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The Chinese manufacturing sector has undergone an accelerated digital transformation. 
This study examines the impact of industrial digitalization on energy intensity in China. 
Energy intensity is negatively correlated with digitalization in terms of time trends, 
cross-sectional differences, and correlation coefficients. Our empirical analysis shows 
that industrial digitalization significantly increases the energy intensity of the 
manufacturing sector. With digital transformation, energy intensity first increases and 
then decreases, yielding an inverted-U–shaped relation. In 2019, more than 80% of the 
industries had a degree of digitalization below the inflection point. 

I. Introduction   

With the extensive penetration of information and com
munication technologies (ICT) in economic and social ac
tivities, the global economy is embracing a new round of 
the technological and industrial revolution. The industrial 
revolution brought about by ICT investment has led to 
prosperity and the development of a digital economy, and 
the new phenomenon of industrial digital transformation 
has emerged in the economy and society (Wang et al., 
2021). The kinds of opportunities and challenges this rev
olution brings to the economy and society are important. 
Despite certain economic benefits and social dividends, the 
impact of industrial digital transformation on energy con
sumption and environmental sustainability remains uncer
tain (Wen et al., 2021). 

In this study, we are interested in the relation between 
industrial digital transformation and energy intensity in 
China’s manufacturing sector. As the largest manufacturing 
country in the world, China is also the second largest coun
try in terms of digital economy, with rich practices in the 
integration of digital technologies and manufacturing. In
dustrial digitalization—the increasing permeation of ICT or 
digital technologies throughout industrial economic activ
ities—has significantly influenced the value chain of prod
ucts and the role of energy factors in production (Škare 
& Soriano, 2021). In the process of digital transformation, 
lean production and agile manufacturing consume more 
energy. Moreover, the circulation of physical and market 

information needs support of high–energy consumption 
equipment. Besides, improvements in production efficiency 
can save energy, and digital technologies can be used to de
sign sustainable products. 

Our hypothesis is that the digitalization of the manufac
turing sector has uncertain or nonlinear effects on energy 
intensity. The uncertain or nonlinear relation proposed in 
this study is primarily motivated by the research of Lange 
et al. (2020), who categorize the impact of digitalization 
on energy demand into four aspects: a direct effect, a scale 
effect, a technological effect, and a structural effect. Most 
studies claim that the direct and scale effects tend to in
crease energy demand, while the technological and struc
tural effects decrease it (Ren et al., 2021). 

This study employs a panel data set consisting of 25 
two-digit coded industries in China’s manufacturing sector 
during the period from 2003 to 2019. We find that digital 
transformation increases the energy intensity in the man
ufacturing sector, but decreases it when digitalization 
reaches a higher level. This paper provides a measure of 
the digital transformation of China’s manufacturing sector 
and the full-caliber statistics of input–output indicators. 
We also contribute to the literature in the following two as
pects. On the one hand, this study reveals the regularity 
of energy consumption for the manufacturing sector in the 
era of the digital economy. Manufacturing is the foundation 
of the modern economy and the most important sector 
from the energy demand point of view. Accordingly, related 
studies focus on regions (Ren et al., 2021) or other sectors 
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(Noussan & Tagliapietra, 2020), whereas we focus on the 
manufacturing sector. On the other hand, our study pro
poses an inverted-U–shaped relation between industrial 
digitalization and energy intensity and finds that the digi
talization of most industries in China’s manufacturing sec
tor has not reached the inflection point. This finding im
plies that digital transformation will drive growth in energy 
demand, which is the challenge for sustainable develop
ment posed by the digital economy. 

II. Measurement Results and Analysis      

A. Measurement Method of Digitalization and       
Energy Intensity   

The data contained in this study are full-caliber statis
tics, including data on enterprises above and below a des
ignated size, respectively, according to the National Bureau 
of Statistics of China. This study uses the panel data of 25 
subindustries in China’s manufacturing sector, adjusted to 
full-caliber statistics by using data from economic censuses 
(2004, 2008, 2013, and 2018) and China’s Industrial Statisti
cal Yearbook. 

In this paper, the World Input–Output Database 
(2000–2014) and the China Input–Output Table (2012, 
2015, 2017, and 2018) are used to calculate the digital input 
of ICT equipment, ICT services, and audiovisual digital ser
vices in various manufacturing industries. Industrial digi
talization is defined as the ratio of digital input to the num
ber of employees, where the higher the value, the greater 
the degree of industrial digitalization. Energy intensity is 
defined as the ratio of energy consumption to industry 
value added. 

B. Descriptive Analysis of Trends and Differences        

Figure 1 shows the trends of industrial digital transfor
mation and energy intensity in China’s manufacturing sec
tor. It shows that the manufacturing sector in China has 
been in the process of digital transformation over the past 
20 years. The index of the digital transformation of the 
manufacturing industry increased from 0.111 in 2000 to 
1.056 in 2018, an increase of nearly 8.5 times. The digital 
economy that has attracted wide attention in recent years 
is not a new economic form that suddenly appeared, but, 
rather, it has gradually formed over the past two decades. 
Conversely, the energy intensity of the manufacturing sec
tor has been on a downward trend. It is easy to find that en
ergy intensity is negatively correlated with industrial digi
talization, as the empirical results of Ren et al. (2021) show. 

Figure 2 shows the industry differences in industrial dig
italization and energy intensity in China’s manufacturing 
sector. It is also clear that digitalization is negatively cor
related with energy intensity. However, this negative cor
relation does not imply causation, because industries with 
high levels of digital transformation are emerging indus
tries with a low demand for energy. The differences in in
dustry characteristics could be an important reason for the 
negative correlation. 

Figure 1. Trends of digitalization and energy intensity       
in China’s manufacturing sector     
This figure shows the trend of industrial digitalization and energy intensity in China’s 
manufacturing sector from 2000 to 2019. Indicators are the arithmetic mean of the vari
able in the two-digit code industry. The vertical axis on the left represents industry digi
talization, and the vertical axis on the right represents energy intensity. 

Figure 2. Industry differences of digitalization and      
energy intensity in China’s manufacturing sector       
This figure shows the degree of industrial digital transformation in 2018 and the energy 
intensity in 2019 for China’s manufacturing sector. In this figure, the energy intensity of 
four industries with large value is adjusted numerically in proportion, but there is no 
change in order. Except for the merger of rubber manufacturing and plastic products 
manufacturing, all industries are classified, sorted, and coded according to the National 
Economic Industry Classification of China (GB/T 4754-2002). 

III. Introduction of the Regression and Analysis        
of the Results    

A. Data and Empirical Model      

In this section, a panel regression model is used to iden
tify the impact of digital transformation on energy inten
sity. The empirical model can be represented as follows: 

where  refers to the energy intensity of industry i in 
year t, which is defined as the proportion of energy con
sumption and industrial added value; is the digital 
transformation of the manufacturing industry and the core 
explanatory variables; and  refers to the control 
variables for industry characteristics. We also control for 
industry fixed effects ( ) and year fixed effects ( ). Us
ing Equation (1), we test the overall effect and the nonlin
ear relationship by reducing and increasing the quadratic 
terms of . To capture the time continuity of the en
ergy technology path, we also control for the dynamic lag 
term of energy intensity as a robustness test. 
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Table 1. Descriptive Statistics   

Variables Obs Mean Std. Dev. Min Max Corr. Coef. LLC 

EI 425 3.1260 4.9767 0.2511 19.1989 1.0000 -12.9619*** 

Digital 425 0.5229 0.8908 0.0461 6.1091 -0.1444 -4.5506*** 

lnSize 425 0.9868 0.7785 0.2096 4.5849 0.2932 -4.5198*** 

Lev 425 0.5397 0.0812 0.2148 0.6759 0.4196 -3.6798*** 

lnKL 425 2.4170 1.0993 -0.7855 4.2525 0.1485 -5.6867*** 

SOE 425 0.2587 0.2482 0.0046 0.9908 0.5254 -15.1209*** 

FDI 425 0.2839 0.1382 0.0018 0.6856 -0.3982 -6.6686*** 

Profit 425 0.0634 0.0260 -0.0443 0.1674 -0.4303 -2.3529*** 

lnTech 425 8.4621 1.5263 3.6889 11.9654 -0.1909 -5.6586*** 

lnMA 425 5.4669 3.0684 0.0000 11.0603 0.1203 -3.4934*** 

This table reports the descriptive statistics of the main variables used in the study. Std. Dev. refers to standard error for variables. Corr. Coef. represents the correlation coefficient be
tween these variables and energy intensity. LLC denotes the unit-root tests of Levin, Lin and Chu (2002), *** indicates that it rejects the null hypothesis at the 1% significance level. 

The control variables in this study include the industry 
market structure, the industry ownership structure, and the 
financing, technology, and factor endowment structure and 
other characteristics of manufacturing industries. The in
dustry market structure is selected to represent the aver
age size of enterprises in the industry (lnSize) and the prof
itability of the industry (Profit). The ownership structure 
is represented by the proportions of foreign-funded enter
prises (FDI) and of state-owned enterprises (SOE), mea
sured by the proportion of the net fixed assets of foreign 
enterprises and state-owned enterprises in the fixed assets 
of the industrial industry, respectively. Technology is mea
sured by the logarithm of the number of industry patent ap
plications (lnTech) and the logarithm of cross-border merg
ers and acquisitions (lnMA). Financing is measured by the 
average leverage ratio (Lev), and factor endowment is mea
sured by the logarithm of the capital–labor ratio (lnKL). 

Table 1 presents the descriptive statistics of the related 
variables, including a correlation analysis and a unit root 
test. The unit root test of Levin et al. (2002) shows that the 
variables covered in this study are all stationary or trend 
stationary, indicating no interference of pseudo-regression 
and that the panel regression can be used to test the re
lation as depicted in Equation (1). The correlation analysis 
shows that these variables are correlated with energy inten
sity. We see that industrial digitalization is negatively cor
related with energy intensity. 

B. Empirical results and analysis      

Although energy intensity is negatively correlated with 
digitalization in terms of the time trend of the variables, 
industry variation, or the correlation between variables, it 
does not prove causality. Table 2 displays the results of the 
regression of energy intensity on industry digital transfor
mation and provides more robust evidence of the causality. 
Columns (1) to (4) show the overall effect, while columns 
(5) to (8) show a nonlinear relationship. 

The coefficients of Digital are significantly positive at the 
5% level in columns (1) to (4), indicating that industrial dig
ital transformation has led to an increase in the energy in

tensity of the manufacturing sector. Since only time effects 
and individual fixed effects are controlled for in column (1) 
of Table 2, digitalization increases energy intensity, even 
when considering various indirect effects. Columns (2) to 
(4) show that digitalization directly increases energy inten
sity. Columns (4) to (8) show an inverted-U–shaped rela
tionship between energy intensity and digital transforma
tion, especially for direct effects. Machines and equipment 
embedded with physical information or market information 
processing capacity need to consume energy, inducing the 
development of the manufacturing industry and energy 
consumption. However, the higher development of digital
ization induces an energy-saving effect and sustainability 
dividends of digital transformation. By 2019, only four in
dustries had reached the tipping point of digitalization, in
cluding general purpose machinery, special purpose ma
chinery, transportation equipment, and electrical 
machinery and apparatuses. 

IV. Conclusion   

The economy and society are undergoing digital trans
formation (or digitalization), and the digital economy is 
playing an increasingly important role in the global econ
omy. Using full-caliber statistical data and a panel regres
sion model for 25 industries in China’s manufacturing sec
tor during the period from 2003 to 2019, this study finds 
that industrial digital transformation has significantly in
creased the energy intensity of the manufacturing sector. 
We suggest that the negative correlations observed in time 
trends and cross-sectional negative correlations are mis
leading. In addition, the relation between energy intensity 
and digital transformation has an inverted-U shape, but the 
degree of digital development of most industries in China 
has not yet reached the inflection point. In the era of the 
digital economy, China still faces the challenge of increas
ing energy demand due to the digital transformation of 
manufacturing industries. 
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Table 2. Impact of digital transformation on energy intensity        

Variable 
Linear relationship Non-linear relationship 

(1) (2) (3) (4) (5) (6) (7) (8) 

Digital 
0.455*** 0.660*** 0.513*** 0.0514** 0.8258*** 1.403*** 1.145*** 0.593*** 

(0.102) (0.099) (0.106) (0.022) (0.291) (0.274) (0.289) (0.150) 

Digital ×Digital 
-0.0676 -0.132*** -0.108** -0.113*** 

(0.050) (0.045) (0.046) (0.031) 

lnSize 
-0.683*** 0.972** -0.252*** -0.800*** 0.678 -0.217** 

(0.254) (0.474) (0.082) (0.254) (0.488) (0.088) 

Lev 
-5.446*** -6.568*** 0.299 -5.337*** -6.456*** (0.240) 

(1.625) (1.720) (0.376) (1.610) (1.711) (0.426) 

lnKL 
-1.070*** (0.343) -0.0809** -1.150*** -0.486* -0.0733** 

(0.158) (0.254) (0.033) (0.159) (0.260) (0.036) 

SOE 
3.134*** 0.501 1.135*** 3.502*** 1.147 0.583* 

(1.012) (1.350) (0.285) (1.011) (1.370) (0.339) 

FDI 
-8.152*** -9.396*** (0.145) -8.496*** -9.514*** (0.336) 

(1.283) (1.373) (0.193) (1.276) (1.365) (0.212) 

Profit 
2.200 1.612 -1.695* 2.200 1.439 -2.009* 

(3.695) (4.095) (0.983) (3.660) (4.072) (1.051) 

lnTech 
-0.301** (0.222) -0.0764*** -0.261** (0.199) -0.143*** 

(0.123) (0.146) (0.023) (0.123) (0.145) (0.031) 

lnMA 
0.0851*** 0.107*** 0.006 0.0815** 0.104*** 0.014 

(0.032) (0.033) (0.009) (0.032) (0.033) (0.010) 

L.EI 
0.954*** 0.965*** 

(0.007) (0.008) 

Year FE Yes No Yes Yes Yes No Yes Yes 

Industry FE Yes Yes Yes Yes Yes Yes Yes Yes 

Adj. R2 0.412 0.474 0.492 - 0.415 0.484 0.498 - 

Observations 425 425 425 400 425 425 425 400 

This table reports the regression results of energy intensity on industry digital transformation, including the static panel model (Columns (1)-(3) and Columns (5)-(6)) and dynamic panel model (Columns (4) and (8)). Figures in parentheses are the standard errors for estimat
ing parameters. ***, ** and * represents significance at the 1%, 5% and 10% levels, respectively. The abbreviations of FE refers to the fixed effects. 
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