15.80 14.59 17.73 121.28 217.41 136.95 314.11 410.59

Coal mining Coal 10.01 5.74 13.00 49.64 126.23 55.35 187.89 186.31

Petroleum and gas Petr 1.64 3.83 4.20 3.37 22.81 38.56 69.87 23.54

Metal mining Meta 0.23 0.22 0.20 0.79 3.23 2.20 3.33 3.70

Nonmetal mining Nonm 0.25 0.20 0.20 0.68 3.49 1.75 3.30 2.74

Food processing and
tobacco Food 14.63 7.39 10.76 22.08 183.13 75.33 197.05 82.99

Textile Text 0.57 1.87 1.59 2.21 10.32 18.92 31.31 18.38

Clothing, leather, fur,
etc. Clot 0.46 0.33 0.62 0.25 9.04 3.38 15.10 2.02

Wood processing and
furnishing Wood 0.17 0.19 0.18 0.16 2.45 2.76 3.99 0.73

Paper making,
printing, stationery,

etc.
Pape 1.08 1.10 1.53 5.63 15.32 11.03 34.15 24.53

Petroleum refining,
coking, etc. Perc 10.32 12.96 15.04 39.75 143.91 127.27 275.21 148.75

Chemical industry Chem 9.58 7.04 8.14 30.89 124.74 64.56 147.35 171.91

Nonmetal products Npro 9.59 9.15 9.99 48.13 131.25 65.25 180.55 144.45

Metallurgy Melu 17.78 18.62 19.50 42.22 255.95 188.25 331.14 194.87

Metal products Mpro 0.29 0.44 0.26 0.70 4.21 4.03 4.77 2.72

General and specialist
machinery Gene 0.37 0.37 0.36 0.71 5.12 3.63 6.46 3.44

Transport equipment Tran 0.29 0.33 0.50 0.59 4.50 3.63 7.62 3.01

Electrical equipment Ecal 0.15 0.23 0.18 0.40 1.98 2.11 2.91 1.92

Electronic equipment Enic 0.08 0.08 0.09 0.07 1.08 0.98 1.79 0.29

Instrument and meter Inst 0.01 0.01 0.01 0.09 0.13 0.06 0.15 0.60

Other manufacturing Oman 0.14 0.06 0.17 0.39 1.89 0.53 3.07 2.00

Electricity and hot
water production and

supply
Ehwp 214.24 199.05 268.23 384.03 2739.07 2467.62 3562.09 1988.70

Gas and water
production and supply Gasw 0.69 0.33 2.73 0.63 7.89 3.47 29.38 3.79

Construction Cons 0.31 0.22 0.37 0.32 5.25 3.45 7.70 1.65

Transport and storage Tras 24.53 14.72 26.30 74.21 362.53 145.55 579.24 324.73

Wholesale and
retailing Whol 4.99 3.94 4.99 13.66 69.66 40.47 96.68 59.56

Hotel and restaurant Hote 3.17 3.04 1.61 8.69 56.30 32.69 37.62 54.32

Leasing and
commercial services Leas 1.22 0.63 1.37 0.85 25.05 6.55 35.43 6.07

Scientific research Scie 0.20 0.06 0.08 0.13 3.11 0.52 1.39 0.60

Other services Oser 9.78 7.63 10.10 8.83 131.26 50.39 141.01 41.87
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