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h i g h l i g h t s

� Establish the low-carbon city development model.
� GMI (1, 1) model is adopted to predict the carbon intensity development trends.
� Multiple Regression Forecast of the Primary Energy Consumption.
� The energy structure optimization is an effective measure to decrease the carbon intensity.
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a b s t r a c t

Optimizing energy structure to reduce carbon intensity is an effective way to build the low-carbon city
development model. To assess the contribution potential of energy structure optimization in order to
achieve the carbon intensity target in Hangzhou City, the component data prediction, scenario prediction,
GMI (1, 1) model and other multidisciplinary approaches were adopted to predict the carbon intensity
trends in the above said City from 2014 to 2020. This contribution potential is evaluated based on 9 kinds
of combined scenarios. The results show that: 1. Under the same economic growth rate, with the increase
in energy structure adjustment range, the carbon intensity ‘‘decline range” becomes larger, and the
higher is the ‘‘contribution potential” of energy structure optimization to achieve the carbon intensity
target. 2. Within the same range of energy structure optimization, the economic growth rate is lower,
the carbon intensity ‘‘decline range” is smaller, and the ‘‘contribution potential” of energy structure opti-
mization is higher for the same carbon intensity objective. By optimizing energy structure and industrial
structures adjustment, the technology upgrading for carbon emissions and the scientific and technolog-
ical level of the systematic industrial policies are more conducive to supporting the realization of low-
carbon city.

� 2016 Published by Elsevier Ltd.

1. Introduction

With the dramatic global energy consumption, the carbon diox-
ide emissions caused by global climate change have been drawing
more and more people’s attention. Therefore, the need to reduce
carbon dioxide emissions in ensuring stable economic develop-
ment under the premise of energy consumption has become the
focus of the far and wide world to make researches and discussions
[1,2]. With the signing of the ‘‘Paris Agreement”, China agreed to
stop the increase in carbon dioxide emissions around 2030 or
before. According to the plan of this vision agreement, the ambi-
tion is to make the ratio of the Chinese fossil fuel energy fall to

about 80% by then. As a largest developing country, China will
assume greater responsibility in the reduction of carbon emissions.
The World Energy Outlook released by the U.S. Energy Information
Administration (EIA) in 2008 said that from 2004 to 2030, the Chi-
nese coal consumption will rise by 3.2% annually [3–5]. However,
the coal-dominated energy consumption structure has brought
serious environmental pollution problems. According to the statis-
tics of the year of 2008, millions of tons of emissions were counted
in China and results have shown the total carbon dioxide emissions
of 6896 M tones, 23.212 M tones for sulfur dioxide emissions, soot
emissions were counted to be 90.16 M tones, and industrial dust
emissions being 4.849 M tones respectively. Thereafter, results also
showed that energy consumption was dominated by coal.
Although proportions of coal in the total Chinese energy consump-
tion dropped to 68.7% from a peak value of 76% in 2008, but still

http://dx.doi.org/10.1016/j.apenergy.2016.07.116
0306-2619/� 2016 Published by Elsevier Ltd.

⇑ Corresponding authors.
E-mail addresses: wjh@iwhr.com (J. Wang), yzshang@foxmail.com (Y. Shang).

Applied Energy xxx (2016) xxx–xxx

Contents lists available at ScienceDirect

Applied Energy

journal homepage: www.elsevier .com/locate /apenergy

Please cite this article in press as: Lu S et al. Potential assessment of optimizing energy structure in the city of carbon intensity target. Appl Energy (2016),
http://dx.doi.org/10.1016/j.apenergy.2016.07.116

http://dx.doi.org/10.1016/j.apenergy.2016.07.116
mailto:wjh@iwhr.com
mailto:yzshang@foxmail.com
http://dx.doi.org/10.1016/j.apenergy.2016.07.116
http://www.sciencedirect.com/science/journal/03062619
http://www.elsevier.com/locate/apenergy
http://dx.doi.org/10.1016/j.apenergy.2016.07.116


occupy the absolute position and shows an upward trend in recent
years share [6]. The Chinese oil and gas energy, especially natural
gas, its proportion varied widely compared to that in the developed
countries. The energy technology, processing and utilization effi-
ciency are lower than those of OECD countries. The air pollutant
emissions and energy consumption per unit energy intensity are
relatively high. Therefore, energy consumption structure has an
important theoretical and practical significance to the Chinese
energy conservation and emissions reduction.

Timilsina and Camarero related the energy efficiency with the
productivity to point out the whole production process from the
increase in production efficiency to reduce energy consumption,
thus revealing an internal relationship between productivity and
energy efficiency [7,8]. Deng and He analyzed the development his-
tory of industrial energy efficiency management, and studied the
effects of different efficiency management policies on national
energy consumption [9,10]. Zhou and Cui analyzed the impacts of
energy efficiency of the manufacturing industry equipment, con-
ceived energy-saving policies and environment development, and
instituted the lowest energy consumption standard [11,12]. Based
on a large amount of data from industrial enterprises, Castelo and
Ekins adopted the Panel Data Econometrics and measurement
methods and results prompted the decrease in the Chinese energy
consumption intensity factor which is rising relative price of
energy, energy research and development expenses, Chinese enter-
prise property right and industrial reforms, etc. [13,14]. Choi and
Zhou adopted the Input-Output Method to study the causes of the
Chinese energy consumption per unit output decline [15,16]. On
conclusion, they found that energy consumption efficiency
improvement was mainly induced by the changes in technology
sector, and also by some increasing imports of energy-intensive
products. However, completing the structural changes will enhance
energy consumption to boost up. Klepper and Morris premeditated
the improvement in the energy consumption efficiency conditions
for the industrial sector in China [17,18]. Studies suggest that the
industrial restructuring effect was negative in the improvement
of the Chinese industrial sector’s energy efficiency, and the
improvement of the entire industrial sector energy efficiency
should result from each sub-sector’s improvement so far. Enkvist
and Baker recommended that the technological progress is
undoubtedly an effective way of reducing energy intensity and
improving efficiency, but the return effect also occurs simultane-
ously due to the economic growth stimulation and generate effect
of returns [19,20]. Therefore, it will be taken advantage of alterna-
tive means to regulate the price of energy and other factors, and
prompting more consumers to select other alternatives than
energy, so can we accurately achieve energy saving perspectives.
Naucle and Fleiter analyzed the relationship between GDP and
energy, employment and CPI growth rate in the consumer price
index [21,22]. The research put forward a suggestion that energy
consumption has no direct or inherent causal relationship with
GDP growth. Zhou and Yuan adopted the regression analysis to
analyze the regional Chinese energy consumption efficiency
characteristics and found that the spatial dependence is obvious
between the provincial energy consumption efficiency and regional
economic development, with spatial differences being more obvi-
ous [23,24]. Li included the knowledge stock into the production
function, and adopted constant returns to scale the super-
efficiency DEAmodel to estimate the Chinese provincial total factor
energy efficiency (TFEE), and perform the market segmentation
perspective inspection based on the provincial TFEE factors of influ-
ence [25]. Studies showed that the TFEE of the area is relatively low
even though this area is relatively quoted with abundant energy
resources. The deepest reason is that the market segmentation
distorts the resources allocation, hinders the formation of regional
industrial economies of scale, which results in the loss of TFEE.

Combining the existing relevant studies, the relationship
between energy consumption and low-carbon cities was explored
from different perspectives. These studies have an important inspi-
ration and guidance to further explore the carbon intensity drivers,
but hadn’t explored how to achieve the low-carbon city target from
the perspective of optimized energy structure. Main features are:

(1) At the time of the Chinese energy intensity decomposition,
most scholars studied from the industrial level, and from
the industrial sector stage there are no further investigations
on the decomposition efficiency in industrial energy inten-
sity, and no exploration on the efficiency and structural fac-
tors’ effects on the energy intensity change has yet appeared.

(2) When studying the regional differences in energy efficiency,
most of scholars adopted the data envelopment analysis
(DEA) method, and few of them used the panel data analysis
to assess the regional differences in energy consumption
efficiency. The researches on the convergence between
regional and economic differences in energy efficiency have
not yet appeared.

(3) There is no literature about researches on the influencing
factors that affect the industrial level of energy efficiency
from the industrial economy transformation perspective.
The study on Chinese ‘‘stock” and ‘‘incremental” reforms
has a great significance on the functional mechanisms,
methods and improving ways of industrial energy efficiency,
through carrying out the work of energy-saving and emis-
sions reduction.

Optimizing energy structure can not only achieve the coordi-
nated energy industry development and ensure energy security,
but also can directly and effectively reduce carbon intensity. As a
matter of fact, it becomes naturally one of a series of countermea-
sures to be considered in the achievement of the carbon intensity
targets. About how to achieve such targets through optimizing
energy structure, there are two theoretical problems to be solved,
i.e., Can optimizing the energy structure significantly reduce the
carbon intensity? How much energy structure optimization can
achieve the carbon intensity targets? Therefore, in-depth study
on these two issues would be of great help to smoothly realize
the carbon intensity targets in Hangzhou City.

In this paper, the component data prediction with comprehen-
sive application, scenarios simulation, GM (1, 1) model and other
multidisciplinary methods are adopted to assess the energy struc-
ture optimization and contribution potential to achieve the carbon
intensity targets in Hangzhou City. Based on the primary energy
consumption demand forecast in Hangzhou from 2014 to 2020
and adopting the combination of models, the Markov chain model
was employed to predict the trend of variations in energy con-
sumption structure. The contribution potential of energy structure
optimization for achieving the carbon intensity targets in Hang-
zhou City is evaluated based on points and nine kinds of combined
scenarios projected to be assessed in 2020. Based on the answers to
the above mentioned theoretical problems, the theoretical support
can be provided to the relevant departments in Hangzhou City for
decision-making.

2. Predicting Hangzhou primary energy consumption and its
variables

2.1. Data sources

Since the atmospheric CO2 mainly comes from fossil fuels com-
bustion, this paper adopts formula (1) to calculate the Chinese
energy consumption for CO2 emissions C (10,000 t) over the years
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