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Abstract
Improving energy conservation efficiency is one of the prerequisites for China’s manufacturing industry to transform and
upgrade. Jiangsu province which presents the maximum economic volume in manufacturing and its economic status in eastern
China is comparable to Shanghai. Research on the sustainable development capacity of Jiangsu’s manufacturing industry gives
important guidance for upgrading the manufacturing industry all over China. The core of China’s manufacturing transition to a
manufacturing power is to enhance its independent innovation capabilities to improve energy efficiency and its position in the
global value chain. Therefore, it is important to study the impact of technological factor on energy conservation potential and the
transformation and upgrading of manufacturing. In this paper, multivariate regression research method combined with risk
analysis is developed to explore the influence of the research and development factor on energy conservation while introducing
macroeconomic variables. Additionally, energy conservation of manufacturing in Jiangsu province in 2020 and 2025 based on
historical data from 1985 to 2015 is predicted. Compared with the business-as-usual scenario, the advanced scenario could reduce
by 44.07Mtce and 87.60Mtce in 2020 and 2025, respectively. Thus, the results indicate that there is much room for improvement
in terms of the energy efficiency for Jiangsu province.

Keywords Provincial manufacturing industry . Energy conservation potential . Multivariate regressionmodel with risk analysis

Introduction

Since the reform and opening up, China has become the
world’s largest manufacturing economy. From the China
Statistical Yearbook (http://www.stats.gov.cn/tjsj/ndsj/),
manufacturing has created 1/3 of GDP. Hu et al. (2019) point
out that a comprehensive and independent industrial system
has been established in China, which is vigorously promoting
China’s industrialization and modernization. Hence,
manufacturing is not only an important part of the national
economy, but also an engine of repid economic development.

However, the direct pressure comes from rapid economic
development based on the manufacturing industry is energy
consumption. With the acceleration of China’s industrialization
and urbanization, the development of the national economy is

increasingly dependent on energy (Du et al. 2019). According
to the China Energy Statistical Yearbook (http://data.stats.gov.
cn/easyquery.htm?cn=C01), the proportion of energy
consumed by the manufacturing industry accounted for about
half of the total energy consumption; the details of which can be
seen in Fig. 1. Meanwhile, China’s energy consumption is
dominated by coal, which is not a clean form of energy and
the main source of air pollution (Ahmed and Stater 2017).
Therefore, with the purposes of resource constraints and sus-
tainable development, it is urgent to promote energy conserva-
tion and improve energy efficiency.

The indirect pressure comes from the adjustment of
China’s development strategy. The Chinese government em-
phasizes that the Chinese economic progress has entered a
“new era,” in which the development feature is shifting from
a high speed growth rate to a high-quality development stage
based on technological innovation. The adjusted strategy re-
quires the transformation of China’s manufacturing industry
from one of quantity to one of quality. Research and develop-
ment (R&D) is one of the most effective indicators to measure
the level of technological innovation development.
Unfortunately, compared with developed countries, Chinese
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manufacturing industry is at the low end of the global value
chain. By 2015, the ratio of R&D expenditure to GDP was
2.07% (China Statistical Yearbook http://www.stats.gov.cn/
tjsj/ndsj/). German spending on R&D accounted for 3% of
their GDP in 2015. By contrast, China’s research capacity
needs to be improved. Combining the direct and indirect
pressures of China’s manufacturing industry, the research on
the impact of R&D investments on energy consumption is
distinctly important and significant.

The Chinese government has recognized the pressures on
the manufacturing industry. They have adopted a series of mea-
sures, such as selecting pilot demonstration cities and
implementing smart manufacturing strategies. The performance
of chosen pilot demonstration cities is the most representative
with the characteristics of being strong in processing and
manufacturing but being weak in technology, which could be
a typical microcosm of China’s manufacturing industry. Our
research focus on Jiangsu province which presents the maxi-
mum economic volume in manufacturing, and its economic
status in eastern China is comparable to Shanghai’s economic
status. From the perspective of energy consumption, the
Jiangsu provincial manufacturing industry has a significant im-
pact on the regional economic growth and is also the main
power for the regional economic development. Its manufactur-
ing sector (accounting for more than 94%) has long maintained
its contribution to the regional GDP at more than 50%, adjusted
to 46% to 48% in the last two years (Jiangsu Province Statistical
Yearbook http://www.jssb.gov.cn/tjxxgk/tjsj/tjnq/nj2017/
index1508.html). The continuous development of the
manufacturing industry consumes significant amounts of ener-
gy. According to the China Energy Statistical Yearbook (http://
data.stats.gov.cn/easyquery.htm?cn=C01), the energy
consumption of Jiangsu provincial manufacturing in 2015
was eight times that of 1985. However, energy resources are
scarce in the Jiangsu province and the total energy consumption
has been increasing in recent years. Therefore, how exactly to
improve the energy efficiency has become an important issue in

Jiangsu and throughout all of China. From the perspective of
R&D investments, Jiangsu provincial R&D expenditure is
1801.23 billion China Yuan (CNY) and the ratio of R&D ex-
penditure to GDP is 2.57% (Jiangsu Province Statistical
Yearbook http://www.jssb.gov.cn/tjxxgk/tjsj/tjnq/nj2017/
index1508.html). Under the context of intelligent manufactur-
ing, the Jiangsu provincial government in 2015 issued an action
plan, which was aimed at proposing a development plan based
on innovation.

In the critical moment of economic transformation and in-
dustrial upgrading, research on the sustainable development
capacity of Jiangsu’s manufacturing industry has an important
guiding meaning for upgrading the manufacturing industry of
China. Based on this scenario, the analysis of technological
innovation in the manufacturing industry of Jiangsu province
for energy conservation and the transformation and upgrading
of the manufacturing industry is conducive to improving the
energy efficiency of Jiangsu province and providing a refer-
ence for the transformation and upgrading of China’s
manufacturing industry. In this paper, first, considering the
influence of the R&D factor on energy conservation while
introducing the macroeconomic variables, we will explore
the new mode and new path of transformation and upgrading
the manufacturing industry in the “new era,” and give relevant
policy recommendations. Additionally, it could also help
to improve the productivity and competitiveness in the
manufacturing area. Second, fully understand the current en-
ergy demand situation of the manufacturing industry in
Jiangsu province, and predict the future energy conservation
potential, providing a reference for government departments
to formulate future energy policies.

The contents and structures of this paper are as follows:
Section 2 presents literature reviews on the different research
methods used to study the energy efficiency of various indus-
tries. Section 3 outlines the methodology and data sources.
Section 4 offers the multivariate regression results. Section 5
analyzes the energy conservation potential. Finally, Section 6
summarizes the findings and gives some policy suggestions.

Literature review

An increasing number of researchers have been attracted to
energy efficiency and energy-saving potential with the global
climate and environmental problems being given more atten-
tion by many nations (Shao et al. 2017). Early research meth-
od for energy conservation potential was mainly conservation
supply curves. Worrell et al. (2000) employed the conserva-
tion supply curves to present the potential of energy efficiency
improvement and CO2 emission reduction of the steel industry
in the United States. The energy conservation potential of the
cement industry was evaluated by He et al. (2010) and
Hasanbeigi et al. (2010) utilized the conservation supply
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curves method. This research method was also employed for
assessing the energy efficiency potential of the industrial mo-
tor system (Ghosh and Blackhurst 2014). Additionally,
Hasanbeigi et al. (2013) used conservation supply curves to
study the cumulative power saving potential of China’s steel
industry. Chen et al. (2017) employed a bottom-up approach
combines the conservation supply curves approach and break-
even analysis to analyze the costs and potentials of energy
conservation in China’s coal-fired industry. By summing up
the previous research literatures, we know that this research
method is to calculate the energy-saving potential by
recalculating the relationship between existing technology
development and economic expenditure. Lin et al. (2012)
pointed out this research has its own advantage, which
is considered the relationship between energy cost and
energy-saving potential. However, the conservation supply
curves method does not consider the dynamic changes in the
future, this research method based on existing energy technol-
ogies only. Hence, this research method cannot predict the
future energy conservation potential.

Energy demand could be estimated by the data envelopment
analysis (DEA)model. Li and Lin (2016) adopted the three-stage
DEA to study thirty counties in China and their energy efficiency.
Yang and Yang (2016) employed the DEA research method to
evaluate and compare the different energy-intensive industries in
the period from 2000 to 2001. Huang et al. (2019) used the DEA
research method to analyze the energy demand in Sichuan-
Chongqing region between the 2005–2016 period. The results
indicate that an improvement in total factor productivity plays a
positive but insignificant role in decreasing energy demand. Zaim
(2004) utilized the DEA to measure the environmental perfor-
mance of state manufacturing through changes in the pollution
intensities. Lundgren et al. (2016) estimated the firm level energy
demand and energy efficiency for 14 sectors in Swedish
manufacturing by employing this research method. DEA con-
siders the optimal input and output options. Nevertheless, the
DEA is applicable to the validity of multiple-input and
multiple-output evaluation, but it cannot be used for forecasting.

Regression analysis is often used to study the relationship
between variables, such as technology, GDP, energy price, and
economic structure, as well as energy structure. Using this meth-
od, the relationship between variables is analyzed first, and then
the energy demand and energy-saving potential are predicted on
the basis. For example, Lin et al. (2012) used the multivariate
regression model to evaluate the energy-saving potential of the
Chinese steel industry. The results found that R&D intensity,
energy-saving investment, labor productivity, and industry
concentration are all important variables that affect energy
intensity. Mi et al. (2017) employed this research method, noted
that China’s carbon dioxide emissions will peak in 2026. An
improved C-D production function model was developed by
Handgraaf et al. (2013) to explore the relationship between en-
ergy consumption, economic growth, and carbon emissions in

China from 1991 to 2009. Yuan et al. (2009) employed the
Cobb-Douglas production function to find the nexus among
energy intensity, labor, capital, and technologies. Lin and Chen
(2018) utilized the co-integration method to test the relationship
among energy consumption and three explanatory variables dur-
ing the period 1980–2013. Lin and Lin (2017) used the co-
integration method to explore the relationship between energy
consumption of the heating industry and the factors including
GDP, urban population density, central heating supply areas, and
fuel price. Results indicate that GDP has a positive relationship
with the energy consumption, and urban population density and
central heating areas have both negative relationships with ener-
gy consumption. This research method is based on a time series
to discover the casual linkages between variables; however, the
downside of this research method relies on the quality and avail-
ability of historical data. Compared with other regression analy-
sis, the co-integration research method overcomes the pseudo
correlation of the time series, but the data also need to be tested
for stability.

In summary, the previous researches and literatures on ener-
gy demand, as well as energy-saving potential, are vast, but
these researches could be divided into two categories: energy
efficiency perspective and relative relationships between vari-
ables. In this study, we mainly focus on the topic on the relative
relationships between variables. In the context of the develop-
ment of the new era, the Chinese government has put forward
new requirements for the transformation and upgrading of the
manufacturing industry. In this study, we take themanufacturing
industry in Jiangsu province as research object to analyze the
impact of R&D factors on energy conservation potential while
introducing macroeconomic variables. Considering the stability
of the model and the credibility of the experimental results, we
use multivariate linear regression to avoid pseudo-regression to
explore the long-term equilibrium relationship between energy
consumption and its influencing factors. In addition, risk analy-
sis is employed to verify the credibility of prediction results.

Methodology and data sources

Methodology

In reality, economic variables are non-stationary and pseudo-
regression will be likely to occur, but their linear combination
may be stationary. Based on this, the co-integration proposed by
Granger and Engle in 1987, they pointed out that there exists a
co-integration relationship between the time series data. They
revealed that independent series are integrated of the same order,
i.e., the time series should first be I (1) to implement the co-
integration. Therefore, before co-integration analysis, it is neces-
sary to ensure whether the time series are I (1). For the purpose, it
is required to employ the unit root test. In this study, the
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Augmented Dickey-Fuller test (ADF) and the Phillips-Perron
test (PP) are utilized.

The Augmented Dickey-Fuller unit root test is derived based
on the following ordinary least squares (OLS) regression:

Δyt ¼ β0 þ a0t þ a1yt−1 þ ∑
m

i¼1
βiΔyt−i þ μt ð1Þ

In this formula, yt is the variable in period t;Δyt − 1 is yt − 1
− yt − 2; μt is the independent identically distributed distur-
bance with the mean 0 and variance 1; t is the linear time trend
and m denotes the lags. If a1 is significantly less than 0, the
null hypothesis of the unit root should be reject. The PP test is
similar to the ADF test, but is remarkably insensitive to the
heteroscedasticity and the autocorrelation of the residual er-
rors. To ensure the validity of the unit root test, ADF test and
PP test are both adopted in this paper.

If all the time series in this paper are I(1), then we can
continue to test whether a co-integration relationship exists.
Two most popular methods to test for the existence of co-
integration relationship between variables are the two-step
procedure and maximum likelihood method (Johansen and
Juselius) (Lin and Chen 2018). Two-step procedure provided
by Engle and Granger (1987), it can only test single equation.
Maximum likelihood method is provided by Johansen and
Juselius (1990) and Johansen (1995); this research method
could test the co-integration relationship between variables,
and also determine the number of co-integration vectors.
Considering this study includes more than two variables,
Johansenmaximum likelihoodmethod is employed to explore
the long-term equilibrium relationship between all variables.

Risk analysis

In order to make sure the forecast results are reliable, the risk
analysis model is introduced to verify the co-integration mod-
el, and to describe the changing trend of annual growth rate
from the perspective of probability theory. In this study, the
block bootstrap method is adopted to implement the risk anal-
ysis to test the reliability of prediction results, which could
overcome the shortcomings of the static prediction process.

The block bootstrap method is a simulation sampling sta-
tistical inference method based on the historical data, and it is
a standard method for bootstrapping time series (Paparoditis
and Politis 2002). The bootstrap method is suitable for a small
size sample, which the sample volume is expanded by the
resampling, and the empirical distribution of the sample se-
quence statistics is obtained. The basic principle of the boot-
strap method is to consider a random sampling sequence with
a length n from a fully uncertain P: S0 = {x1, x2,…, xn}.
Among them, xi is the independent random sampling of the
distribution, which is the basic requirement of the bootstrap
method. Let tn denote the value of a specific sample statistics

T. The bootstrap method resamples the original samples re-
peatedly and extracts random samples of B with a capacity of

n from sampleS0, which is represented by S
0
i (the subscript i

means i resampl ing i te ra t ions ) . The order S
0
i ¼

x
0
1; x

0
2;…; x

0
n

� �
represents a simple random replacement sam-

ple extracted from S0, which is called the bootstrap sample.

For each subsampleS
0
i, the T value is calculated, presented

by t
0
1; t

0
2;…; t

0
B

� �
. The distribution of these T values is called

the empirical distribution of the bootstrap. If B is sufficiently
large, through repeated sampling from S0, an approximation
value for statistic T is provided. In this paper, Matalab is used
to do the block bootstrap simulation process for 5000 times.

Scenario design

Scenario analysis is a method of describing and simulating var-
ious scenarios that will occur on the premise that certain phe-
nomena and trends can continue to develop in the future. It is an
analytical method with more emphasis on technology develop-
ment and innovation (Amer et al. 2013). As one of the forecast-
ing methods, the main purpose of the scenario analysis is to deal
with the uncertain future, and the key step of the scenario anal-
ysis is to identify the uncertainty effectively (Dong et al. 2018).
Lin and Lin (2017) also pointed out that scenario analysis is an
adaptive and mature method for illustrating the development
potential of highly complex systems in the future.

There is a lot of discussion and literature on scenario anal-
ysis, such as Lin and Ouyang (2014), Lin and Xie (2015), and
Lin and Tan (2017), but past experience has shown that about
three options are the best for further discussion, as more solu-
tions will lead to unclear analysis. Therefore, in this paper,
three scenario analysis will be considered: business-as-usual
(BAU) scenario, moderate scenario, and advanced scenario.
The BAU scenario is based on the average annual growth rate
during the period of 1985–2015 to set the future annual
growth rate of the variables. This scenario is set assuming that
future development trends will maintain the current high
growth model. The scenario setting and forecasting time point
is based on the government’s development plan and related
policies. The advanced scenario is that the government has
implemented a strict set of policies according to the develop-
ment goals set by the government, so that each of the influenc-
ing factors is developed in such a way that can save the most
energy in the economic reality. The moderate scenario is be-
tween the BAU scenario and the advanced scenario, which is
based on realistic economic development programs, that is
13th Five-year Plan. Based on this, in this paper, we selected
2020 and 2025 as the specific year to predict the manufactur-
ing energy conservation. 2020 is the end of the 13th Five-Year
Plan. According to relevant government policies, the goal of
the 13th Five-Year Plan is to achieve industrialization and
industrial energy consumption and emissions of pollutants
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decreased significantly. In order to move from being a big
manufacturer to a strongmanufacturer, the government imple-
ment the first 10-year plan (2016–2025). The development
goal of 2025 is to build on the basis of technological innova-
tion and applications; the industrial added value, energy con-
sumption, and pollutant emissions of key industries will reach
world advanced levels; and the status of manufacturing in the
global value chain will be significantly improved.

Data presentation

In this paper, the research object is the Jiangsu manufacturing
industry. Considering the availability of data, and the actual
economic cycle of China (Five-Year Plan), the research period
is from 1985 to 2015. First of all, we are attempting to study
whether there is a long-term equilibrium between energy con-
sumption, GDP, industry structure, energy price, and R&D.
Then, we will further explore the future energy-saving poten-
tial of the Jiangsu provincial manufacturing industry.

Energy consumption of the Jiangsu manufacturing
industry

The energy consumption of the Jiangsu provincial
manufacturing is the explanatory variable, which includes
the raw coal, coke, crude oil, gasoline, petroleum, diesel, fuel
oil and liquefied petroleum gas. Figure 2 presents the energy
consumption trend of the manufacturing industry in Jiangsu
during the study period. Annual data of the manufacturing
industry over 1985–2015 are collected from Jiangsu
Province Statistical Yearbook.

Gross domestic product

Generally, economic growth is usually regarded as an impor-
tant explanatory variable of the energy consumption (Wang
and Wang 2015). Kasman and Duman (2015) noted that there

is panel causality running from the gross domestic product
(GDP) to energy consumption. As shown in Fig. 3, the energy
consumption and the GDP are both on the rise during the
research period. Thus, we assume that there is a positive rela-
tionship between the energy consumption and GDP. The GDP
data can be obtained from the Jiangsu Province Statistical
Yearbook and the data is calculated at 1990 constant price.

Energy price

In China, the energy price is more sensitive as is partially or
completely controlled by the government in China. In recent
years, energy price reform has been a top priority for govern-
ment. Generally, if energy demand is high, energy prices will be
high and vice versa. Lin and Chen (2018) pointed out that energy
price is a main determinant of energy demand. Gamtessa and
Olani (2018) found that the relationship between the energy-
output ratio and the real energy price is negative, which means
the energy price could mitigate the energy consumption.
Therefore, energy price should be considered in this model. As
we mentioned before, the energy consumption includes all ener-
gy forms: raw coal, coke, crude oil, gasoline, petroleum, diesel,
fuel oil, and liquefied petroleum gas. Lin and Chen (2018) stated
that enterprises purchase rawmaterials and energy resource in the
market; the fuel and power purchasing price index could reflect
the extent and direction or raw materials, fuel and electric power
in the resourcemarket. Hence, considering the availability of data
and could better reflect the annual changes, we select the fuel and
power purchasing price index instead of real energy price. The
data is obtained from the Jiangsu Province Statistical Yearbook.
We convert them into base-year price of 1990 by using the GDP
deflator.

Industry structure

The manufacturing industry is the main driving force of the
national economic development. China should reduce the
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proportion of industrial added value in GDP, and encourage
technological progress to continuously reduce energy intensi-
ty (Li and Lin 2014). Figure 4 shows details from the enter-
prise level to demonstrate that the manufacturing enterprises
occupied almost all of the industry enterprises. In terms of the
total output in Jiangsu, from Fig. 5, we can obtain that the
manufacturing industry output occupies half of the second
industry output. In other words, manufacturing is the main
component of the secondary industry in Jiangsu province.
Hence, we assume that the manufacturing demand energy in
Jiangsu has a positive relationship with the second industry.
The industry structure refers to the proportion of secondary
industry, and the data could be obtained from the Jiangsu
Province Statistical Yearbook.

Research and development

Li and Lin (2014) noted that technical progress has either a
negative impact on the energy efficiency or it could help to
reduce energy intensity. We will explore what exactly is the
impact on the energy demand in this article. Thus, we take the
research and development (R&D) expenditure as the variable
to analyze the effect of the technical progress on the energy
consumption. The R&D expenditure data can be collected
from the Jiangsu Province Statistical Yearbook and the data
converted into 1990 constant price. Table 1 summarizes all the
variables used in this study and lists data sources. Besides, in
order to avoid heteroscedasticity, all the variables in this study
use the logarithmic form.

Model results

Results of unit root test

In this study, we use the ADF test and the PP test for the
stability test. The unit root test results can be seen in Table 2.

From Table 2, the results show that lnE, lnIS, and lnP reject
the null hypothesis, and lnGDP and lnRD fail to reject the null
hypothesis. After the first difference, all the variables reject the
null hypothesis and become stationary. Next, the co-
integration test will be conducted.

Johansen co-integration

The VAR model is first built in the co-integration test, accord-
ing to the sequential-modified LR test statistic (LR), Final
prediction error (FPE), Akaike information criterion (AIC),
Schwarz information criterion (SC), and Hannan-Quinn infor-
mation criterion (HQ) to select the optimal lag order. As pre-
sented in Table 3, the optimal lag order is 2 according to the
criteria.

Then, the co-integration test determines whether there is a
co-integration relationship between the variables. The results
of the unrestricted co-integration rank test are shown in
Table 4 and Table 5.

Table 4 and Table 5 present the trace test and max-
eigenvalue test, and the results both indicate that there are 2
integration equations at the significant level of 0.05. Thus, the
manufacturing energy consumption, industry structure, GDP,
R&D expenditure, and the energy price have a long-run equi-
librium relationship.

Hence, the co-integration equation can be obtained as fol-
lows:

lnE ¼ 0:3 lnGDPþ 1:1 lnIS−2:8 lnP−0:6 lnRDþ 8:84
0:11ð Þ 0:27ð Þ 0:30ð Þ 0:07ð Þ

ð2Þ

Among them, the standard error in parentheses, and the
corresponding co-integration vectors are:

β ¼ 0:3; 1:1;−2:8;−0:6ð Þ

After an empirical analysis, the co-integration model has
significant coefficients, which are all tested by t-statistic.
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By analyzing the results of the model, several conclusions
can be drawn. First, a long-run equilibrium relationship exists
between all the variables from 1985 to 2015. Second, the
elasticity coefficients indicate that a 1% growth of the GDP
and the industry structure will lead to a 0.3% and 1.1% in-
crease in the energy consumption of manufacturing, respec-
tively. Put another way, the GDP and industry structure both
have positive nexuses with the energy demand of the Jiangsu
province’s manufacturing industry. The results are in line with
the expectations of the relevant economic theories.

Third, the energy price and R&D both have negative rela-
tionships with the energy demand. The elasticity coefficient
indicates that an increase in the R&D investment of 1% will
reduce the energy consumption of the manufacturing industry
by 0.6%. The energy price elasticity is − 2.8, which shows that
energy price fluctuations in Jiangsu province are the most sen-
sitive to changes in energy consumption. The energy consump-
tion will decrease by − 2.8% with a 1% increase in the energy
price. China’s energy price is affected by government control
policy, so it incentivizes the manufacturing industry to save
energy. To make ensure the co-integration model stability, next
we will conduct a stability test with the results as below.

Model stability

Because the co-integration equation obtained by the VARmodel
does not guarantee that the estimated coefficients are stable, in
order to ensure that the co-integration relationship of our choice
is in good form, a stability test should be conducted.

The stability test results are presented in Fig. 6 and Table 6.
The results show that no root lies outside the unit circle and all
eigenvalues of the adjoint matrix are smaller than 1. Hence,
the VAR satisfies the stability condition. Figures 7 and 8 illus-
trate that the plots of the CUSUM and CUSUMSQ statistics
are confined within the 5% critical bounds of parameter sta-
bility. Thus, it can be concluded that the co-integration model
is stable and the results are reliable.

Analysis on energy-saving potential
of manufacturing industry

Risk analysis of reasonable prediction results

The aim of this study is to explore the energy conservation of
the Jiangsu provincial manufacturing industry. Therefore,
three energy conservation scenarios are constructed: BAU
scenario, moderate scenario, and advanced scenario. Before
predicting the energy conservation, we first must evaluate the
average annual growth trend of all variables from previous
years. Figure 9 presents the tendency of all independent vari-
ables: the Jiangsu provincial manufacturing of the energy con-
sumption, GDP, industry structure, R&D, as well as the ener-
gy price index. Through an analysis of the historical data, we
obtain the average annual growth rate of Jiangsu’s GDP, in-
dustry structure, energy price index, and R&D, which is 9.6%,
− 2.8%, 3.6%, and 2.1%, respectively.

We assume that Jiangsu’s economy will keep in the current
annual growth trend in the future. The BAU scenario can be
set as content, based on the average annual rate of change in
previous years. Therefore, according to the measurement of
the current level of economic development and combinedwith
Eq. (2), under the BAU condition, we can calculate that the
manufacturing energy consumption in 2020 and 2025 will be
368.38 Mtce and 397.95 Mtce, respectively.

The BAU scenario results are based on the annual growth
rate of the historical data. However, along with the develop-
ment of the Chinese economy, every independent variable of
the annual growth rate in the future is uncertain. Therefore,
multiple probabilities and their corresponding consequences
should be considered in a reasonable prediction. Hence, a risk

Table 1 All variables and data
sources Variables Definition Unit Data resources

LnE Manufacturing energy
consumption (E)

Mtce (million ton coal
equivalent)

Jiangsu Province Statistical Yearbook
(http://www.jssb.gov.
cn/tjxxgk/tjsj/tjnq/nj2017/index1508.
html)

LnGDP Gross domestic products
(GDP)

108 Yuan

LnP Energy price (P) 1990 = 100

LnIS Industrial structure (IS) %

LnRD Research and
development (RD)

108 Yuan

Table 2 Results of the unit root test

Level First differences
ADF PP ADF PP

lnE − 3.88** − 1.75 − 4.14** − 4.33***
lnGDP 0.59 1.45 − 4.05** − 2.72*
lnIS − 2.85* − 2.77* − 4.62*** − 8.84***
lnP − 3.65** − 3.59** − 5.38*** − 7.65***
lnRD 0.28 6.96 − 3.24* − 2.88*

***, **, and * indicate significance at 1%, 5%, and 10% level,
respectively
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analysis is adopted to explore whether the results are reason-
able and stable. The block bootstrap will be employed to per-
form the risk analysis.

Our research period is during 1985 to 2015, and the block
bootstrap research method is suited for a limited sample.
China formulated and implemented the first Five-Year Plan
(FYP) in 1953, having completed a total of 12 Five-Year Plans
by the end of 2015. The FYP has been closely integrated with
the development of China’s past for more than 60 years. In this
study, the data covers 1985 to 2015 with five-year segments
according to the FYP; in other words, the length of the data
block is 5. The block bootstrap will be adopted to generate
random numbers to project the energy consumption space
about the manufacturing industry in 2020. Therefore, based
on the random segments of the historical data and the resam-
pling of it, multiple groups of random numbers can be
obtained.

Figure 10 represents all the possible linear distributions of
the energy demand of the manufacturing industry from 2016 to
2020. Through the block bootstrap simulated analysis, based on
the historical data, the energy consumption presents an increas-
ing trend, with the growth interval between 100 and 500 Mtce.
By 2020, the main distribution intervals will be concentrated
between 300 and 400 Mtce. As mentioned before, under the
BAU scenario, the energy demand in 2020 will be
368.38 Mtce. The rationality of the prediction is verified when
compared with the results obtained from the block bootstrap.

The other two scenarios, the moderate scenario and
advantaged scenario, will consider the economic growth mod-
el and the energy-saving policy. Next, we will present the
results and the analysis of the energy conservation potential

of manufacturing in Jiangsu province for different saving
scenarios.

Energy conservation potential prediction

The characteristics of China’s economic development are
changing from a high-speed growth to a medium-high growth,
as well as, it is in the key point of changing the method of
development and optimizing the economic structure. Our
forecast period is from 2016 to 2025. As mentioned before,
the BAU scenario is based on the average growth rate of all
the variables during 1985 to 2015. A moderate scenario and
advanced scenario are set to take a relatively stricter economic
development policy.

Considering that the five-year plan is the framework guid-
ance by the Chinese government for macroeconomic activi-
ties, it is essential to set goals and directions for the national
economic development vision. Hence, the moderate scenario
average annual growth rate is based on the 13th Five-Year
Plan. Compared with the moderate scenario, the advanced
scenario will be given a more stringent policy to achieve the
sustainable economic development.

Therefore, regarding the GDP, on the basis of the 13th
Five-Year Plan, the economy will continue to grow at a
medium-to-high speed and the GDP is expected to increase
at an average annual growth rate of 6.5%. Meanwhile, Jiangsu
province actively adjusts its structure and promotes industrial
transformation, and the growth rate of industrial production
has declined somewhat. Thus, according to the target, we set
the moderate scenario goal at 6.5%. As China’s economy is
still in the stage of rapid development, the demand for energy

Table 3 Optimal lag selection criteria

Lag LogL LR FPE AIC SC HQ

1 177.9575 NA 1.26e-11 − 10.92554 − 9.736070* − 10.56191
2 208.2839 38.99097* 9.98e-12* − 11.30599* − 8.927053 − 10.57872*

*Indicates lag order selected by the criterion

Table 5 Unrestricted co-integration rank test of maximum eigenvalue.

Hypothesized Max-
Eigen

0.05

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None * 0.781469 44.10396 33.87687 0.0022

At most 1 * 0.684450 33.44968 27.58434 0.0078

At most 2 0.389148 14.29413 21.13162 0.3414

At most 3 0.126192 3.911944 14.26460 0.8685

At most 4 0.068571 2.060012 3.841466 0.1512

Max-eigenvalue test indicates 2 cointegrating eqn(s) at the 0.05 level

* denotes rejection of the hypothesis at the 0.05 level

**MacKinnon et al. (1999) p-values

Table 4 Unrestricted co-integration rank test of trace

Hypothesized Trace 0.05
No. of CE (s) Eigenvalue Statistic Critical value Prob.**

None * 0.781469 97.81972 69.81889 0.0001

At most 1 * 0.684450 53.71576 47.85613 0.0127

At most 2 0.389148 20.26608 29.79707 0.4050

At most 3 0.126192 5.971956 15.49471 0.6989

At most 4 0.068571 2.060012 3.841466 0.1512

Trace test indicates 2 cointegrating eqn(s) at the 0.05 level

*Denotes rejection of the hypothesis at the 0.05 level

**MacKinnon et al. (1999) p values
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is still high, so the government should take a strict policy to
constraint on energy demand and ensure a sustainable eco-
nomic development; thus, the advanced scenario is set at
5.5%.

In light of economic theory and Eq. (2), the energy price is
negative with the energy demand. Additionally, a number of
studies conducted by scholars have been noted that one of the
most effective ways of achieving energy conservation is rais-
ing the energy price. For instance, Lin and Ouyang (2014), as
well as Andor and Fels (2018), support this view. Energy
prices are affected by government policies, therefore, the gov-
ernment will continue to play an important role in setting the
energy price in the future. In addition, with the recent energy
shortage in Jiangsu province, and for the purpose of maintain-
ing sustainable development, the energy price should continue
to increase to improve the energy efficiency. The historical
data shows that the energy prices show a trend of fluctuation,
with an average annual growth rate of 3.6%. Hence, under the
moderate scenario, we set the average annual growth of the
energy price at 6% and the advanced scenario at 8%.

As proposed in 13th Five-Year-Plan, China’s industrial
structure is adjusted, which reduce the proportion of second-
ary production and increased the proportion of tertiary indus-
try. According to the Jiangsu provincial Statistic Yearbook, at
the end of the 12th Five-Year Plan, the proportion of the ter-
tiary was 46.5%, and the second industry proportion was
51.8%. The historical data shows that the proportion of the
second industry has presented a declining trend of − 2.8%.
Thus, under the influence of sustainable development policies,
in the moderate scenario and advanced scenario, the average
annual growth rate of the industry structure is − 4% and − 8%,
respectively.

Intelligent manufacturing adheres to the basic principles of
being innovation-driven. Yuan et al. (2010) analyzed the effect
of the technological progress on the energy intensity, with the
results showing that there is a negative relationship between
them. In other words, technological advancements can reduce
the use of energy. Recently, the Jiangsu provincial govern-
ment’s investment in R&D presented an increasing trend.
Based on the historical data, the investment in R&D in 2015
was three times as high as that in 2006. The government has
increased investment in research and development of innova-
tive drive to save energy. Under this context, the average

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Inverse Roots of AR Characteristic Polynomial

Fig. 6 VAR roots of characteristic polynomial

Table 6 Roots of
characteristic polynomial Root Modulus

0.892055 0.892055

− 0.185110 − 0.684573i 0.709159

− 0.185110 + 0.684573i 0.709159

0.663921 − 0.163188i 0.683683

0.663921 + 0.163188i 0.683683

− 0.623578 0.623578

− 0.501987 − 0.354631i 0.614617

− 0.501987 + 0.354631i 0.614617

0.112593 − 0.525283i 0.537214

0.112593 + 0.525283i 0.537214

No root lies outside the unit circle

VAR satisfies the stability condition
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annual growth rate is 2.1%. Therefore, the moderate scenario
and the advanced scenario are 4% and 6%, respectively. The
three scenarios for all the variables are summarized in Table 7.

Under the different scenarios, the results we calculate
the energy demand of manufacturing in the Jiangsu prov-
ince are demonstrated in Table 8. The energy demand of
manufacturing of the Jiangsu province will be 348.14 Mtce
in 2020 and 331.92 Mtce in 2025 under the moderate sce-
nario. Compared with the BAU scenario, the demand of
energy in the moderate scenario and advanced scenario
will reduce by 20.24 Mtce and 66.03 Mtce, respectively,
which are 5.5% and 16.6% of the energy consumption
under the BAU scenario in the same period. Under the
advanced scenario, the energy demand is 324.31 Mtce
and 310.35 Mtce in 2020 and 2025, respectively.
Compared with the BAU scenario, they will reduce by
44.07 Mtce and 87.60 Mtce in 2020 and 2025,

respectively, which is 12.0% and 22.0% of the energy de-
mand in the BAU scenario, respectively.

Conclusions and policy implications

Conclusions

In this study, the effect of R&D on energy conservation is
explored while introducing other macroeconomic variables,
such as the GDP, energy price index, and the industry structure
during 1985 to 2015. The co-integration research method is
employed in this study and a block bootstrap adopted to verify
the stability of the equation. The energy-saving potential in
2020 and 2025 are calculated by the scenario analysis.

The empirical results show that a long-term stable relation-
ship exists between the variables, and all the explanatory var-
iables are factors affecting the manufacturing industry energy
demand. The results indicate that the GDP and industry struc-
ture both have positive relationships with the energy con-
sumption. One percent GDP growth and industry structure
adjustment would lead to a 0.3% and 1.1% increase in the
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Fig. 9 Tendency of the independent variables

Table 7 The average annual growth rate of all the variables under three
different scenarios

BAU Moderate Advanced
Scenario Scenario Scenario

GDP 9.6% 6.5% 5.5%

R&D 2.1% 4% 6%

P 3.6% 6% 8%

IS − 2.8% − 4% − 8%

Environ Sci Pollut Res (2020) 27:16694–16706 16703
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energy consumption of manufacturing, respectively. Fuel
price and R&D are both negative with the energy consump-
tion, in which a 1% increased investment in R&D and rising
energy price would result in a 2.8% and 0.6% decrease in the
manufacturing industry’s energy consumption, respectively.

In the past three decades, China has been in a fast develop-
ing stage of economic development, industrialization, and ur-
banization. If the current speed of development is maintained,
the energy demand of the Jiangsu province’s manufacturing
industry will reach 368.38 Mtce in 2020 and 397.95 Mtce in
2025. If the government takes the relevant policies to con-
straint the energy consumption and improve the energy effi-
ciency, the energy consumption will be less. Under the mod-
erate energy-saving scenario, the energy need is 348.14 Mtce
in 2020 and 331.92 Mtce in 2025, which is less than the BAU
scenario by 20.24 Mtce and 66.03 Mtce in the same period,
respectively. If the government undertakes strict policies for
development, the energy demand will be 324.31 Mtce and
310.35 Mtce in 2020 and 2025 under the advanced scenario,
respectively.

Policy implications

The relationships between the energy consumption, industrial
structure, energy price, and the R&D is obtained form the Eq.
(2). One percent GDP growth will lead to increase 0.3% en-
ergy consumption. This result further highlights the depen-
dence of GDP on energy consumption. At present, the
manufacturing industry in Jiangsu province is dominated by
the real economy, and the model of economic growth is too
extensive. The high-speed economic growth is at the cost of
consuming of a large amount of resources. According to the
Jiangsu Statistical Yearbook, the contribution rate of industrial
production to regional production in Jiangsu has remained
above 50% for a long time, and 46% to 48% in the past two
years. At the same time, in 2011–2015, the added value of
manufacturing industry accounted for an average of 40% of
the regional GDP, which is nearly 10% higher than the nation-
al level of 31%. This shows that Jiangsu’s manufacturing in-
dustry has a pivotal impact on regional economic growth and
is the core driving force for sustained economic development
and healthy development of the region. Therefore, it is neces-
sary to accelerate the transformation of Jiangsu’s economic

development pattern, optimize the economic structure, and
promote industrial technology upgrading. In addition, the
government can effectively use taxation or subsidies policies
to encourage the upgrading of the manufacturing industry, and
guide enterprises to use advanced technology to develop new
products, and transform the value chain from manufacturing
to service-oriented, so as to achieve save energy and improve
the energy efficiency.

On the grounds of China Statistical Yearbook, Jiangsu’s
economy has continued to grow and has maintained a leading
position in the country. According to the long-run equilibrium
relationship listed in Eq. (2), 1% increase in the secondary
industry, energy consumption will increase by 1.1%. It can
be seen that the industrial structure has a great impact on
energy consumption. According to the Jiangsu Industrial
Statistical Yearbook, from 1990 to 2014, the proportion of
total output value of heavy industry in Jiangsu province in-
creased from 45.35% in 1990 to 73.42% in 2014, which in-
evitably led to an increase in energy consumption. Therefore,
Jiangsu province needs to adjust its industrial structure, vig-
orously promote industrial upgrading, actively promote
manufacturing service, and promote the value chain to the
middle and high end. At the same time, the government must
firmly grasp the window of transformation and upgrading
to support the development of leading enterprises, and pro-
mote the transformation and upgrading of heavy industrial
enterprises in line with the direction of transformation to
achieve the control of the total energy consumption as soon
as possible.

Energy price has the significant impact on energy con-
sumption in Jiangsu province. 1% increase in energy price
will reduce energy consumption by 2.8%. Jiangsu is an
energy-deficient province, and external energy supply is the
main channel. The government should give full play to the
role of energy price regulation and improve energy efficiency,
in addition to that, actively develop and utilize renewable
energy, optimize energy structure, and achieve sustainable de-
velopment of the economic environment.

The elasticity coefficient of R&D is the negative, which
means the input of 1% R&D will reduce the consumption of
energy by 0.6%. Jiangsu province has been granted an impor-
tant contributor status to national economic growth, the gov-
ernment should increase the technological transformation and
upgrading of heavy industry and reduce the demand for ener-
gy consumption. Thus, we give the policy implications as
follows:

First, give full play to the decisive role of the market in re-
source allocation and the government’s macrocontrol functions,
and realize the joint efforts of the market and the government.
Fuel price is negative with energy consumption, which is the
main factor that influenced the energy demand. Thus, the

Table 8 Forecast on energy consumption of Jiangsu’s manufacturing
industry in 2020 and 2025 (unit: Mtce)

Year BAU scenario Moderate scenario Advanced scenario

2020 368.38 348.14 324.31

2025 397.95 331.92 310.35
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government should continue to play the control role on the price
mechanism so that energy prices can reflect the laws of the mar-
ket economy, which are the main means of energy conservation
and can curb the excessive consumption of energy in the
manufacturing industry. In addition, reasonably increase energy
prices to achieve energy conservation and environmental protec-
tion. From the results we obtained that theGDP is the influencing
factor of the energy demand, where the faster the economy de-
velops, the greater the energy consumption will be. China’s eco-
nomic development is now entering a “new era,”where the basic
feature is that China’s economy has shifted from a high speed
growth stage to a high quality development stage. As is known,
manufacturing occupies a central position in the secondary in-
dustry, while the results indicate that the industry structure has a
huge effect on the energy demand; thus, it is imperative to opti-
mize the industrial structure and increase the proportion of tertia-
ry industry.

Second, in order to achieve a transformation from a
manufacturing industry of quantity to one of quality, energy con-
servation driven by technological innovation should be consid-
ered. Currently, the development characteristics of the Jiangsu
manufacturing industry are extensive, low value-added, and with
a high energy demand and low energy efficiency. From the re-
sults, we determined that R&D could help reduce the energy
demand and indirectly improve the energy use efficiency.
Therefore, increasing investment in R&D expenditure to im-
prove the capacity of independent research, and promote the rate
of transformation and industrialization of scientific and techno-
logical achievements. In addition to that, adjusting industrial
structure and promote the upgrading of Jiangsu industry to the
middle and high-end.

It should be noticed that there are some limitations in this
study: although the stability test notes the robustness of Eq. (2),
a certain standard error exists because of the characteristics of
multiple variables and small samples. Thus, further studies are
needed for longer time series and larger samples. Additionally,
manufacturing varies in energy efficiency from industry to indus-
try, so the potential of energy conservation should be analyzed
according to the characteristics of each industry.
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