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Abstract: Improvements of manufacturability and living standard driven by industrialization
and urbanization typically cause a spike in total energy consumption (TEC) and related carbon
emissions (TCEM). However, there have been few comparative studies to include industrial and
residential energy consumption (IEC and REC, respectively) and related carbon emissions (ICEM and
RCEM, respectively). Since China is a major emerging industrial country wherein urbanization is
still ongoing, the present study was conducted in an attempt to analyze the temporal evolution of
China’s continued energy consumption and related carbon emissions regarding both industrialization
and urbanization. The influencing factors of TCEM, RCEM and ICEM are determined via the
log-mean divisia index (LMDI) model. The results showed that both TEC and TCEM gradually
increased (apart from a slight decrease in 2014); REC and RCEM increased steadily with no
sharp peak; while IEC and ICEM declined sharply. TCEM was positively affected by economic output,
consumption level, and population size; the influence of consumption level became more and
more significant. Per capita GDP and per capita expenditure were the most significant driving factors
for RCEM, while industrial added value (IAV) was the main driving factor for ICEM. The temporal
evolution and influencing factors of energy consumption and carbon emissions had stage-related
characteristics in accordance with Shanghai’s three stages of development. The Shanghai case study
provided a comprehensive understanding of energy consumption and related carbon emissions from
the dual perspective of industrialization and urbanization.

Keywords: carbon emissions; industrialization and urbanization; temporal evolution; influencing
factor; log mean divisia index (LMDI) model; Shanghai

1. Introduction

The rapidly growing impact of human activities on the Earth’s many ecosystems is an undeniable
force; major natural processes from the local to the global level are increasingly influenced by human
forces [1,2]. Energy consumption and carbon emissions caused by rapid economic development are
important consequences of human activities, which drive global climate change [3,4]. A recent
Intergovernmental Panel on Climate Change (IPCC) report stated that about three-quarters of
the world’s anthropogenic carbon emissions over the past 20 years originated from fossil fuel
combustion [5]. As one of the most rapid developing countries in the world, China is also the world’s

Sustainability 2018, 10, 3054; doi:10.3390/su10093054 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-6892-1194
http://dx.doi.org/10.3390/su10093054
http://www.mdpi.com/journal/sustainability
http://www.mdpi.com/2071-1050/10/9/3054?type=check_update&version=2


Sustainability 2018, 10, 3054 2 of 13

largest primary energy consumer and carbon emitter. The country faces increasing international
pressure in response to climate changes issues [6,7]. In order to provide targeted measures to
reduce total energy consumption (TEC) and carbon emissions (TCEM) without strangling economic
development, it is necessary to empirically determine the composition and corresponding influencing
factors of energy consumption and energy-related carbon emissions.

As the most important indicators of economic development, urbanization and industrialization
have significant but differentiated effects on energy consumption and carbon emissions [8,9].
Industrial energy consumption (IEC) and carbon emissions (ICEM) generally receive more research
attention than the residential counterparts due to their relatively greater intensity and larger proportion
accounting for TEC and TCEM. Industrialization causes increases in IEC and ICEM and is also
one of the most significant drivers of TEC and TCEM, especially at the stage of heavy industry
expansion [10–13]. Globally, the industrial sector accounts for 40% of energy use [14]. In developing
countries, CO2 emissions have increased dramatically in recent years due to the rapidly growing
consumption of coal, oil, and other fossil fuels during industrialization [15]. In China, industrial sectors
account for about 60% of the country’s total energy use and are mainly responsible for the majority
of its CO2 emissions [16]. However, the intensity of energy consumption and carbon emissions is
expected to decrease with nationwide technological improvements, industrial structure adjustments,
and the gradual shift to a service economy [17,18].

Urbanization serves to satisfy humankind’s needs for subsistence on a daily basis as well as future
development. Studies have repeatedly shown that it also inevitably causes an increase in per capita
residential energy consumption (REC) and carbon emissions (RCEM) as well as a growing proportion
of REC to TECM and RCE to TCEM [19–21]. Fan and Li found that urban per capita REC was about
twice the rural per capita REC [22]. Carlsson-Kanyama et al. found that the per capita expenditure and
energy consumption of urban high-income residents were about 5.5 times and 4.3 times that of young
and low-income residents [23]. Considering the proportion of REC and RCE, Nejat et al. pointed out
that the residential sector represented 27% and 17% of global energy consumption and CO2 emissions,
respectively [24]. In China, the proportion of REC to TEC is about 11% [25]; this is considerably lower
than that of the United Kingdom (29% [26]) or United States (22% [27]).

The quantity and proportion of industrial and residential energy consumption and carbon
emissions vary at different stages of industrial and urban development. The stage-related variations
are affected by various factors attributed to industrialization and/or urbanization [16,28,29]. In China,
although IEC and ICEM still dominate TEC and TCEM, REC and RECM are expected to increase
rapidly as higher-quality urbanization is further integrated into the country’s development [22,30].
A comprehensive understanding of China’s energy consumption and carbon emissions will help
to elucidate the temporal evolution of these factors as they relate specifically to industrialization
and urbanization [22]. Most previous researchers have focused on TEC/TCEM or IEC/ICEM to
determine the spatial-temporal pattern and driving factors. Although some have explored the energy
consumption and related carbon emissions from the single aspect of industrial or residential sectors,
few researchers have conducted comparative analyses of both aspects [13,17,30,31]. This research
gap may lead to inappropriately optimistic judgments about China’s future energy consumption and
carbon emissions considering its industrial transformation and significant decline in energy intensity
in the industrial sector [32–34].

All in all, it is crucial to determine the temporal evolution and influence factors of energy
consumption and carbon emissions from the dual perspective of industrialization and urbanization.
Considering the spatial differentiation among different stages of economic development, an empirical
case study on a developed city may provide useful information regarding China’s future energy
consumption and carbon emissions and also reveal potential targeted regulatory policies. Shanghai is
the core of the Yangtze River Delta Urban Agglomeration and one of China’s world-class cities, and the
industrial added value (IAV) accounted for only 31.2% of its GDP with an urbanization rate of 90.3%
and a per capita GDP of 15,851 USD in 2014. As a high-income city with a low proportion of IAV, its TEC,
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consumption structure, and utilization level have changed significantly in recent decades, which make
it quite a relevant case study. Therefore, we analyzed the amount and composition of energy
consumption and related carbon emissions from the perspective of industrialization and urbanization
in Shanghai from 1995 to 2014, during which period the proportion of IAV to GDP decreased by
22 percentage points and per capita GDP increased by 854%. We aimed to answer the following
questions: (1) How did energy consumption and carbon emissions change in terms of TEC/TCEM,
REC/RCEM, and IEC/ICEM? To be specific, did REC and RCEM increase rapidly in the past 20 years?
(2) What were the primary factors influencing the changes in energy-related carbon emissions? Was
there any difference among them in regard to the total, industrial, and residential carbon emissions?
(3) Did energy consumption and carbon emissions show any stage-related characteristics? If so,
what were they exactly?

2. Methodology and Data Processing

2.1. Calculation of Energy Consumption and Carbon Emissions

To determine the energy consumption and carbon emissions from the perspective of industrialization
and urbanization based on panel data, researchers typically adopt final energy consumption as the
input data [16,31]. According to a definition from the China Energy Statistics Yearbook, “final energy
consumption” is the total energy consumption by industrial and residential activities in China (or in one
region) in a given period, which reflects the actual type and amount of energy consumption related to
industrialization and urbanization. Based on the type and amount of total, industrial, and residential
energy consumption listed in the China Energy Statistics Yearbook, we transformed different types of
energy into standard coal consumption using Formula (1). We calculated carbon emissions data according
to the IPCC technique in Formula (2) [32]. These methods have been widely adopted to calculate energy
consumption and carbon emissions based on panel data [30,34]. Taking TEC and TCEM as examples,
the formula are expressed as follows:

TEC =
n

∑
i=1

Eici (1)

TCEM =
n

∑
i=1

Eiki (2)

where TEC and TCEM represent total energy consumption and carbon emissions expressed by coal
equivalents; Ei represents the total consumption of energy type i; and ci and ki represent the coal
equivalent conversion coefficient and carbon emissions coefficient of energy type i, respectively.
When IEC/ICEM and REC/RCEM are calculated, Ei is the industrial and residential consumption of
energy type i, respectively.

“Energy” in this paper includes not only primary energies such as coal, oil, and natural gas but also
secondary energies such as electricity, heat, gas, and liquefied petroleum gas. The energy consumption
and conversion coefficients to coal equivalent are from the China Energy Statistical Yearbook.
Most of the carbon emissions coefficients come from Song’s research in Shandong, China as they
were determined based on comprehensive analysis of many previous studies including the IPCC’s
Guidelines for National Greenhouse Gas Inventories (2006) [32]. Carbon emission coefficients of
heat and electricity were not indicated in Song’s paper, so we converted heat and electricity to coal
equivalents using the conversion factors in the China Energy Statistical Yearbook, then determined their
carbon emissions coefficients. The energy types and conversion factors/carbon emissions coefficients
are shown in Table 1.
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Table 1. Conversion factors and carbon emission coefficients of different types of energy.

Type Unit Conversion Factors from Physical
Unit to Coal Equivalent (CE, kg)

Carbon Emissions
Coefficient (C, kg)

Raw coal kg 0.7143 0.5478
Cleaned coal kg 0.9000 0.6885

Other washed coal kg 0.2857 0.3636
Coke kg 0.9714 0.8303

Coke oven gas m3 0.5929 0.2024
Other coal gas m3 0.6243 0.2444

Crude oil kg 1.4286 0.8363
Gasoline kg 1.4714 0.8197
Kerosene kg 1.4714 0.8421
Diesel oil kg 1.4571 0.8616
Fuel oil kg 1.4286 0.8823

Liquefied petroleum gas kg 1.7143 0.8632
Refinery gas kg 1.5714 0.7222
Natural gas m3 1.2150 0.5956

Other petroleum products kg 1.4286 0.7025
Other coking products kg 1.1429 0.8372

Heat million J 0.0341 0.0755
Electricity kWh 0.1229 0.3023

2.2. Decomposition Analysis of Influencing Factors

There are two widely adopted methods for carbon emissions factor decomposition: structural
decomposition analysis (SDA) and index decomposition analysis (IDA) [35,36]. SDA is based on
input–output data and not suitable for panel data analysis in this study. IDA uses only departmental
aggregate data, so it is applicable for time-series modeling. As the log-mean divisia index (LMDI)
model can be used for decomposition of multiple factors with zero residual errors and limited data
requirement, it can be used to quantitatively decompose carbon emissions into several “effects” [37–40]
and is therefore widely used in environmental economics [16,32,36]. For these reasons, we adopted the
LMDI method to explore quantitatively factors of energy-related carbon emissions in Shanghai.

The main influencing factors of TCEM include various aspects related to industrialization and
urbanization such as economic output and structure, population and living standards, and the structure,
intensity, and efficiency of energy consumption [28,36,41,42]. We evaluated quantitatively the effects
of the following factors on Shanghai’s TCEM:

∆C = Ct − C0 = ∆Cp−e f f ect + ∆Cg−e f f ect + ∆Ct−e f f ect + ∆Cl−e f f ect + ∆C f−e f f ect
+∆Ci−e f f ect + ∆Cs−e f f ect

(3)

The total effect ∆C is the difference in carbon emissions from year 0 to year t. ∆C consists of
seven parts: the effect of the population (amount of permanent population, ∆Cp), of total regional
economic output (GDP, ∆Cg), of economic structure (proportion of IAV to GDP, ∆Ct), of residents’
consumption level (average consumption expenditure of urban and rural residents, ∆Cl), of energy
efficiency (efficiency of thermal power generation, ∆Cf), of energy intensity (energy consumption per
10,000 RMB of GDP, ∆Ci), and the of energy consumption structure (proportion of coal consumption to
total, ∆Cs). The effect of population, for example, was calculated by the following formula:

∆Cp−effect =
Ct−C0

ln Ct − ln C0
ln(

pt

p0
) (4)

where C0 and Ct represent the carbon emissions in year 0 and t, and p0 and pt represent the population
in year 0 and t, respectively. The effects of the other factors can be calculated similarly.

The main influencing factors of RCEM and ICEM are different from that of TCEM. For RCEM,
factors related to population and urbanization, economic development level, and living standards
are of significant influence. We chose population, urbanization, per capita GDP and expenditure
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(the weighted average of urban and rural expenditures based on urbanization rate), and per capita
housing area (considering high urbanization rate and fluctuations of per capita housing area in rural
Shanghai, per capita housing area in urban Shanghai was adopted) as the main factors for quantitative
analysis [31,43]. ICEM is more significantly affected by factors related to industrial development and
energy consumption, so we chose IAV, industrial structure (the proportion of heavy industry output to
total industrial output), energy efficiency (same definition as above), and IEC structure (the proportion
of coal to IEC) as the main factors for quantitative analysis. Similar to the quantitative analysis of
TCEM influencing factors, we used the LMDI model to determine the effects of different factors on
RCEM and ICEM.

2.3. Data Source

The data we used to calculate energy consumption and carbon emissions are mainly from the
China Energy Statistical Yearbook (1995 to 2014). The thermal power generation efficiency and coal
consumption information are also from the China Energy Statistical Yearbook. Economic and social
development data including population, GDP, IAV, and consumption expenditure information are
from the China Statistical Yearbook and Shanghai Statistical Yearbook (1995 to 2014).

3. Results Analysis

3.1. Energy Consumption and Carbon Emission Changes in Shanghai

From the perspective of total energy and carbon emissions, both TEC and TCEM showed gradual
upward trends from 1995 to 2014 with an average annual increase of 3.40 million tonnes of coal
equivalents and 3.07 million tonnes of carbon, respectively (Figure 1). Their annual increases were
initially rather significant, especially in the years 2005, 2006, and 2007. After 2007, the annual increase
fluctuated at a similar scale between TEC and TCEM. The first negative growth in either occurred
in 2014.
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Figure 1. Total energy consumption (TEC) and total carbon emissions (TCEM), Shanghai 1995–2014.

The industrial sector comprised a significantly higher proportion of TEC and TCEM than the
residential sector. Both REC and RCEM showed upward trends overall apart from the year 2014.
Their proportions increased by 0.58% and 2.89% from 1995 to 2013, respectively (Figure 2). IEC and
ICEM decreased by 30.32% and 27.29% from 1995 to 2014, respectively (Figure 3). On the whole,
REC and RCEM increased steadily without any strong peak while IEC and ICEM declined sharply,
showing that the industrial sector played an increasingly less significant role in TEC and TCEM.
Unlike the continuous decline in IEC, ICEM trended upward after 2011 indicating that a certain
amount of energy consumption generated more carbon emissions.
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Figure 2. Residential energy consumption (REC) and residential carbon emissions (RCEM),
Shanghai 1995–2014.
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Figure 3. Industrial energy consumption (IEC) and industrial carbon emissions (ICEM),
Shanghai 1995–2014.

3.2. Influencing Factors of Carbon Emissions

The LMDI analysis indicated that total economic output, resident consumption level,
and population size exerted positive impacts on TCEM, suggesting that economic development,
population concentration, and enhancement of living standards were the main contributors to TCEM.
Economic output and residents’ consumption level were of the greatest significance in this regard
(Figure 4). Energy consumption intensity, energy consumption structure, and economic structure
appeared to exert negative impacts on carbon emissions; energy consumption intensity was most
significant among them. Energy structure was expressed by the proportion of coal to TEC, so it was
suggested that it would be beneficial to reduce TCEM by using less coal (which had significantly
higher carbon emissions intensity than other energies).
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All the chosen factors indeed played roles in RCEM but showed varying levels of significance.
Among them, per capita GDP and per capita expenditure were the most significant driving factors and
their significance tended to increase over the study period; this indicated that economic development
and enhancement of living standards had led to an increase in REC and a substantial increase in RCEM
in Shanghai (Figure 5). Per capita housing area and population size also played significant roles,
but the impact of urbanization was relatively small.
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IAV emerged as the primary driving factor in ICEM (Figure 6). The contribution of industrial
development to ICEM growth was especially significant around 2005. Energy consumption intensity
and structure were the main limiting factors; a decline in energy intensity and the optimization
of energy consumption structures were indicated to decrease ICEM. An increase in the proportion
of heavy industry contributed to ICEM growth, but its contribution was smaller compared to IAV.
Similar to TCEM, energy efficiency had a negative impact on ICEM.
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3.3. Stage-Related Characteristics of Energy Consumption, Carbon Emissions and Influencing Factors

Studies have shown that the amount and proportion of industrial and residential energy
consumption and carbon emissions are development stage-related, as are their influencing factors.
Shanghai made an interesting empirical case study per such stage-related characteristics. Since 1995,
Shanghai’s economy has grown exponentially alongside a dramatic transformation in city structure.
According to the Shanghai Municipal Bureau of Statistics (Characteristics of Shanghai’s Economic
Development Stages and Economic Growth Momentum of the 13th Five-Year Period), the economic
development of Shanghai could be divided into three stages: 1995–2003, 2004–2008, and 2009–2014
which are consistent with lower middle-, higher middle- and high-income stages of the World
Bank’s standard. The changes in Shanghai’s energy consumption, energy-related carbon emissions and
the influencing factors which we observed were consistent with these economic development stages.
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At the first stage from 1995 to 2003, Shanghai’s GDP and per capita GDP were less than 100 billion
and 5000 USD, respectively. The proportion of IAV to GDP was higher than 40%, but decreased from
52.3 to 41.3%. Due to relatively slow economic development rates, limited population, and a decreasing
proportion of IAV, Shanghai’s TCEM was relatively low and the annual increase was typically below
4 million tonnes (Figure 1). The proportion of IEC to TEC and ICEM to TCEM were higher than 70%
and 65%, respectively (Figure 3). The influence of GDP on TCEM was high but not significant, and the
effect of consumption expenditure was not yet clear (Figure 4).

The second stage was from 2004 to 2008, when Shanghai’s GDP grew rapidly at an average annual
rate of 16.02%. In 2008, its GDP was close to 200 billion USD—about 2.5 times that in 2003. The population
also grew quickly, from 17.65 million in 2003 to 21.41 million in 2008 at an average increase of more than
0.75 million. In 2008, per capita GDP was very close to 10,000 USD, indicating a higher development level
and living standards. This stage witnessed the fastest growth in TCEM at 6.00 million tonnes annually,
which was 1.53 times that of the previous stage (Figure 1). The proportion of REC remained stable,
but that of IEC rapidly decreased (Figures 2 and 3). The effect of GDP and consumption expenditure on
TCEM grew increasingly significant (Figure 4); the latter became the most important driving factor in
RCEM at this stage (Figure 5).

The year of 2008 marked a turning point which began the third stage, in which Shanghai’s
service industry developed rapidly but industrial development lagged behind. IAV accounted for
less than 40% of Shanghai’s GDP but its proportion still declined rapidly at an average of 1.4%
yearly. Economic growth began to slow down to an average annual growth rate of about 8.98%.
Population growth also slowed down to an average annual growth of 0.48 million. At this stage,
Shanghai’s carbon emissions changed significantly inter-annually but still increased by 2.81 million
tonnes per year. This period witnessed rapid growth in REC and RCEM overall apart from the year
2014 (Figure 2). The significance of GDP and consumption expenditure on TCEM slightly declined
(Figure 4).

4. Discussion

International pressure in response to climate change issues and also national concerns regarding
resource supply and environmental protection merit a comprehensive understanding of China’s energy
consumption and carbon emissions [6,7]. A dual perspective on industrialization and urbanization,
as both play significant roles in a country’s economic and social development, provides valuable
insight into the trends and characteristics of energy consumption and carbon emissions at different
stages of development [28,43,44]. Shanghai, a high-income city which is widely considered a
role model for future development in eastern China, was used as a case study here to elucidate
its temporal evolution and influencing factors of industrial and residential energy consumption
and carbon emissions. The results represented a useful insight into the differentiated effects of
industrialization and urbanization as well as potential future trends in energy consumption and carbon
emissions from industrial and residential perspectives.

Under the World Bank’s standard, Shanghai has developed from a lower middle-income to a
high-income city since 1995. The amount and structure of energy consumption changed significantly
throughout this transition. TEC has trended upward and become stable, while TCEM continually
increased from 1995 to 2014. The results from 1995 to 2000 were in accordance with a previous report
by Qian and Yu [45], who analyzed carbon emissions in Shanghai, but the results based on actual data
after 2000 exceeded their predictions suggesting that projections of energy consumption and carbon
emissions are tenuous and require careful consideration.

Considering the structure of TCEM, the amount and proportion changes of IEC and ICEM were
consistent with the development changes of Shanghai and were the results of industrial transformation,
energy structure optimization, and citywide technical improvements. The amount and proportion of
RCEM were still significantly smaller than those of ICEM across the study period but both increased
steadily after 1995, especially at the third development stage. However, the proportion of Shanghai’s
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REC to TEC and RCEM to TCEM have a significant gap compared to developed countries or regions.
Previous researchers have found that the residential sector represented about 17% of global CO2

emissions [24] and that the proportion in developed countries was even higher [46], but the proportions
of REC and RCEM in Shanghai fell far below 17%. There are several reasons for this. The most
important is that only direct residential energy consumption (i.e., in the home) is included in panel data
from the China Energy Statistical Yearbook. It is suggested that indirect energy consumption related to
daily life (e.g., hotel/restaurant, commuting, entertainment, travel), however, comprises a significant
portion of actual residential energy consumption [46,47]. A preliminary survey in Ireland indicated
that in-home energy consumption accounts for merely 42.2% of personal carbon emissions [48].
If indirect energy consumption is included, REC and RCEM are greater and account for a higher
proportion of TEC and TCEM. Also, external thermal power plants supply a significant portion of
Shanghai’s local residential electricity. Most external power plants use coal as the main input energy
and have a a relatively low technical level, so the actual energy consumption and carbon emissions
are underestimated with average power generation parameters in converting electricity to energy
consumption and carbon emissions. Further research is yet needed to fully and accurately determine
the actual REC and RCEM in Shanghai.

Carbon emissions are affected by many factors, and there were significant differences among
the factors affecting TCEM, ICEM, and RCEM. Economic development and population concentration
were the main driving forces of TECM, while the decline in energy intensity, optimization of
energy structure, and economic structure adjustments had an inhibitory impact on carbon emissions.
These results are in accordance with the findings of other scholars [10,42,49]. Although some existing
research showed that technological improvements could reduce regional carbon emissions [29,36,44],
this research indicated that the effect of technological improvements was not significant; this might be
related to the insignificant changes in regional energy efficiency. There were significant differences
between the influencing factors of ICEM and RCEM. Carbon emissions were a direct result of
industrial development and IEC, and the results indicated that IAV was the most significant driving
factor of ICEM. Energy structure optimization accompanied by a reduction in energy intensity
also caused ICEM to decrease. Therefore, policies which bolster service industries, compel the
usage of green energy, and push for the development of a low-carbon economy can help to reduce
ICEM [42,50–53]. This research indicated per capita GDP and per capita expenditure were the core
driving factors of RCEM, much like previous studies have shown [41,43,54]. Factors related to economic
development and quality of life (i.e., improved living standards) altogether increased RCEM [55,56].
ICEM and RCEM were the major components of TCEM, so factors affecting ICEM and RCEM also
affected TCEM, but at different strengths in different stages. In the early development stage, the factors
influencing ICEM aligned with the main factors in TCEM. The decreasing proportion of industry
and continued enhancement of living quality made the influencing factors of RCEM gradually more
significant for TCEM [22].

Shanghai’s temporal evolution and influencing factors of energy consumption and carbon
emissions had stage-related characteristics [28,57,58]. Although the low-income stage was not included
in the study period from 1995 to 2014, there were still differences between lower middle-income
to high-income stages. The proportions of IEC and ICEM continuously declined throughout the
study period, but their quantities only began to decrease in the third stage when the proportion of
IAV to GDP fell below 40%, which indicated that energy consumption and carbon emissions would
continually increase until a region enters a high-income stage. The decline in ICEM occurred later
than the decline in energy consumption [28]. Both the amount and proportion of REC and RCEM
began to increase significantly at the high-income stage, indicating that urbanization did not begin
until a higher stage of development was achieved [30]. REC and RCEM accounted for only a limited
proportion of TEC and TCEM, so increases in REC and RCEM did not necessarily cause TEC and
TCEM to increase. Even at high-income stages, the dominance of IEC and ICEM ensured similar trends
between total and industrial energy consumption and carbon emissions. In short: economic structure
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and industrial development are always significant influencing factors in TCEM [36]. Increasing living
standards can bring about a rapid increase in REC and RCEM. It is more difficult to lower TEC
and TCEM if IEC and ICEM are not undergoing a sufficiently rapid decline. IEC and ICEM can be
reduced by promoting industrial transformation, optimizing energy structures, and improving energy
efficiency [16]. Strict restrictions on household energy consumption as it affects TEC may degrade
living standards, so it may be more effective to promote clean and renewable energy and the usage of
energy-saving appliances while ensuring an ample residential energy supply [22].

5. Conclusions

Although the temporal evolution and influencing factors discussed here relate to a highly
representative city in China, this study contributes to a universal framework of energy consumption
and carbon emissions from the dual perspective of industrialization and urbanization. It determined
different change trends of industrial and residential energy and carbon emissions to obtain a
comprehensive pattern of TEC and TCEM. The effects of IEC/ICEM and REC/RCEM on TEC/TCEM
are related to development stages; at stages with higher development level, REC/RCEM play a
more significant role in TEC/TCEM than IEC/ICEM. In Shanghai, REC/RCEM began to markedly
increase and consumption expenditure became a significant driving force in TCEM upon entering
the high-income stage. This implies that other cities—or China as a whole—may experience similar
changes in energy consumption and carbon emissions as it continues to develop economically. It is
not rational or realistic to solely use IEC and ICEM to predict the TEC and TCEM of a certain region
or China.

Analysis of REC and RCEM should be carried out with diverse and targeted methods. The results
show a significantly lower proportion of REC to TEC and RCEM to TCEM than Shanghai’s panel data,
which suggests that indirect household energy consumption cannot be neglected. If indirect energy
consumption is included, the amount and proportion of REC/RCEM might be significantly higher
than the current results. Household surveys and carbon footprint analysis may be useful in carrying
out comprehensive REC and RCEM calculations.

The influencing factors of TCEM are stage-related and differ from those of ICEM and RCEM.
Targeted policies may help to control or even reduce energy consumption and carbon emissions.
More emphasis should be placed on REC as China’s economy continues to develop and higher-quality
urbanization is emphasized in future. Shanghai has not yet reached the most sophisticated stage of
urbanization, as IEC and ICEM continue to dominate its energy consumption and carbon emissions.
ICEM reduction policies should center around optimizing industrial structures, reducing industrial
energy intensity, and optimizing energy structures. It is crucial to ensure a sufficient residential energy
supply alongside the promotion of renewable energy and energy-saving appliances to control RCEM.
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