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Total Factor Productivity and Energy Intensity: An
Empirical Study of China’s Cement Industry
Hui Hu1, Xiang Li2, Fuxia Yang3, and Jesmin Islam4
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Tsinghua University, Beijing, China; 3College of Economics and Management, Huazhong Agricultural
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ABSTRACT: China is the largest cement producer and consumer in the world. The cement industry’s rapid
growth has led to a large demand of energy. This study reviews China’s cement industry in terms of energy
intensity and examines the effects of technological progress on energy intensity. It also discusses the
feasibility of achieving China’s energy reduction targets. We employ the Granger causality test and find
that the total factor productivity or technological progress causes the energy intensity of the cement
industry. Impulse responses analysis also proves that in the long run the technological change contributes
to the decline in energy intensity of cement production.

KEY WORDS: cement industry, China, energy consumption, energy intensity, total factor productivity

China is the largest cement producer in the world and one of the key consumers for cement products.
The products of cement are primarily building materials for the construction industry. Due to the
importance of cement for various industries, the production of cement reflects the general economic
trend to some extent (DISNBS 2013).

Over the last three decades, the expansion of China’s economy has been particularly remarkable, at
an average annual growth rate of over 9%. High domestic demand in China is driving cement output to
grow rapidly, and thus China’s cement industry has also experienced rapid development during the
same period. From 1978 to 2011, the output of cement increased over thirty-fold (CCA 2012). China
produces over half of the world’s cement (ECA 2014). Recently, China has begun promoting
urbanization and plans to invest 40 trillion RMB (6.5 trillion US dollars) over the next decade in
urbanization (NDRC 2012). As a result, a large number of building materials will be required to meet
this need for urban construction, which will boost the production of cement further.

However, a report on energy consumption and energy conservation in China’s high energy-intensive
industries pointed out that the cement industry is a high energy-consuming and a typical energy-intensive
sector in China (Energy Network 2012). The rapid development of the cement industry has brought high
energy consumption. From 1978 to 2011, the energy consumption in the cement sector increased with an
average annual growth rate of over 11%. The cement sector is not only one of the largest energy
consumption sectors but also has become the fastest growing energy consumption sector (CCA 2012).
Therefore, the authorities have started to keep a closer watch on energy consumption efficiency in cement
production.

In 2012, the central government of China established national targets for reducing the energy con-
sumption for per unit of cement or the energy intensity of cement production during the 12th five-year plan
(2011–2015). Nevertheless, for a long time, due to the limited funds and usage of backward production
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facilities, reaching these goals for energy intensity in the cement industry has become a key problem for the
authorities.

This study investigates, on a more disaggregated level, the energy efficiency of the cement industry
in China for the years 1978–2011. It applies the multivariate Granger causality test, basing on the
model includes three control variables, to reveal the relationship between the total factor productivity
or technology improvement and energy intensity of cement production in China. It then discusses the
feasibility and influential factors of reducing energy intensity. The conclusion reveals that in the long
run the technological change leads to the decline in energy intensity. It is also supported by the results
of impulse responses analysis. This study introduces a few new technologies and proper policies to
help urge the improvement of energy-efficiency. Finally, in order to realize sustainable usage of energy
in China’s cement industry, we make some corresponding recommendations.

Background and Literature Review

In China, the cement production is highly concentrated and dominated by large enterprises. Since China’s
large-scale construction and economic opening-up policy started from 1978, cement companies have
experienced rapid development and there has been an enormous growth in the production of cement. The
output of China’s nine leading cement companies’ production accounted for over 40% of the country’s total
output in 2011. The rapid growth of cement production and the expansion of the enterprises’ scales have led
to a large demand of energy. From 2002 to 2011, annual energy consumption in the cement industry was
rising and the growth rate remained at a high level (CCA 2012; DESNBS 2012).

The energy intensity is a useful measure of the energy efficiency. It is usually calculated as units of
energy consumption per unit of product in a nation or industry. A high energy intensity indicates a
high cost of converting energy into product and vice versa. Due to the widespread use of backward
production equipment, the cement sector is one of China’s major sectors for high energy intensity.
Figure 1 presents the cement sector’s full energy consumption for each unit product in China as
compared to Japan. Over the period 1990–2008, the full energy consumption, measured in kilogram of
coal equivalent (kgce), for each metric ton of cement in China declined gradually, but was still 23%
higher than in Japan until 2008 (DESNBS 2012; Japan Cement Association 2014).

The Chinese government has issued norms for energy intensity in the cement industry, which
include the Norms of Energy Consumption per Unit Product of Cement (e.g. GB 16780–2012 and GB
16780–2007). These norms set the international advanced level of energy intensity as a target for
directing future efforts to improve the energy efficiency. According to these norms, over 50% of
backwards kilns used for cement production will be replaced by more efficient kilns. Hence, whether

(kgce/metric ton) 

Figure 1. Energy consumption for per metric ton of cement in China and Japan.

Sources: DESNBS, Chinese National Bureau of Statistics, Japan Cement Association, Hu and Kavan (2014).
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technology upgrades causes energy intensity in cement production is regarded as a vital question for
achieving the goals of energy conservation and sustainable development of cement production.

In the literature, a sizeable amount of studies reveal the factors which influence energy efficiency in
many industries. The reasons behind energy intensity decline in industries in China are usually separated
into two main contributing factors: structural change in economy and technological improvement. In terms
of structural change, researches focus on changes in the sectoral composition of the economy (e.g. Cornillie
and Fankhauser 2004; Fisher-Vanden et al. 2009). For example, He andWang (2007) found that economic
transition, which includes market liberalization and deregulation of energy price, contributed to the
improvement of industrial energy efficiency between 1996 and 2007 in China.

The second strand of the literature looks at how technological change drives the decline in energy
intensity. A few studies found that the change in the technology contributed more than structural change to
the decline in China’s energy intensity (e.g. Fan, Liao, and Wei 2007; Rock 2012). Furthermore, Ma and
Stern’s (2008) study shows that technological change could be the most important factor contributing to the
reduction in energy intensity in China. In terms of the cement industry in China, Cheng and Liu (2012) found
the energy demand mainly depends on the technical nature of the kilns. Energy consumption for each metric
ton of cement is 110 kgce, 130 kgce and over 200 kgce for new-style drying kiln, shafting kiln and
humidifying kiln, respectively (Cheng and Liu 2012).

While some prior studies have examined the relationship between technological change and energy
intensity in China, we have not come across a study that captures the relationship between technological
progress and energy intensity of a particular important industry in China, like the cement industry. Given
many newly issued policies related to technological change and the importance of the cement industry in
China, whether or not the improvement of technologies in China significantly reduces or influences the
energy intensity of cement production is becoming an increasing important research question. The answer to
this question could help not only policy makers but also the market participants. To address the question, this
study applies the data of 34 years and employs the Granger causality test and impulse responses analysis to
reveal the direction of causality between technological progress (total factor productivity) and energy
intensity of cement production (energy consumption for each metric ton of cement) in China.

Data and Method

In the present study, annual data from 1978 to 2011 are used to investigate the casual relationship
between energy intensity of cement production and total factor productivity in China. 1978 is usually
regarded as the starting point of China’s reform and opening up. The principle sources of data are
China Industrial Economy Statistical Yearbook, China Energy Statistical Yearbook, China Cement
Almanac and the Industry Climate Monitoring System. This study uses China’s industrial total factor
productivity (TFP) to measure the long-term technological change based on a number of prior studies,
such as Miller and Upadhyay (2002) and Lipsey and Carlaw (2004), which have used TFP to measure
technological progress in industries. Additionally, the energy consumption for each metric ton of
cement (kgce/metric ton) has been used to measure energy intensity (EI) of cement production. Table 1
below presents the TFP values and energy intensity of cement production in China from 1978 to 2011.

This study employs the multivariate Granger causality test to determine the direction of causality
between energy intensity of cement production and total factor productivity. The simplified functional
model (Granger 1988) is presented as follow:

EI ¼ f ðTFPÞ (1)

In an econometric format:

EI ¼ α0 þ α1TFP þ α2Xt þ εt; (2)

TOTAL FACTOR PRODUCTIVITY AND ENERGY INTENSITY 1407
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where TFP is the industrial total factor productivity; EI is the energy intensity of cement production; α0
is the constant term; t is the time trend; εt is the random error term. Taking into account technological
change driving the decline in energy intensity, our model uses Xt, which contains three control
variables: the amount of research and development expenditure (RDE), the FDI-to-GDP ratio (FDI)
and the percentage of college graduates in working people (CG) (Kogut and Chang 1991; Lucas 1988;
Wang, Fan, and Liu 2009).

Additionally, the impulse responses use the impulse response function to find the relationship
between EI and TFP in the time series. The impulse responses are based on the multivariate model
which also includes the three control variables.

Empirical Analysis and Results

Before conducting the Granger causality test, variables should be detected individually stationary or, if
variables are non-stationary, they must be co-integrated. This means that the tests for stationary and co-
integration must precede the Granger causality test. First we apply the Augmented Dickey Fuller
(ADF) test to detect stationary according to Dickey and Fuller (1981). Second, we employ the
maximum-likelihood test procedure established by Johansen (1995) to test the presence of co-integra-
tion. Finally, we apply the multivariate Granger causality test and impulse response to reveal all the
relationships between variables.

Stationary Test and Co-Integration Test Analysis

The stationary analysis involves testing for the stationary of the individual variables. It uses the ADF
test to find the existence of unit root (MacKinnon 1996). The results of the ADF test show that all the
variables are not stationary in level. Therefore, all the variables are differenced once and the ADF test
is conducted on them again.

Table 1. Industrial TFP and EI values of cement production in China (1978–2011)

Year TFP EI Year TFP EI

1978 0.531 210.5 1995 1.051 199
1979 0.555 215.6 1996 0.983 203
1980 0.580 213.7 1997 0.963 211.3
1981 0.612 204.2 1998 1.067 202.5
1982 0.621 213.4 1999 0.955 191.8
1983 0.623 208.9 2000 0.7878 183
1984 0.608 207.5 2001 0.7883 182
1985 0.610 204.7 2002 0.8035 181
1986 0.629 210.3 2003 0.833 180
1987 0.639 201.5 2004 0.8669 178
1988 0.651 197 2005 0.917 172
1989 0.682 199 2006 0.9873 168
1990 0.704 201 2007 1.0798 161
1991 0.634 203 2008 1.1326 148
1992 0.902 205 2009 1.1916 143
1993 1.109 207.3 2010 1.2694 138
1994 1.113 203.8 2011 1.3271 182

Sources: DISNBS, DESNBS, and CCA.
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The ADF test for unit root in difference indicates that all the variables are stationary at first
difference. On the basis of this, the null hypothesis of non-stationary is rejected and it is safe to
conclude that the variables are stationary. This implies that the variables are integrated processes of
first order, I(1) (e.g. test in first difference with intercept). Therefore, we have to study the existence of
the co-integrating relationship.

The present study usedmethodology proposed by Johansen (1995) to reveal results of the co-integration
condition (that is the existence of a long term linear relation). The results indicate that both the trace statistic
and maximum eigenvalue statistic have no co-integration at the five per cent level of significance,
suggesting that there is no co-integrating (or long run) relationship between involved variables. Hence,
the Granger causality test is appropriate for data analysis in this study.

Granger Causality Test Analysis

The present study applies the multivariate Granger causality test. This test is based on the model
including three control variables. In the multivariate Granger causality test, 1 lag was selected which is
the optimal lag for the annual data. According to the results (see Table 2) obtained from the Granger
causality test, one null hypothesis, TFP does not Granger Cause EI, has been rejected. Therefore, the
industrial total factor productivity does Granger cause energy intensity of cement production.
Nevertheless, the energy intensity of cement production does not cause industrial total factor produc-
tivity. This shows the direction of causality running from the total factor productivity to the energy
intensity of cement production. In other words, it does support the hypothesis that the improvement of
technologies causes the decline in energy intensity of cement production in China.

Moreover, for the relationships among EI, TFP and control variables, the results in Table 2 show
that two out of three control variables do Granger cause energy intensity of cement production. In
contrast, all these control variables does not cause industrial total factor productivity (the independent
variable) because control variables are regarded additional independent variables. All these relation-
ships stated above are generally consistent with expectations.

Table 2. Multivariate granger causality test (Lag = 1)

Null hypothesis
Observation
number

Chi square
value Probability

TFP does not Granger cause EI 33 3.056 0.080*
The amount of research and development expenditure does not

Granger cause EI
33 16.154 0.000***

FDI-to-GDP ratio does not Granger cause EI 33 1.668 0.196
Percentage of college graduates in working people does not

Granger cause EI
33 24.478 0.000***

All variables do not Granger cause EI 33 29.05 0.000***
EI does not Granger cause TFP 33 1.467 0.226
The amount of research and development expenditure does not

Granger cause TFP
33 .393 0.530

FDI-to-GDP ratio does not Granger cause TFP 33 .0001 0.992
Percentage of college graduates in working people does not

Granger cause TFP
33 .848 0.357

All variables do not Granger cause TFP 33 7.277 0.122

*, *** indicates 10% and 1% levels of significance, respectively.

TOTAL FACTOR PRODUCTIVITY AND ENERGY INTENSITY 1409
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Impulse Responses

Impulse response function describes how one factor reacts to exogenous impulses over time. They are
often modeled in the context of a vector auto-regression. Equation 3 represents the results of the vector
auto-regression used in the present study. It demonstrates the relationship between variables. EI is
influenced by TFP with control variables and the lag.

EIt
TFPt

FDIt
RDEt

CGt

2
66664

3
77775
¼

0:716 �31:327 215:852 0:031 �3213:286
0:003 0:859 �0:018 0:00005 6:218

�0:00014 0:02 0:768 0:000007 �1:323
�5:944 915:164 �7950:172 �0:148 94239:16

�0:000038 �0:001 0:024 �0:000005 1:485

2
66664

3
77775
�

EIt�1

TFPt�1

FDIt�1

RDEt�1

CGt�1

2
66664

3
77775

(3)

The impulse responses analysis involved uses the impulse response function to find the relationship
between EI and TFP in the time series. The impulse responses are based on the multivariate model
which includes not only EI and TFP but also three control variables (FDI, RDE, and CG). Given that
the generalized Impulses are not sensitive to the ordering of the variables, the present study uses
generalized Impulses. Furthermore, this study uses 1 lag and standard error bands are added in the
figures of impulse responses. The impulse responses are illustrated in the figures below.

As can be seen from Figure 2 and 3, the dynamic effect on EI imposed by TFP is larger than the
dynamic effect on TFP imposed by EI, which is consistent with our expectations. In Figure 2, the
responses of EI start to fluctuate from the first period and have its largest response in period 4
approximately. The responses are becoming negative after 7 periods and they would be lower than −3.
It means the technological change makes significant contributions to the decline in energy intensity of
cement production a few years after the technological improvement. Figure 3 shows that energy
intensity of cement has tiny influence on technological change. The responses of TFP are always less
than 0.01. In summary, these impulse responses are consistent with the results of the multivariate
Granger causality test.

Discussions and Policy Implications: Prospects for Energy Intensity Reduction

Based on the results of the multivariate Granger causality test and impulse responses, total factor
productivity and technological progress collectively causes the energy intensity of cement industry in
China. Thus, retrofitting facilities and using new production technologies in cement production is

Figure 2. The generalized responses of EI to TFP with standard error band.
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imperative. Since 2000, the cement sector has started to adopt more efficient technologies, like using
an advanced dry-processing method (DPM) to replace backward processing methods. The cement
production using DPM began to grow rapidly in 2003, with a continuous increase of over 100 million
metric tons in cement output annually. Since 2007, the proportion of production using DPM has risen
to more than 50%, reaching a peak of 86% in 2011 (Wang 2009). By 2008, nearly 120 million metric
tons of backward production capacity had been phased out through technical retrofitting or with the
construction of new equipment to replace the old ones. It saved about 3.69 million metric tons of coal
(Wang 2009). In the future, it is necessary to continue replacing old-style technologies and equipment
through technical retrofitting. With a high proportion of backward production capacity being phased
out, the average integrated energy intensity of cement production is expected to decline further.

In terms of industrial transformation, China’s cement production has faced increasing challenges due
to both internal and external imbalances. On the one hand, given that China is facing a severe shortage of
labor, the comparative advantage owing to low-labor costs has been diminishing (Zhang, Yang, and
Wang 2011). On the other hand, Chinese manufacturing industries are likely to shrink due to both the
tougher international market environment and higher domestic production costs (Li, Qi, and Zhang
2012). It is true that China will switch its economic focus from heavily relying on labor-intensive
products (e.g. cement) to capital-intensive and technology-intensive industries; however, the industrial
transformation from labor-intensive industries would be a long-term process of technological change.
The coexistence of labor-intensive industries and capital-intensive and technology-intensive industries is
essential to China’s sustainable economic growth. As a result, the energy consumption of the cement
industry would experience a gradual decrease due to the technological improvement and industrial
transformation in the next one or two decades.

In terms of macroeconomic policies, there are a few newly issued policies that could
influence the cement industry’s energy-efficiency improvement. However, contradictions exist
among them. For instance, the national targets for energy consumption can help decrease the
energy intensity in the cement industry, whereas “cooling the overheating economy” policies,
like tight monetary policies and fiscal policies, would slow the progress of energy-efficiency
improvement.

In the past several years, currency inflation and asset bubbles caused by excessive investments have
seriously damaged China’s economic growth. In order to control investments and reduce the risk of
economic overheating, the central bank of China has issued a series of policies. For instance, from
2010 to 2011, the central bank of China raised the legal deposit reserve rate 12 times. Given that the

Figure 3. The generalized responses of TFP to EI with standard error band.
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deposit reserve policy plays an important role in the financial market, raising the legal deposit reserve
is a valid way to control the overheated investment. Therefore, investment in some fields, including
investment for introducing more efficient technologies and retrofitting backward facilities in the
cement industry, has been severely limited.

Conclusions and Recommendations

The present study focuses on cement production and examines technological progress and energy
intensity in this sector in China. The energy intensity in cement industry is higher than the interna-
tional average level. Consequently, achieving China’s energy-efficiency improvement targets has
become an issue open for debate. According to the results and discussions of this study, upgrading
production equipment and adopting more efficient technologies is of paramount importance. Based on
the study, we can make a few policy recommendations for enhancing the energy efficiency:

● Within the period 2010–2020, all the backward production capacity that does not comply with
newly issued norms must be phased out through technical retrofitting. In an unstable macro-
economic environment, governments should provide necessary technical and financial support to
major cement companies, which are vital for the energy-efficiency improvement in cement
industry.

● In the cement sector, controlling energy consumption and energy intensity is a critical factor in
improving energy efficiency. Governments can implement market-based policies and provide
incentives to promote technological development like subsidies for applying more efficient
facilities and producing environment-friendly products.

● Since Chinese manufacturing industries are likely to shrink, China’s cement industry has faced
increasing challenges. China should speed up switching its economic focus away from heavy
reliance on labor-intensive products such as the cement. Although the industrial transformation
and technological change from labor-intensive industries to capital-intensive and technology-
intensive industries could be a long-term process, more related policies should be carried out to
support emerging and high-technology industries in the meantime.
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