
Introduction

Since the 21st century, the remarkable economic 
achievement in China has been accomplished by 
huge energy consumption [1] with great threats to the 
ecological environment [2], the constraints of energy 
on the economy and the influence on environment are 
increasingly obvious. China has become the second 

largest economy in the world with the acceleration of 
industrialization and urbanization, and its total energy 
consumption has also enhanced fleetly from 1.5 billion 
tons of standard coal in 2000 to 4.64 billion tons of 
standard coal in 2018. In a word, China is still the largest 
energy consumer and carbon emissions emitter in the 
world, and its extensive use of energy has led to the 
continuous deterioration of the ecological environment, 
and fog and haze weather frequently occurred in China, 
especially in BTH region. As one of the three world-
class urban agglomerations in China and the largest and 
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most dynamic region in northern China, the BTH urban 
agglomeration plays a pivotal role in the development of 
China’s national economy. In 2018, the total economic 
volume of the BTH urban agglomeration reached  
8.5139 trillion Yuan, accounting for 9.45% of the total 
in China. Moreover, the BTH region is also the main 
force of China’s energy consumption, it consumed about 
455.3 million tons of standard coal in 2017, accounting 
for 10.14% of the total energy consumption in China. 
BTH urban agglomeration is still in the late stage of 
industrialization with extremely enormous energy 
consumption.

Facing the severe energy security situation and 
ecological environment pressure, improving energy 
efficiency and reducing energy consumption has 
become a promising approach to the issues. Available 
researches have indicated that technological progress is 
a crucial contributor to improve energy efficiency and 
decrease energy consumption [3-4]. However, Jevons 
put forward a paradox in the book of The Coal Problems 
in 1865, that is, although technological progress can 
improve the utilization efficiency of a certain resource, 
the final result is not to decrease but to increase the 
consumption of such resource, which is called the 
Rebound Effect (RE). The energy rebound effect (ERE) 
did not receive widespread attention until the 1990s, 
and relevant researches were normally pursued founded 
on Khazzoom-Brookes hypothesis [5-6], which holds 
that the enhancement of energy efficiency affected by 
technological progress increased rather than reduced 
energy consumption. Then, how about the total factor 
energy efficiency in BTH urban agglomeration? Does 
the energy rebound effect (ERE) exist in this region? It 
is of far-reaching significance for energy management, 
energy conservation and emission reduction to calculate 
TFEE, scientifically analyze the dissimilarity and 
variation trend of TFEE, and clarify ERE’s intensity in 
the BTH urban agglomeration.

Empirical researches on energy efficiency used 
to adopt single-factor indicators and ignored the 
substitution effect of other input factors. Later, 
academic circles embarked on energy efficiency under 
the influence of multiple factors, namely total factor 
energy efficiency. The data envelopment analysis 
(DEA) method brought forward by Charnes and Cooper 
can deal with multi-input and multi-output problems. 
This method and its derived improved models have 
been commonly applied in the calculation of TFEE. 
For example, Wu et al. [7] measured the TFEE of 
30 provinces in China with an improved DEA model 
and provincial panel data. Wu et al. [8] built a non-
homogeneous input-output DEA model to measure 
the energy and environmental efficiency of China’s 
industrial sector. Shen et al. [9], Feng et al. [10] 
respectively used three-stage DEA and four-stage 
DEA method to evaluate China’s energy efficiency. 
Early researches are, however, limited: the undesirable 
outputs such as nitrogen oxides, waste water, smoke 
and dust were not considered, which has an impact on 

energy efficiency measurement. Thus, a slacks-based 
measure (SBM) model, proposed by Tone [11], was 
employed to overcome the limitations of traditional 
DEA models. Zhou et al. [12], Yu et al. [13] applied the 
SBM model to investigate China's provincial TFEE and 
its heterogeneity while considering the impact of an 
undesirable output. Xiao et al. [14] analyzed the sectoral 
energy efficiency and its influencing factors in China 
based on SBM model and panel regression model. Li 
et al. [15] constructed an SBM model to measure the 
energy eco-efficiency of manufacturing industry in 
30 provinces and cities in China from 2000 to 2016. 
The researches listed above have acquired positive 
achievements, but still have some deficiencies, such 
as the inability to accurately rank multiple effective 
decision-making units. As a result, the application of 
combining super-efficiency and SBM model (the super-
SBM model proposed by Tone [16]) appeared. Yang 
et al. [17], Li et al. [18], Yang and Wei [19], Sun et al. 
[20] set up super-SBM models incorporated with Tobit 
model and Malmquist index to study TFEE and its 
affecting factors at provincial or regional level in China. 
In summary, the existing literature rarely study the 
application of super-SBM model to TFEE calculation of 
BTH urban agglomeration. So, this paper constructs a 
super-SBM model to figure out the TFEE of the cities 
in BTH urban agglomeration using data of recent years, 
and thoroughly explores its variation tendency and 
otherness.

Notwithstanding an increasing number of 
empirical findings regarding the relationship between 
technological progress and energy efficiency, there is 
still no broad consensus in the academic community. 
Cang et al. [21] believed that technological progress 
has the capability to increase energy efficiency and 
decrease energy consumption, while K-B hypothesis 
holds that technological progress will increase energy 
consumption, not the other way around. The calculation 
methods of ERE primarily consist of CGE models, 
classical economic theory models and econometric 
methods, etc. Li et al. [22] studied the connection 
between energy subsidy and rebound effect in 
multifarious situations by establishing a CGE model, 
and found that ERE existed in China and the rebound 
effect of electricity was higher than that of the primary 
energy. Shao et al. [23] discovered that ERE existed 
strikingly by measuring the ERE of China's economy 
from 1954 to 2010. In addition, the Solow remainder 
method would underestimate ERE in majority cases. 
Feng and Ye. [24] constructed a semi-parametric 
spatial lag model of panel data to explore regional 
economic spatial spillover and energy-economic 
nonlinear relationship, and estimate ERE contributed by 
technological progress in 29 provinces on the basis of 
energy output elasticity. The result indicated that ERE 
was apparent in developed provinces, but not obvious in 
underdeveloped provinces. On the whole, the majority of 
literature investigated ERE from the aspect of national 
level to industrial sectors, however, little literature did 
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research on the ERE at the urban agglomeration level, 
delimiting ERE’s development trend, combining ERE 
and TFEE, and giving the future development route 
map. In addition, from the perspective of research 
techniques, both classical economic theory models and 
the CGE models require estimation of parameters that 
are difficult to estimate. Different from the previous 
studies, this paper calculates the contribution rate of 
technological progress to economic growth via the 
total factor productivity (TFP) and constructs the ERE 
estimation model to work out the ERE value of BTH 
urban agglomeration according to the panel data from 
2007 to 2020.

The main work of this study is as follows: (1) 
Construct a Super-SBM model that allows for the impact 
of undesired output on the efficiency measurements to 
be taken into account, and measure the TFEE values 
in the BTH urban agglomeration; (2) Set up an ERE 
model to count the ERE values in the BTH urban 
agglomeration by calculating the contribution rate of 
technological progress to economic growth; (3) Built 
TFEE-ERE matrix and summarize four development 
patterns to evaluate the development stage of each 
city in BTH urban agglomeration, then put forward 
the development route map of hoisting TFEE and 
weakening ERE in the future. The rest part of this study 
is arranged as follows: The second part is methodology. 
The third part is the results and discussion. The fourth 
part is the conclusions.

Methodology

TFEE Calculation Model

Suppose there are n decision-making units (DMUs) 
and each unit has three factors: inputs x ∈ Rm, desirable 
outputs yg ∈ Rr1 and undesirable outputs yb ∈ Rr2. 
Matrixes can be defined as: X = [x1, x2,..., xn], ∈ Rm×n, 
Yg = [yg

1, yg
2,..., yg

n] ∈ Rr1×n, Yb = [yb
1, yb

2,..., yb
n] 

∈ Rr2×n,. The production possibility set (P) under 
constant returns to scale can be defined as: P = {(x, 
yg, yb)|x≥Xλ, yg≤Y gλ, yb≤Y bλ, λ≥0} the super-SBM is 
modeled as:

    (1)

...where ρ is the target efficiency value, xik, yg
ak, yb

ak 
represent input, desirable output, and undesirable 
output variables, respectively; si

–, sd
g, su

b correspond to 
the slacks in inputs, desirable outputs and undesirable 
outputs; λj is intensity vector.

ERE Calculation Model

In this part, we explore whether there is ERE in 
BTH urban agglomeration or not, and analyzes the 
effect of technological advance on energy efficiency. 
According to the definition, ERE is equal to the ratio 
of increased energy consumption to expected energy 
saving, which can be expressed as ERE = ΔM+/
ΔM–, where, ΔM+ represents the increased energy 
consumption, ΔM– denotes the expected energy saving. 
ERE can be divided into five levels: when ERE<0, it 
means super energy saving; when ERE = 0, it means 
zero rebound and complete saving; when 0<ERE<1, 
it means partial rebound; when ERE = 1, it means 
complete rebound, and the energy saved is absolutely 
offset; when ERE>1, it means reverse effect, that is, 
not only are the energy savings completely offset, but 
additional energy consumption is added.

Assume that the economic output in year t is EOt, 
energy intensity is Et, then the energy input can be 
expressed as EIt = Et ∙ EOt. The amount of energy 
saved by reducing energy intensity due to technological 
progress in year t+1 is:

ΔM– = EOt+1 (Et – EOt+1)                 (2)

Energy consumption raised by technological 
progress promoting economic growth in the year t+1 is:

ΔM+ = σt+1 (EOt+1 – EOt) EOt+1           (3)

...where σt+1 is the contribution rate of technological 
progress to economic rapid.

Most previous studies have used TFP to represent 
technological progress in a broad sense, and there is 
evidence of conceptual inconsistencies. This paper 
obtains the ERE computational formula through 
utilizing the total factor productivity rate of growth to 
calculate the contribution rate of technological progress 
to economic growth. 

The TFP growth rate in year t+1 is:

                    (4)

The economic growth rate in year t+1 is:

                 (5)

Then, the contribution rate of technological  
advances to economic growth in year t+1 can be 
expressed as:
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                    (6)

Therefore, the rebound effect led by technological 
progress in year t+1 can be expressed as:

    (7)

Results and Discussion

Data Description

In this paper, the research interval was set from 
2007 to 2020. Data from 2007 to 2017 were selected 
from the statistical yearbooks released by the National 
Bureau of statistics. Statistics for the period from 2008 
to 2020 are largely unavailable, according to statistics 
release practice. Given the importance of the recent 
trends of the research subjects, we used a variety of 
scientific methods such as average growth rate trend 
extrapolation, GM(1,1) model, and quadratic moving 
average method to predict the 2018-2020 data based on 
the available statistical data, and selected the prediction 
results with the minimum errors as the 2018-2020 
forecast values. We selected capital, energy, and labor 
as the three input indicators, GDP (economic output)  
as the desired output, and SO2 as the undesired 
output.

(1) Capital investment: take the fixed asset 
investment of each city from 2007 to 2020 as the capital 
investment index. The unit is 100 million yuan.

(2) Energy input: use the total energy consumption 
of each city, which can be obtained by the product of 
energy consumption per unit of GDP, and the gross 

regional production to express energy input, including 
the utilization of raw coal and crude oil and its products, 
natural gas, electricity and other energy sources. The 
unit is 10 thousand tons of standard coal.

(3) Labor input: take the total number of urban 
employment as the labor input indicator, which can 
be obtained by the sum number of employees in 
urban enterprises and in urban individual and private 
enterprises. The unit is 10 thousand people.

(4) Desirable output: annual GDP value is taken as 
the desirable output indicator. Let the year of 2007 as 
the base period, and adjust the real GDP through the 
deflator index. The unit is 100 million yuan.

(5) Undesirable output: Given the availability of 
data, we choose the industrial SO2 emission directly 
from the official statistics released by the China Bureau 
of Statistics as the undesirable indicator. The unit is 
tons.

Data sources are the China City Statistical Yearbook, 
China Energy Statistical Yearbook, Hebei Statistical 
Yearbook, the statistical bulletins of national economic 
and social development, and statistical yearbooks in 
various regions. 

TFEE Analysis

Taken advantage of the above input-output panel 
data, the TFEE values of BTH urban agglomeration 
during the period 2007~2020 are calculated by 
employing the Super-SBM model considering the 
undesirable output. The results are shown in Table 1.

Overall, the majority of the TFEE in BTH urban 
agglomeration generally locate at medium-low level. 
Table1 displays that the TFEE values of Tangshan, 
Qinhuangdao, Cangzhou, Beijing and Tianjin are 
greater than 1, and the TFEE values of the remaining 
cities fluctuate around 0.7. According to Table 1, 

Table 1. TFEE Calculation Results of BTH Urban Agglomeration from 2007 to 2020.

City 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Average

Shijiazhuang 0.724 0.728 0.725 0.727 1.014 1.008 0.753 0.752 0.736 0.674 0.698 0.701 0.691 0.678 0.758

Tangshan 1.117 1.122 1.065 1.073 1.120 1.090 1.099 1.106 1.069 1.077 1.188 1.110 1.115 1.120 1.105

Qinhuangdao 1.014 1.033 1.033 1.056 1.050 1.051 1.062 1.080 1.074 1.055 1.027 1.054 1.025 1.025 1.046

Handan 0.663 0.657 0.655 0.661 0.672 0.681 0.648 0.665 0.671 0.622 0.690 0.610 0.602 0.599 0.650

Xingtai 0.625 0.638 0.631 0.640 0.670 0.670 0.667 0.666 0.666 0.620 0.665 0.634 0.634 0.633 0.647

Baoding 0.721 0.724 0.721 0.739 0.748 0.747 0.743 0.766 0.784 0.720 0.956 0.857 0.857 0.861 0.782

Zhangjiakou 0.632 0.590 0.561 0.554 0.575 0.591 0.586 0.586 0.590 0.585 0.638 0.589 0.598 0.606 0.592

Chengde 0.643 0.645 0.628 0.624 0.667 0.673 0.656 0.638 0.642 0.624 0.624 0.613 0.610 0.609 0.635

Cangzhou 1.221 1.213 1.222 1.255 1.174 1.162 1.108 1.053 1.029 1.124 1.13 1.107 1.110 1.115 1.144

Langfang 0.741 0.756 0.748 0.747 0.735 0.738 0.740 0.774 0.742 0.718 0.709 0.716 0.701 0.687 0.732

Hengshui 1.044 0.675 0.670 0.672 0.671 0.710 0.714 0.689 0.738 0.782 1.026 1.086 1.120 1.153 0.839

Beijing 1.348 1.464 1.416 1.454 1.601 1.610 1.620 1.685 1.777 1.729 1.776 1.779 1.781 1.784 1.630

Tianjin 0.748 0.755 1.013 1.048 1.034 1.074 1.139 1.101 1.119 1.054 1.054 1.108 1.129 1.138 1.037
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the TFEE showed obvious regional differences. The 
TFEE trends of Beijing and Tianjin appear sharply 
increases, that of Shijiazhuang rises first and then falls. 
Nevertheless, and those of other cities remain almost 
unchanged. Specifically, the TFEE values of Tangshan, 
Qinhuangdao and Cangzhou are always larger than 1, 
and those of the rest cities (Handan, Xingtai, Baoding, 
Zhangjiakou, Chengde, Langfang, and Hengshui) are 
less than 1. 

In order to further analyze the diversity and 
the variation tendency of TFEE, this paper applied 
K-means to cluster the TFEE values, and divided 
13 cities into three groups: high efficiency, medium 
efficiency and low efficiency, presented in Table 2. It 
can be seen from Table 2 that Beijing, the only city 
in the high-efficiency area, has the highest energy 
efficiency in each year during the research period, with 
a value range from 1.300 to 1.800. Tianjin, Tangshan, 
Qinhuangdao and Cangzhou, located on the Bohai Bay, 
are in the medium-efficiency area. Especially, Tianjin, 
a municipality directly under the central government, 
has maintained a smooth and progressive development 
tendency since its TFEE value exceeded 1 in 2009. 
The TFEE values of other three cities in the medium-
efficiency area are higher than 1 each year. Eight cities 
have fallen into low-efficiency area, i.e., Shijiazhuang, 

Handan, Xingtai, Baoding, Zhangjiakou, Chengde, 
Langfang and Hengshui, with TFEE values ranging 
from 0.50 to 1.00.

In recent years, the BTH urban agglomeration 
has attached great importance to the use of clean 
energies and actively adjusted the energy consumption 
structure. In addition, it has also imposed stringent 
energy saving and emission reduction policies and 
continuously upgraded the industrial structure. These 
measures jointly have been promoting the improvement 
of TFEE. Even so, spatiotemporal diversities are 
apparent in the TFEE values among cities. Fig. 1 
illustrates the temporal and spatial distribution of 
TFEE of the 13 cities. The TFEE average values of 
Beijing from 2011 to 2015 and 2016~2020 are within 
the range of 1.300~1.499, apparently higher than that 
from 2007 to 2010 within the range of 1.55~1.85. The 
TFEE values of Tianjin have exceeded 1.00 after 2010, 
which is closely associated with their higher economic 
development level and flourishing tertiary industry. 
The TFEE of Qinhuangdao falls within 1.000~1.299, 
chiefly profiting from the development of its tourism 
industry. From 2016 to 2020, the TFEE average values 
of Baoding and Hengshui are within 0.800~0.999 and 
1.300~1.499, respectively, comparatively larger than 
that of prior years. The TFEE values of these cities have 

Table 2. The K-means Clustering Results of TFEE in BTH Urban Agglomeration.

Rank The range of TFEE City

High-efficiency area 1.30~1.80 Beijing 

Medium-efficiency area 1.00~1.30 Tianjin, Tangshan, Qinghuangdao, Cangzhou 

Low-efficiency area 0.50~1.00 Shijiazhuang, Handan, Xingtai, Baoding, Zhangjiakou, Chengde, Langfang, 
Hengshui 

Fig. 1. Temporal and Spatial Distribution of TFEE in BTH Urban Agglomeration.
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and then the ERE average value of each interval can be 
worked out. The calculation results are shown as Fig. 2 
(The rebound effect value in 2007 cannot be acquired 
owe to the time lag).

Fig. 2 shows that ERE exists in the BTH urban 
agglomeration in general, and the ERE of different 
cities are quite different. The ERE values of Tangshan, 
Baoding, Handan and Hengshui show upward trends, 
and greater than zero during 2014~2017, which means 
that the additional energy consumption brought about 
by technological advances has greatly offset the 
expected energy savings in these cities. Tangshan is 
the most economically powerful city in Hebei province, 
and its swift economic growth has also augmented 
the energy demand. Baoding, Handan and Hengshui 
are all in the low-efficiency area, and their common 
characteristic is that traditional secondary industry is 
dominant in economy structure. For these three cities, 
technological progress has led to more investment 
in physical production activities, and energy input 
partially has replaced labor and capital inputs. The 
ERE values of Beijing, Langfang, Tianjin, Cangzhou, 
Shijiazhuang, and Xingtai presents diminishing 
trends. From 2016 to 2020, the average ERE values 
of these cities were all less than zero and showed 
the characteristics of super energy saving, and the 
ERE was alleviated compared with other years. The 
average ERE value of Tianjin from 2016 to 2020 was 
still higher than zero, which means there is a partial 
rebound effect in energy consumption. As a metropolis 
in northern China, Beijing has almost the highest level 
of technological progress during the period 2007~2015, 
and it has greatly improved its productivity, accelerated 
its urbanization and enlarged its population. As a 
result, there has been a tremendous increase in energy 
demand, and Beijing’s energy consumption partially 
rebounded in 2008-2011 and 2012-2015. In recent 

been improved to a certain extent during 2011~2015 
and 2016~2020, that is, during the 12th Five Year Plan 
and the 13th Five Year Plan, indicating that these cities 
can timely grasp the opportunities brought by national 
economic development to actively promote their 
industrial transformation and upgrading.

Shijiazhuang's TFEE acts the characteristics of 
first going up and then down, increasing significantly 
from 2011 to 2015, decreasing slightly after 2016. 
Shijiazhuang positively tailored the secondary industrial 
structure during the “Twelfth Five-Year Plan” period, 
and cut the use of coal, which improved TFEE in the 
first two years of the “Twelfth Five-Year Plan”, and then 
the large-scale urban reconstruction activities hindered 
the improving trend of TFEE. The TFEE average values 
of Tangshan and Cangzhou sit within 1.000~1.299, both 
of them at a relatively high level in Hebei Province. 
Tangshan is one of the earliest modern industrial cities 
in China, and its economic development level (GDP) 
has always been ranked first in Hebei Province with 
high energy efficiency. Cangzhou has actively adjusted 
its economic development structure in recent years, 
exerted the advantages of facing the Bohai gulf to 
expand its open economy system. Besides, Cangzhou’s 
high-tech industry has been developed rapidly. TFEE 
values of Handan, Xingtai, Zhangjiakou, Chengde and 
Langfang vary in the range of 0.500~0.799. Obviously, 
these cities are relatively underdeveloped, and their 
traditional secondary industries are drags on their 
TFEE to some extent.

Analysis of Rebound Effect Measurement 
Results

The ERE values of each city from 2008 to 2020 are 
calculated by formula (7), divided into three intervals 
based on time: 2008~2011, 2012~2015 and 2016~2020, 

Fig. 2. Temporal and Spatial Distribution of ERE in BTH Urban Agglomeration.
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years, the integration of Beijing-Tianjin-Hebei and the 
implementation of the Xiong’an New District have 
brought Shijiazhuang a certain development space and 
provided opportunities for its industrial transformation 
and upgrading. Therefore, during the “12th Five-Year 
Plan” and “13th Five-Year Plan” period, Shijiazhuang’s 
energy consumption has been greatly saved. Cangzhou, 
located in the Bohai Rim region, benefiting from the 
coastal development advantages, has accelerated the 
pace of industrial restructuring and upgrading and 
limited the development of industries with high energy 
consumption and high pollution, thus its energy saving 
brought by technological progress has been completely 
conserved. Langfang is close to Beijing and Tianjin, and 
the unique geographical position provides conditions to 
speed up the development of the service industry with 
low energy intensity. Therefore, its ERE embodies as 
the super energy-saving type. 

The Connection between TFEE and ERE

In order to further explore the features of TFEE and 
ERE in BTH urban agglomeration, we classify the 13 
cities from two dimensions (TFEE and ERE), and give 
the TFEE-ERE clustering diagram as Fig. 3.

Fig. 3 displays that Beijing, Tianjin, Tangshan and 
Qinhuangdao belong to Area A with "high energy 
efficiency and high rebound". All of these four cities 
have the TFEE values greater than 1 and the ERE 
values between 0 and 1. Beijing, Tianjin and Tangshan 
are economically developed, which makes their 
demand for energy high. Despite the relatively low 
level of economic development in Qinhuangdao, the 
technological advances have reduced the proportion of 
energy costs, which has led to more energy demand, 

too. Hengshui, Baoding, Handan are classified as Area 
B with "low energy efficiency and high rebound". 
The secondary industries in these cities are energy 
intensive, so the demand for energy is also very strong. 
On the one hand, technological advances have improved 
energy efficiency and increased the energy-output 
elasticity. On the other hand, the substitution effect of 
energy on labor force and capital is expanding, which 
leads to lower energy conservation level than expected. 
Zhangjiakou, Chengde, Shijiazhuang, Langfang and 
Xingtai are situated in Area C with “low energy 
efficiency and low rebound”, TFEE mean values less 
than 1, and ERE mean values lower than zero. Due to 
the limited development (for example, the siphon effect 
leads to the concentration of talents and capital into 
Beijing and Tianjin), investments such as capital and 
labor in these four cities are insufficient, resulting in 
few improvement in energy efficiency. Cangzhou is the 
only city in Area D with “high energy efficiency and 
low rebound”, the TFEE values greater than 1 and the 
ERE values less than zero, which means that the energy 
savings brought about by technological progress have 
been completely conserved. Cangzhou, on the verge of 
Bohai Sea, has greatly promoted the development of 
various industries, such as information, software and 
other high-tech industries. In other words, its economic 
structure has been optimized and upgraded. When 
energy demand reaches saturation, the reduction in 
energy costs resulting from technological advances is 
minimal. 

In general, due to the different levels of economic 
development, production technology and industrial 
structure in BTH urban agglomeration, the impact 
of technological progress on TFEE is significantly 
different in space and time, as well as ERE.

Fig. 3. TFEE-ERE Clustering Diagram.



Ren F., et al.2280

Conclusions

This study calculated the TFEE and ERE of the 
13 cities in the BTH urban agglomeration from 2007 
to 2020. The relationship between TFEE and ERE is 
further explored through the two-dimensional cluster 
diagram. The findings include the following aspects: 
First, there are significant differences in TFEE between 
different cities in the BTH urban agglomeration. 
TFEE calculation results reveal that except for Beijing, 
Cangzhou, Qinhuangdao, and Tangshan with TFEE 
values larger than 1, the rest cities’ TFEE values vary 
from 0.5 to 1.0. Second, judging from the calculation 
results, the ERE caused by technological progress 
exists in BTH urban agglomerations as a whole, 
varies observably among cities, and even shows 
“reverse effects” in some cities. Third, different 
cities have significantly differences in the impact of 
technological progress on ERE and the temporal and 
spatial distribution characteristics of TFEE. Four cities 
(Beijing, Tianjin, Tangshan and Qinhuangdao) belong 
to Area A with “high energy efficiency and high 
rebound”. Three cities (Hengshui, Baoding, Handan) 
are classified as Area B with “low energy efficiency 
and high rebound”. Five cities (Zhangjiakou, Chengde, 
Shijiazhuang, Langfang and Xingtai) are situated in 
Area C with “low energy efficiency and low rebound”. 
Only one city (Cangzhou) is in Area D with “high 
energy efficiency and low rebound”. From TFEE-ERE 
clustering diagram, we can see that the city in Area D 
has the best development trend, followed by those in 
Area A and Area C, and cities in Area B are the worst 
off. Therefore, we propose a roadmap for urban energy 
efficiency development in the BTH region. The aim 
vision for cities in BTH urban agglomeration should be 
as follows: most cities are located in Area D with high 
TFEE and low ERE. Therefore, the future direction of 
efforts should be as follows: Cities in Areas A, B and 
C should gradually strive to be closer to Area D by 
formulating and implementing scientific policies and 
strategies.

In the light of the roadmap mentioned above, this 
paper gives the following suggestions: (1) Further 
optimize the industrial structure. Compared with Beijing 
and Tianjin, Hebei province's industrial structure is 
"heavy" (energy-resource-intensive industries), and the 
service industry also has a large space for development. 
So, cities in Hebei province should sustain to bend 
their efforts for the optimization of industrial structure 
and promote the development of the tertiary industry 
vigorously. Energy-inefficient cities need to make 
great efforts to transform and upgrade their traditional 
manufacturing industries, and take the opportunity 
of industry 4.0 to accelerate the deep integration of 
traditional manufacturing and service industries with 
informatization, automation and artificial intelligence. 
In addition, BTH urban agglomeration should strive 
to jointly develop modern manufacturing and service 
industries with high technological content and high 

added value of labor, so as to become the twin engines 
driving economic development. (2) Government 
intervention and market regulation go hand in hand. 
Cities should strengthen their investment review 
systems for government projects to reduce duplication 
of construction and inefficient energy use caused by 
bad decisions. Municipal authorities should strengthen 
macro-control and moderately relax their direct 
intervention in the market. Moreover, enterprises with 
high energy consumption and high pollution should 
be phased out to promote the rational allocation 
of resources by improving the market supervision 
mechanism and creating an effective market competition 
environment. (3) Improve environmental laws and 
regulations and optimize the energy mix.  Cities should 
strengthen environmental protection legislation and 
clarify the environmental responsibility of enterprises. 
Municipalities should strictly control the emission 
of pollutants such as nitrogen oxides and increase 
penalties for environmental pollution. Besides, strategic 
investment in energy conservation and environmental 
protection industries should be augmented reasonably. 
Enterprises with high energy consumption should 
vigorously increase the use of renewable energy such as 
wind, hydropower and biomass and reduce the use of 
primary energy such as coal and oil. These measures 
will further promote energy conservation and emission 
reduction in the production sectors. (4) Reduce the 
energy rebound effect (ERE). The existence of ERE 
indicates that the expected goal of energy conservation 
cannot be achieved only by relying on technological 
progress, and needs to be coordinated with other 
policies and measures. However, we should also note 
that ERE values in most cities are less than 1, which 
means that technological progress is still a booster  
for energy conservation. Cities should stimulate  
energy efficiency management, energy conservation 
and emission reduction through technological  
progress, government regulation and energy price 
reform, and continue to implement carbon tax and  
clean energy subsidy policies. Practice has proved 
that the implementation of environmental policies  
can reduce the energy consumption and carbon 
emissions to a certain extent. Furthermore, advancing 
energy price reform and increasing energy consumers' 
sensitivity to energy prices can also weaken ERE to 
some extent, too. 

In this paper, TFEE and ERE are adjoined to study 
the temporal and spatial distribution in BTH urban 
agglomeration. The development stages of each city 
are deeply analyzed by TFEE-ERE matrix, and the 
evolution roadmap of energy conservation and emission 
reduction in the future is proposed. However, there are 
still some deficiencies in our study. Only one undesired 
output is considered; Only the quantity of labor input 
is considered, not its quality; The factors that influence 
energy efficiency are not considered comprehensively; 
The roadmap for improving energy efficiency and 
energy rebound effect needs further improvement, and 
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so on. The deficiencies above can be solved in future 
research. 
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