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Abstract: Given that energy is a significant input factor for modern economic growth, which has
also brought the most severe negative externalities damage to the environment, improving energy
efficiency is considered critical globally. As a large energy producer and consumer, China faces
challenges from both the economy and the environment. This study used the generalized method of
moments estimation techniques to examine the impact of foreign direct investment (FDI) technology
spillovers on energy efficiency in a sample of manufacturing industries. A super-efficient data
envelopment measure of energy efficiency is examined. The novelty of this study is that it analyzes
both the quantitative and qualitative values of various spillover effects at the industry level. Using a
panel data set on 26 manufacturing industries in Guangdong Province of China covering the period
2000–2018, the empirical results show a positive and statistically significant relationship between FDI
competitive effects and energy efficiency. In contrast, this relationship is in the opposite position when
demonstration effects of FDI technology spillovers occur. The results also show these effects have
more impact to the low or middle energy consumption industries. The study provides a reference for
the formulation of the FDI strategy and energy policy in the manufacturing sector.

Keywords: FDI; demonstration effects; competitive effects; energy efficiency; manufacturing sector

1. Introduction

With the acceleration of industrialization and urbanization in China, energy de-
mand has increased substantially. China’s carbon emissions reached 7.4 metric tons
per capita in 2018 compared with the world average of 4.5. Manufacturing industries
and construction consumed 32% of total fuel combustion (Data source: World Bank
https://data.worldbank.org/indicator/EN.ATM.CO2E.PC?locations=CN, accessed on
1 January 2022). As the world’s largest manufacturer, China’s manufacturing industry’s en-
ergy consumption was 2.68 billion tons standard coal equivalent in 2018, accounting for 55%
of the nation’s annual energy consumption (Data source: CEIC: Global Economic Data, Indi-
cators, Charts and Forecasts https://www.ceicdata.com/en/china/energy-consumption/
cn-energy-consumption-industry-manufacturing, accessed on 1 January 2022). Under the
impact of the global pandemic on the industrial supply chain, China’s manufacturing
industry took the lead in resuming work and production. The continuing development of
the manufacturing industry inevitably consumes large amounts of energy and brings an
irreparable impact on the environment.

China aims to achieve carbon neutrality by 2060 and will peak carbon emissions before
2030. Between now and then, coal will continue to dominate China’s energy resources
which supplied about 66% of the total energy consumption [1]; therefore, improving uti-
lization efficiency to reduce consumption and emissions by deploying new and improved
technologies is the most effective way. Blomström [2] believes that foreign direct invest-
ment (FDI) contributes a major role in the transfer and diffusion of advanced technology.
China had USD 163 billion FDI in 2020, compared with USD 134 billion in the US, and
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has overtaken the US as the number one globally for FDI (Data source: United Nations
Conference on Trade and Development (UNCTAD) Report). Approximately 20% of FDI
had been invested into the manufacturing sector.

Outdated technology and the inefficient production process requires more energy
inputs which results in less efficient production output. FDI inflows are likely to stimulate
the technological progress of the host country through technology spillovers. How FDI
inflows can improve energy efficiency has become a prominent topic of study. The results
of existing studies are not in consensus. According to the provincial panel data, Zheng [3]
found FDI encourages energy efficiency in the manufacturing sector. Elliott et al. [4],
employing 206 largest prefecture-level cities, found evidence that FDI flows into a city
can decrease the energy intensity. Studies undertaken by Pan et al. [5] and Salim et al. [6]
found FDI has a significant positive effect on energy efficiency. Hübler and Keller [7] used
macro-level panel data on 60 developing countries to examine the influence of FDI inflows
on energy intensity. Such empirical results could not confirm that the FDI can reduce the
energy intensity of developing countries.

Given the fact that the FDI spillovers can be transmitted into two channels: intra-
industry spillovers and inter-industry spillovers [8], the spillovers that occur in the same
industry are considered intra-industry or horizontal spillovers, while the spillovers that
occur across industries are considered inter-industry or vertical spillovers. The intra-
industry spillover may occur through two channels of productivity or efficiency benefits
spillovers transmission mechanisms, which are demonstration effects and competitive
effects [9]. There are different measures for the competitive effects, Aitken and Harrison [10]
used the presence of foreign ownership in the industry, Xu [11] used the value added of
multinational enterprises (MNEs) and Wang [12] used the FDI/GDP ratio. However, these
measures cannot reflect the impacts of technology transfer and diffusion for intermediate
and final products on the host country’s technological progress at different levels. Shen and
Fu [13] used production localization of MNEs to measure the demonstration effects, which
successfully distinguish the demonstration effects and competitive effects. The vertical
FDI spillovers between industries create the forward and backward linkages that provide
domestic suppliers or buyers with an opportunity to gain productivity spillovers [14].

Our study attempts to examine intra-industry spillovers of MNEs. Hence, spillovers
from the support of the inter-industry will not be captured. In addition, detailed data
to measure the demonstration effects of intra-industry spillovers are only available in
Guangdong Industrial Statistical Yearbook. Therefore, we employ a unique dataset of
26 industries in Guangdong Province throughout 2000–2018.

With the highest GDP in China, Guangdong Province has become an expected eco-
nomic model through 40 years of reform and opening up. The economic development
and location of the Guangdong Pearl River Delta has obvious outward-looking characteris-
tics. Foreign investment is essential to contribute to the Guangdong’s economic growth.
Blomström and Kokko [9] mentioned that FDI seems more important for the geographical
spread of technologies. Wang [15] found Special Economic Zones (SEZs) are instrumental
in bringing FDI. Guangdong Province occupies a special position of China’s manufacturing
industry. Figure 1 displays a summary of Guangdong’s FDI in the manufacturing industry
compared with the total FDI from 2000 to 2018. Overall, there were steady upward trends
in total FDI from USD 12.24 billion to USD 26.88 billion from 2000 to 2015 and slightly
decreased in the following two years and bounced back to USD 21.11 billion in 2018. The
FDI in the manufacturing industry accounted for more than 50% of total FDI and was
relatively stable.
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Figure 1. FDI in the manufacturing industry compared with total FDI in Guangdong Province dur-
ing 2000–2018. 
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provement of energy efficiency. Based on studying the impact of FDI technology spillo-
vers on economic growth, some scholars further discussed the effects of FDI technology 
spillovers on labor productivity. Caves [19] empirically examined this impact. Boghean 
and State [20] found that FDI can, through technology transfer, increase labor productivity 
to affect the host countries’ economies. Labor productivity only reflects the efficiency of 
labor resource utilization and cannot fully reflect the comprehensive utilization efficiency 
of resources. Therefore, the impact of FDI technology spillovers on labor productivity can-
not mirror the effect of FDI technology spillovers on energy efficiency. 

MNEs are more productive than local firms, thus contributing to increased produc-
tivity. The relationship between FDI spillovers and total factor productivity (TFP) attracts 
much attention from scholars. Xu [11] investigated the US MNEs as a channel of technol-
ogy diffusion in 40 countries. Empirical results from Girma et al. [21] showed that foreign 
firms do have higher productivity than domestic firms in the UK. Woo [22] found that 
FDI has a positive and direct effect on TFP growth in developing countries. Although the 
improvement of energy efficiency depends on the progress of TFP [23], TFP cannot accu-
rately reflect energy efficiency though. Traditional productivity measurement only con-
siders capital and labor but ignores environmental and energy factors, leading to overes-
timating production efficiency. Hu and Wang [24] constructed a total factor energy effi-
ciency (TFEE) index, which is a more appropriate index for evaluating energy efficiency. 

Based on the background, it is necessary to explore the relationship between demon-
stration effects, competitive effects, and energy consumption, but studies of this relation-
ship are scarce, especially on the industry level. Although many empirical studies analyze 
the impact of FDI spillovers on energy consumption, very little attention has been focused 
on various spillover effects and looking at both quantitative and qualitative values. Thus, 
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Figure 1. FDI in the manufacturing industry compared with total FDI in Guangdong Province during
2000–2018.

Compared with the research on the impact of FDI spillovers on energy efficiency, there
is abundant literature focusing on how FDI spillovers affect the total factor productivity,
labor productivity, or economic growth. The study of Borensztein et al. [16], Raza et al. [17]
and Kosztowniak [18] found that FDI contributes positive effects to economic growth and is
an important vehicle for the transfer of technology. FDI technology spillovers, which drive
economic growth by promoting technological progress, may improve energy efficiency
but are uncertain as extensive economic growth cannot promote the improvement of
energy efficiency. Based on studying the impact of FDI technology spillovers on economic
growth, some scholars further discussed the effects of FDI technology spillovers on labor
productivity. Caves [19] empirically examined this impact. Boghean and State [20] found
that FDI can, through technology transfer, increase labor productivity to affect the host
countries’ economies. Labor productivity only reflects the efficiency of labor resource
utilization and cannot fully reflect the comprehensive utilization efficiency of resources.
Therefore, the impact of FDI technology spillovers on labor productivity cannot mirror the
effect of FDI technology spillovers on energy efficiency.

MNEs are more productive than local firms, thus contributing to increased productivity.
The relationship between FDI spillovers and total factor productivity (TFP) attracts much
attention from scholars. Xu [11] investigated the US MNEs as a channel of technology
diffusion in 40 countries. Empirical results from Girma et al. [21] showed that foreign
firms do have higher productivity than domestic firms in the UK. Woo [22] found that
FDI has a positive and direct effect on TFP growth in developing countries. Although
the improvement of energy efficiency depends on the progress of TFP [23], TFP cannot
accurately reflect energy efficiency though. Traditional productivity measurement only
considers capital and labor but ignores environmental and energy factors, leading to
overestimating production efficiency. Hu and Wang [24] constructed a total factor energy
efficiency (TFEE) index, which is a more appropriate index for evaluating energy efficiency.

Based on the background, it is necessary to explore the relationship between demon-
stration effects, competitive effects, and energy consumption, but studies of this relationship
are scarce, especially on the industry level. Although many empirical studies analyze the
impact of FDI spillovers on energy consumption, very little attention has been focused on
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various spillover effects and looking at both quantitative and qualitative values. Thus, the
central purpose of this study is to extend our understanding of FDI spillovers, aiming for
the deficiency of existing research, and has these main contributions: Firstly, it theoretically
analyzes how demonstration effects and competitive effects impact the energy consumption
in the host country on the industry level. An important question arises related to the role
of FDI as a source of technology for the host country. From the host’s point of view of, it is
not clear the actual technological benefits of FDI are from the presence of MNCs disturbing
the existing equilibrium in the market and causing fierce competition, or MNC affiliates
bring with the proprietary technology to operate in the local market. With a theoretically
and empirically based model, this study reveals their differences.

Secondly, the core explanatory variables, demonstration effects and competitive effects
are defined and measured in an empirical model to examine their impacts on the energy
consumption of 26 manufacturing industries of Guangdong Province of China from 2000 to
2018. Moreover, we differentiate the high energy consumption and low or middle energy
consumption manufacturing groups based on the classification standard of the National
Bureau of Statistics of China (National Bureau of Statistics of China, five high energy con-
sumption industries in the manufacturing industry are processing of petroleum, coking and
nuclear fuel processing industry, chemical raw materials and chemical products industry,
smelting and processing of non-ferrous metals industry, smelting and processing of ferrous
metals industry, and non-metallic mineral products industry.) in order to understand better
how these spillovers affect different energy consumption groups and draw some policy
implications. Should governments intervene, and if so, how? The analytical framework of
this study can provide practical significance for the development and transformation of the
manufacturing industry. No previous studies could obtain such analysis because of the
limitation of the data structure.

The method used in the study is a dynamic panel estimator, system GMM, run on
an unbalanced panel of industries spanning 2000–2018. This estimation method allowed
us to explore the data’s time series and industry dimensions while controlling for omit-
ted variables and endogeneity biases. We control for endogeneity and reverse causality
with matrices of instruments based on lagged levels and lagged differences of the key
independent variables. We conduct robustness checks varying the size of the instrumental
matrices.

We organized the remainder of the study as follows. Section 2 presents a brief literature
review theoretical analysis. Section 3 describes the methodology data. Section 4 reports the
regression results and Section 5 are discussions, while Section 6 summarizes the conclusion
and policy implications.

2. Literature Review and Theoretical Analysis

Energy efficiency and energy consumption are intrinsically linked. Increased energy
efficiency can lead to significant reductions in energy consumption provided that measures
are in place to discourage the occurrence of rebound effects. There is an extensive literature
looking into the relationship between FDI and energy consumption. Table 1 presents
the summary of previous studies and brief descriptions. It can be seen this relationship
has been investigated in many different countries with different results. He et al. [25]
used the multivariate VAR model to reveal that FDI has a positive impact on energy
saving in Shanghai. Another study by Paramati et al. [26] found that FDI is a key factor
driving down energy consumption from seven frontier market economies in Africa. Similar
results were shown by Amoako and Insaidoo [27]. FDI was positively correlated with
energy consumption in Ghana from 1981 to 2014. Doytch and Narayan [28] examined the
relationship between FDI and energy demand. They believed that technology brought by
FDI would reduce the use of non-clean energy and promote renewable energy, which is
considered a source to improve energy efficiency. In Lee’s [29] study, the research found
the FDI link with clean energy use compelling by analyzing panel data of 19 nations
of G20 from 1971 to 2009. Conversely, Yue et al. [30] decomposed energy consumption



Sustainability 2022, 14, 1421 5 of 18

intensity into the FDI scale effect, structure effect and technology effect, and found the FDI
structure effect as well as the technology effect do not promote the reduction in energy
consumption in Jiangsu Province. The empirical results in Bento [31] showed there is
a negative effect of FDI on energy consumption. Using panel data of 17 countries in
the South and Southeast Asian, Behera and Dash [32] cointegration results showed that
primary energy consumption and FDI are substantially increasing the CO2 emissions and
accelerating the regional environmental degradation.

Table 1. Summary of the literature on FDI and energy efficiency.

Author Sample Research Method Major Findings

[25] He et al. (2012) Shanghai, China
1985–2010

Multivariate VAR
model

Increase in foreign direct
investment has good energy

saving effect

[30] Yue et al. (2011) Jiangsu, China
1998–2008

Logarithmic Mean Divisia
Index (LMDI) method

FDI scale effect reduces the
energy consumption

[26] Paramati et al. (2018) Frontier markets of Africa Panel estimation
The role of trade and investment
are significant in reducing energy

consumption

[27] Amoako and Insaidoo
(2021) Ghana 1981–2014

Fully modified ordinary
least squares (FMOLS) and
Canonical Cointegrating

Regression (CCR)

Energy savings benefit from FDI

[31] Bento (2011) Portugal 1980–2007 Dynamic ordinary least
squares (DOLS)

FDI has negative effect on energy
consumption

[28] Doytch and Narayan
(2016) 74 countries 1985–2012 Blundell-Bond dynamic

panel estimator

FDI has energy
consumption-reducing effect to

non-renewable sources of energy

[29] Lee (2013) 19 countries of the G20
1971–2009 Fixed effects models No compelling evidence of FDI

link with clean energy use

[32] Behera and Dash (2017)
17 countries in the South and

Southeast Asian (SSEA)
region 1980–2012

Panel estimation

FDI are increasing the CO2
emissions and accelerating the

regional environmental
degradation

2.1. The Mechanisms of the Impact of FDI Demonstration Effects on Energy Efficiency

A few studies have discussed FDI demonstration effects on local firms in the host
countries of MNCs. Barry et al. [33] examined the US and UK firms in Ireland, find
demonstration effects are important determinants of entry for US firms, while the evidence
is not obvious for UK firms. Kumar [34] suggested that the production localization of
MNCs is important not only for the technology transfer and diffusion, but more generally
reflect the participation of local factors in the MNCs’ new value production. Cheung
and Lin [35], in the study of provincial data, pointed to the importance of demonstration
effects in minor innovations. Kokko [36] also emphasized that local firms can imitate the
new technologies through direct contact with foreign affiliates and can therefore become
more productive.

The demonstration effects are that local firms adopt and master similar production
techniques of the MNCs through “learning by doing”. Based on sufficient absorptive
capacity, the higher the degrees of production localization, the greater the effects are. A
micro-level perspective can explain technology transfer and diffusion from FDI through
production localization. The unit value-added of the production is determined by the
enterprise’s technological level. The value-added products can happen in multiple pro-
duction processes. If each process corresponds to a value-added intermediate product
and contains the knowledge of the corresponding process, which involves production,
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design, and development technology, then the value-added products would include all
the product’s technologies. Value-added rate is the ratio of value-added output to total
output. MNCs’ value-added rate reflects the technological level, which determines the
possibility of technology transfer and diffusion. In general, MNCs would strictly control
the transfer and diffusion of advanced technology to the host country to maintain the
technological monopoly. Under such circumstances, only low value-added production
chains are transferred in producing locally. Local firms obtain limited technical information
through imitation, which has little effect on energy efficiency improvement.

The spillover effects of MNCs reflected by the degree of production localization are
distinct in different industries. When FDI enters high energy consumption industries, the
demonstration effects might not necessarily be conducive to the improvement of energy effi-
ciency. In some cases, the host country might relax the level of environmental regulations to
attract more FDIs to enhance or maintain competitiveness in the world market. MNCs often
need to pay more attention to pollution control and environmental protection under strict
environmental regulations in developed countries, so the relatively loose environmental
regulations in developing countries have become an important factor in attracting FDI.
Under low level of environmental regulations, MNCs are likely to transfer some low energy
efficiency technologies to local firms. After observing and learning such technologies, local
firms’ energy efficiency will be reduced. In empirical research, Walter and Ugelow [37]
pointed out that relatively loose environmental supervision and abundant environmental
resources in developing countries have given them a comparative advantage in producing
high energy consumption trade products, resulting in the trend of accumulation of high
pollution industries in developing countries. Scott [38] revealed that MNCs can transfer
production chains with high energy consumption to developing countries through FDI,
or adopt relatively low environmental control technology for production in developing
countries to achieve cost savings.

In contrast, the impact of FDI demonstration effects in low or middle energy consump-
tion industries is uncertain. Industries at the low-end of the global value chains (GVCs)
often consumes more primary energy resources in production, but the product’s value-
added is very low. The technology gap between local and foreign firms in these industries
is small. Imitating the advanced technology would not significantly increase value added
in products, whereby energy utilization improvement is not obvious. For those industries
at the high-end of GVCs, the production localization of MNCs is mainly production chains
to manufacture low value-added products. Local employees seldom have exposure and
master the advanced technologies. Intermediate products containing core technologies
that still rely on imports cause drops in the input-output rate. If MNCs choose to transfer
the advanced technology to localized production, local firms might not produce similar
products to those produced by MNC affiliates because of a large technological gap. The
flow of skilled workers from MNC affiliates to local firms is difficult; hence local firms
would not have the opportunity to learn and imitate such technology. There might be
also a large flow of skilled workers from local firms to MNC affiliates. Bessant et al. [39]
emphasized that the ability to absorb key technologies largely depends on the local firms’
ability to continue learning and upgrading with new technological opportunities. The
MNCs’ degree of production localization is the path-dependent way for local firms to
obtain such knowledge and experiences. Labor mobility provides a channel for local firms
to acquire the technology of related intermediate products successfully.

Summarizing the mechanisms that demonstration effects on the improvement of
energy efficiency of the host country can be expressed as follows: degree of localization
production of FDI, imitative learning, local firms’ technological progress, increase input-
output rate, and improvement of energy efficiency.

2.2. The Mechanisms of the Impact of FDI Competition Effects on Energy Efficiency

The competition effects are such that the entry of MNCs may generate greater com-
petition in the domestic market. Local firms are forced to adopt new technology to keep
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their market share stable through independent innovation, technology introduction, or
imitation to increase productivity and become more efficient. The competition effects are
often intimately related to the demonstration. Over time, in order to compete successfully
with the MNCs, local firms attempt to imitate the behavior of the MNCs; however, the
competition effects may also negatively affect the efficiency of local firms. Sari et al. [14]
argued that the competition from MNCs may result in negative effects when economic
profit is more than economic efficiency. Aitken and Harrison [10] reported that the increase
in average costs in local firms is a factor for the negative spillover effects. Local firms may
lose their market shares because of the presence of MNCs, which forces them to produce
less efficiently, showing a consequence of the increase in the average costs.

The effects of different groups of industries differ. The technology gap between local
firms and MNCs possibly determines the degree of competition, whether it happens in
high energy consumption or low or middle energy consumption industries. When the
technology gap is small, in order to gain market share under the pressure of competition,
local firms will increase independent innovation activities and technology introduction to
improve their technological level to produce intermediate inputs containing key technolo-
gies, increase productivity and efficiency. When the technology gap is large, MNC affiliates
may bring in relatively new technologies from the parent company to gain market shares.
The technology might leak out to the local firms through the flow of skilled workers and
thereby increase the competition MNC affiliates face even more. Sjöholm [40], in the study
of Indonesia industrial data, suggested that the larger the technology gap between domestic
and foreign establishments, the larger the spillovers with a high degree of competition.
On the other hand, when there is a large technology gap, local firms may be too weak to
mount a competitive situation, whereas the locals will often decrease R&D investments
but rely on technology introduction. Companies investing in robotics, among other digital
technologies, are seeing productivity increase, but the cost involves risks creating a wider
technology gap.

3. Methodology and Data
3.1. Total-Factor Energy Efficiency (TFEE)

Energy efficiency can be measured by energy intensity, which is a ratio of energy
input to gross domestic product (GDP) [41]. The advantages of this measurement are
intuitive definition and simplified calculation. However, this method neglects to take the
contribution of labor and capital into account and has been criticized by many researchers.
The total-factor energy efficiency (TFEE) is an indicator of incorporate energy input, labor,
and capital as multiple inputs so as to the GDP output.

The Data Envelopment Analysis (DEA) originally proposed by Charnes et al. [42],
is a non-parameter linear programming method to evaluate the relative effectiveness
of multiple input and multiple output indicators, which has gained ground in energy
efficiency. A DEA evaluates the performance of a set of DMUs, (DMUj:j = 1, 2, . . . , n),
which generates multiple outputs by utilizing multiple inputs. Each DMU has a set of s
outputs, yrj (r = 1, 2, . . . , s) and a set of m inputs, xij (i = 1, 2, . . . , m). However, the existing
DEA model cannot further analyze and rank of efficient DMUs, basically it compares the
efficient DMUs in the sample and provides an efficiency rating of efficient units. Here we
will adopt the extended DEA measure called super-efficiency DEA introduced by Andersen
and Petersen [43]. According to Zhu [44] and Chen [45], the model in the output-oriented
can be described as follows:
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Max θo
subject to ∑n

j = 1
j 6= 0

λjxij ≤ xi0, i = 1, 2, . . . , m,

∑n
j = 1
j 6= 0

λjyrj ≥ θoyr0, r = 1, 2, . . . , s,

∑n
j = 1
j 6= 0

λj = 1,

λj, θo≥ 0.

(1)

where θo is the efficiency score, xi0 and yr0 are the ith input and rth output, respectively,
for a DMU under evaluation, λj are weights. All inputs, outputs, and weights must be
non-negative.

This study used 26 manufacturing industries in Guangdong Province from 2000 to
2018. All the data originate from China’s statistical yearbook, Guangdong’s statistical
yearbook, and the energy yearbook. According to the Cobb–Douglas production function
[Y = f (K, L, E)], capital stock, labor force, and energy consumption are the input factors
and one output carries out the energy efficiency analysis.

• Capital input (K). The commonly used measure to estimate the capital stock is the
perpetual inventory method [46]. The main object of this research is the manufacturing
industry, the capital depreciation rate of each industry must be determined manu-
ally when using the perpetual inventory measure, the result might not be accurate.
Therefore, this study chooses the annual average balance of the net fixed assets in the
manufacturing industry as the capital input indicator [47] and to deflate the value in a
constant 2000 price with fixed asset investment price index, in order to eliminate the
impact of price changes;

• Labor input (L). The annual average number of employees in all manufacturing
industries;

• Energy input (E). The total amount of energy consumption in each manufacturing
industry;

• Output (Y) is measured by industrial total output value of each manufacturing industry
in constant 2000 as the output indicator.

3.2. Empirical Models

We investigated the effects of FDI on industrial energy consumption by controlling
for openness, marketization, and energy prices. Our model is influenced by the studies of
Sadorsky [48], which examines the question with panel data. Our empirical model is:

EEit = α0 + α1ECit−1 + α2Compit + α3Locit + α4Openit + α5Markit + α6Priceit + εit (2)

where i subscripts represent industry i (i = 1, . . . , 26) and t represents year t (t = 2000, . . . ,
2018). EE, the dependent variable, is a measure of industrial total factor energy efficiency.
Comp and Loc are the key independent variables in this study, which are FDI competition
effects and demonstration effects, respectively. Open is the degree of openness. Mark is the
degree of marketization. Price is an index of energy prices. ε is a stochastic error term, and
α0, α1, . . . , α6 are unknown parameters to be estimated.

Linear dynamic panel models, such as Equation (1), contain unobserved effects which
may be either fixed or random [49]. A dynamic unobserved effects model is characterized
by the influence of lagged value of the dependent variable on its present value. This
makes most standard estimation approaches bias [49]. Thus, if such a correlation exists,
the model has a dynamic nature and bias results cannot be fixed by controlling for fixed or
random effects. A generalized method of moments (GMM) is a method superior to fixed
endogeneity problem in the data. In this approach, the unobserved is eliminated by using a
first differencing transformation. The model of Arellano and Bond [49] was designed for
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circumstances with a large number of cross sections and a small time periods. Blundell and
Bond [50] developed a system GMM estimator by expanding the instrument list to include
instruments for the level equation. In this study, we used the system GMM approach to
estimate the models.

Our data are arranged into two energy consumption panels: high energy consumption
and low or middle energy consumption. To explore this data through the two energy
consumption panels further, in Figure 2, we present the average energy consumption of
two panels. The story that emerges from the figure is that the average using the energy
of high energy consumption industries is relatively two to three times more than low or
middle energy consumption industries. Based on this scenario, two panels’ regressions
were carried out and analyzed.
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3.3. Data

This study used annual data on energy demand and FDI spillovers for 26 manufac-
turing industries in Guangdong Province. This panel data set is over the period from
2000 to 2018 by considering the data availability. All the variables are obtained from the
Guangdong Statistical Yearbook, Guangdong Industrial Statistical Yearbook, and China
Statistical Yearbook.

Aghion et al. [51] used the industry proportion of foreign-owned enterprises to reflect
the FDI competition effects when examining the impact of FDI on British enterprises. We
adopted the same measure here to use the total value of foreign-owned enterprises to
the total value of all enterprises in the industry (recorded as Comp). Loc represents the
demonstration effects and reflects the degree of foreign production localization, which is
measured as the ratio of foreign added value to industry foreign value [13]. Under the
assumption that local firms have sufficient learning ability, the higher the FDI production
localization, the more production technologies local firms can obtain from foreign-funded
enterprise production chains and improve the energy use of production.

In addition to FDI, the following control variables were used in this study, the degree
of openness (Open) is measured by the ratio of industry export to total industrial sales
value [52]. It is necessary to bring more investments in energy efficiency technologies with
more liberalization and deregulation policies, which can provide access to high energy
efficiency products. The positive impact of openness on energy efficiency is in line with
several studies [53,54]. Marketization (Mark) is defined as the total value of non-state-
owned enterprises divided by the total output value [55]. The accelerated marketization
contributes to energy efficiency improvement. The measure to calculate the energy price
(Price) is adopted from Li and Lin [56] to use producer price index (PPI) for raw materials,
fuels, and power (at constant 2000 prices).
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Table 2 shows the definitions and descriptive statistics for each of the variables. Table 3
shows the correlations between the panel data variables. For modelling purposes, all
variables are expressed in natural logarithms. The energy efficiency variable shows the
highest correlation with the marketization variable and the lowest correlation with the
price variable. Notice that the openness variable and marketization variable have fairly
high correlations with the FDI production localization variable. Other variables are all not
highly correlated.

Table 2. Variable definitions and descriptive statistics.

Variable Definition Obs Mean SD Min Max

LnEE Energy efficiency in logarithms 494 0.456 0.412 −1.067 1.233

LnComp The ratio of industry foreign sales value to the
value of total industry sales in logarithms 494 −0.734 0.415 −2.452 −0.075

LnLoc The ratio of foreign valued added to the value of
foreign industry in logarithms 494 −1.393 0.243 −2.267 −0.675

LnOpen The ratio of industry export to the value of total
industry sales in logarithms 494 −1.751 1.212 −7.086 0.059

LnMark The ratio of non-state-owned enterprises value to
total industrial output value in logarithms 494 −0.166 0.362 −2.091 2.301

LnPrice Producer price index for raw materials, fuels, and
power in logarithms 494 4.612 0.053 4.297 4.927

Table 3. Correlations for the panel data set.

LnEE LnComp LnLoc LnOpen LnMark LnPrice

LnEE 1.000
LnComp 0.317 1.000
LnLoc 0.254 0.181 1.000

LnOpen 0.222 0.539 −0.068 1.000
LnMark 0.449 0.544 0.082 0.657 1.000
LnPrice −0.080 −0.158 −0.045 −0.1118 −0.136 1.000

4. Empirical Results
4.1. Unit Root Test Results

We attempted to confirm that the same integration property exists for each of these
variables when considered in a panel form. We addressed the issue of panel stationary by
using three different panel unit root tests, namely the IPS test, LLC test, and the Breitung
test. The results from the panel unit root tests are reported in Table 4 and are organized as
follows. Column 2 consists of the LLC test, column 3 consists of the IPS test, while column 4
consists of the Breitung test. We found that three test statistics revealed consistent results:
all the variables are panel non-stationary.

Table 4. Panel unit root test results.

Variable LLC IPS Breitung

LnEE −5.749 *** −5.114 *** −3.022 ***
LnComp −3.279 *** −1.932 *** −3.314 ***
LnLoc −4.078 *** −6.862 *** −2.876 ***

LnOpen −2.968 *** −3.912 *** −0.234 ***
LnMark −9.638 *** −5.491 *** −1.259 ***
LnPrice −6.956 *** −9.476 *** −6.353 ***

Note: p < 0.01 ***.

4.2. TFEE Estimation Results

This study used the super-efficiency DEA model to estimate the TFEE in different
manufacturing industries from 2000 to 2018, and the average annual values are shown
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in Table 4. If TFEE is less than 1.00, it indicates that the energy use of this industry is
ineffective, and there can be a waste of energy. When TFEE is greater or equal to 1.00, it
means that the industry’s energy use is efficient. Table 5 shows the average annual value
of TFEE in most of the manufacturing industries in Guangdong Province from 2000 to
2018 were greater than 1.00, while the processing of petroleum, coking, and nuclear fuel
industry’s TFEE is only 0.511 and the manufacture of computers, communication and
other electronic equipment is 0.977. The processing of petroleum, coking, and nuclear
fuel industry is the second highest energy consumption industry, and accounts 15% of
total energy consumption in the manufacturing sector. Most of the local firms in this
industry are state-owned businesses, which are largely controlled by the state and have a
government policy to support them. It is a monopoly industry with low competitiveness;
hence, independent innovation, absorbing, and transforming foreign advanced technology
is very slow. As a labor-intensive industry, this advantage gradually disappears because
of the irreversible reduction in the labor force for a long period. Under this circumstance,
the industry should try to accumulate human capital and competitive advantages to avoid
falling into a passive position for energy efficiency improvement. Overall, energy input and
carbon emissions are the main resistance to improving energy efficiency in energy-intensive
industries [57].

Table 5. The average annual value of TFEE for manufacturing industries in Guangdong Province,
2000–2018.

Industry Average
Value Industry Average

Value

Processing of petroleum, coking, and nuclear fuel 0.511 Manufacture of papermaking and paper products 2.684
Manufacture of chemical raw materials and

chemical products 1.652 Printing and recorded media 2.367

Manufacture of non-metallic mineral products 2.835 Manufacture of articles for culture, education, art,
sports, and entertainment 1.344

Smelting and processing of ferrous metals 1.986 Manufacture of medicines 1.919
Smelting and processing of non-ferrous metals 1.390 Manufacture of chemical fibers 2.756
Processing of food from agriculture products 1.043 Manufacture of rubber and plastics 2.079

Manufacture of foods 1.673 Manufacture of metal products 1.560
Manufacture of alcohol, beverages, and refined tea 2.039 Manufacture of general-purpose machinery 1.513

Manufacture of textiles 2.208 Manufacture of special-purpose machinery 1.950
Manufacture of textiles, clothing; apparel industry 1.318 Manufacture of transportation equipment 1.384

Manufacture of leather, fur, feather, and
related products 1.294 Manufacture of electrical machinery

and equipment 1.236

Processing of timber, manufacture of wood,
bamboo, rattan, palm, and straw products 1.837 Manufacture of computers, communication, and

other electronic equipment 0.977

Manufacture of furniture 1.363 Manufacture of measuring instruments and
machinery for cultural activity and office work 1.382

The manufacture of computers, communication, and other electronic equipment
industry has shown relatively rapid development in recent years. However, the foundation
for developing high-tech industries is not yet solid, and some of the industry’s problems
need to be resolved, such as data centers, LCD screen manufacturing, new materials and
other fields consuming relatively high energy resources. The other possible reason for
the low energy efficiency is that the high-tech industry’s small and medium-sized local
firms have fewer assets for mortgage and guarantee large investments in product research
and development with long investment return periods. Firms are facing many difficulties
in equity and debt financing. Technology improvement, research and development, and
independent innovation capabilities are insufficient. Core technologies and components
are still dependent on imports, especially in integrated circuits, key components, materials,
and other technologies that cannot meet industry development needs. With a relatively
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high energy input, labor quality and capital become the crucial parts in manufacturing
computers, communication and other electronic equipment to improve energy efficiency.

The energy efficiency of the manufacturing of non-metallic mineral products industry
is the highest among high energy consumption industries, the nature of the sector itself
determines this. Economies of scale are cost advantages as costs can be spread over larger
goods when production becomes efficient. The lower costs can allow firms to pass those
savings onto their customers through lower prices, enhancing their competitive advantage.

4.3. Estimation Results of Panel Regression

Panel estimates for the system GMM energy efficiency equation are reported in Table 6.
Both the one-step and two-step GMM estimator are adopted here to calculate the estimation,
and the results are consistent. The estimated coefficient on the lagged energy efficiency
variable is positive, highly persistent, and statistically significant at 1% level indicating
that energy efficiency in 1 year is heavily influenced by energy efficiency in the previous
year. The estimated coefficient on the FDI competitive effects (Comp) is positive and
statistically significant at the 5% level. In comparison, the estimated coefficient on the FDI
demonstration effects (Loc) is negative and statistically significant at the 5% level in the
model. The negative estimated coefficient on the open indicates that the degree of openness
has a negative impact on energy efficiency in emerging economies. The negative estimated
coefficient on the price variable indicates that the local firms can increase their energy
demand over short periods of time even when prices are rising, which is the same as the
results found in Sadorsky [48]. The estimated coefficient on the marketization variable is
statistically significant at the 10% level. These results indicate that marketization has not
much impact on energy efficiency in emerging economies.

Table 6. System GMM panel estimation regression results.

Variables One-Step SYS-GMM Two-Step SYS-GMM

LnEE(-1) 1.451 ***
(1.027)

2.018 ***
(1.037)

LnComp 0.591 **
(0.721)

0.675 **
(0.708)

LnLoc −2.192 **
(3.847)

−3.815 **
(3.861)

LnOpen −0.172 *
(0.149)

−0.227 **
(0.137)

LnMark 0.022
(0.160)

0.020
(0.102)

LnPrice −0.516 *
(0.345)

−0.532 *
(0.352)

AR(2) 0.448 0.523
Hansen test 0.497 0.497

Observations 442 442
Note: Standard errors are reported in parenthesis. p < 0.01 ***, p < 0.05 **, p < 0.10 *.

The strongest results supporting the hypothesis that FDI increases energy efficiency
comes from the spillovers using the FDI participation variable as a measure of competitive
effects, while the demonstration effects are in the opposite position. In previous research,
FDI has been found to improve energy efficiency [3,5,6], and in this study similar results
were found.

Table 6 also includes some post estimation tests for autocorrelation and instrument
validity. AR(2) is the Arellano and Bond [49] test for second-order autocorrelation in the
first differenced errors. The p-value of AR(2) in the model is significantly higher than
0.1, implying that there is no second-order serial correlation for the random term. The
Hansen test [49] is a test for overidentifying restrictions. The p-value of the Hansen test in
the model is more significant than 0.1, reflecting the validity of the instrumental variable
setting in the GMM estimation. These post estimation results indicate that the dynamic
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panel energy efficiency model is a reasonably good specification for energy efficiency in
emerging economies.

Next step, we group the manufacturing industries by energy consumption to inves-
tigate the impact of FDI spillovers on energy efficiency. Table 7 presents results from the
subsamples. Windmeijer [58] found that the estimated standard errors of the two-step
GMM estimator were downward bias in the small sample. Since the observation data in
the high energy consumption group is 85, the one-step system GMM is adopted here to
estimate the model. To compare the coefficients of FDI demonstration effects and compet-
itive effects between two groups, we employed the interaction term between Comp and
the dummy variable d (d = 1 for high energy consumption group, d = 0 for low or middle
energy consumption group), and Loc and d to draw conclusions about their difference in
those coefficients.

Table 7. System GMM panel estimation regression results for subsamples.

Variables High Energy
Consumption Group

Low or Middle Energy
Consumption Group

LnEE(-1) 0.561 ***
(0.128)

1.117 ***
(0.184)

LnComp 0.232 *
(0.225)

0.386 **
(0.196)

LnLoc −0.392 *
(0.229)

−0.732 **
(0.365)

LnOpen −0.014 *
(0.023)

−0.234 *
(0.130)

LnMark −0.095
(0.071)

0.104 *
(0.051)

LnPrice −0.372 **
(0.160)

−0.048 *
(0.322)

AR(2) 0.573 0.101
Hansen test 1.000 0.501

LnComp *d −0.195
(2.409)

LnLoc *d 0.315 *
(3.094)

Note: Standard errors are reported in parenthesis. p < 0.01 ***, p < 0.05 **, p < 0.10 *.

The coefficients comparison results are also reported in Table 7. We can see the
estimated coefficient of LnLoc_d is significant but LnComp_d is not significant in the
model. Such evidence reveals that the coefficient of LnLoc is significantly different between
the two groups, which illustrates the effect of FDI spillovers can inhibit the energy efficiency
more obviously in low or middle energy consumption industries.

A comparison of the empirical results of control variables in Table 7 with Table 6 show
that the empirical estimates are fairly similar. The empirical results in Table 6 show that
the estimated coefficients on Open and Price variable are each statistically significant with
negative impact. The marketization variable is not statistically significant.

4.4. Robustness Check

In order to check the robustness of the preceding estimates, we used a different mea-
surement for FDI competitive effects in the model. We replaced the existing measure of
Comp by using the ratio of foreign industry sales value to industrial sales value. The esti-
mation results are reported in Table 8. After comparing the results with previous estimates,
we found that they are consistent, showing that the estimates are robust and effective.
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Table 8. Robustness test results.

Variables Total Sample High Energy
Consumption Group

Low or Middle Energy
Consumption Group

LnEE(-1) 1.427 ***
(0.523)

0.551 ***
(0.069)

1.184 ***
(0.167)

LnComp 0.276 **
(0.517)

0.021 *
(0.031)

0.437 **
(0.177)

LnLoc −1.029 **
(1.552)

−0.105 *
(0.096)

−0.611 **
(0.377)

LnOpen −0.205 *
(0.207)

−0.043 *
(0.033)

−0.303 **
(0.130)

LnMark 0.015
(0.111)

0.025
(0.037)

0.101 *
(0.053)

LnPrice −0.371 *
(0.386)

−0.289 *
(0.203)

−0.018
(0.340)

AR(2) 0.324 0.628 0.709
Hansen test 0.193 1.000 0.139

Note: standard errors are reported in parenthesis. p < 0.01 ***, p < 0.05 **, p < 0.10 *.

5. Discussions

Beginning with the results for the high energy consumption group, we found that FDI
competitive effects have a positive and statistically significant impact on energy efficiency.
Such findings are consistent with previous research [3,4]. However, FDI demonstration
effects have a statistically significant negative impact on energy efficiency. These results are
consistent with the hypothesis. As explained earlier, local firms can increase investment in
R&D, and adopt or imitate the new technology to gain competitive advantages. The local
firms in these industries have strong economic strength with government support and the
ability of technological transformation is high, so the technology gap between domestic
and foreign establishments is not big. Local firms are not facing severe competition from
the entry of FDI. From the production localization perspective, as MNCs put more local
production lines in the host country, local firms can imitate and learn more technologies
from production lines through close observation or by hiring technicians from MNC
affiliates. Under the relaxed environmental regulations, MNCs are more likely to transfer
high energy consumption and high pollution technologies due to the industries’ nature,
which is not very helpful to improve the energy efficiency.

From the low or middle energy consumption group results, we can see it shows the
similarity to the high energy consumption group. The possible reason is that FDI entered
the labor-intensive traditional processing industries earlier due to high barriers to entry
in capital-intensive industries. With China’s urbanization and the ageing population, the
cost advantage of labor is gradually disappearing. Some original labor-intensive industries
are shifting to countries with lower labor costs, such as Southeast Asia and India. China’s
manufacturing industry is currently moving towards the direction of the high-end and
intellectualization industry. FDI has been concentrated in the manufacture of computers,
communication, and other electronic equipment, manufacture of electrical machinery and
equipment, and manufacture of transportation in recent years. In these areas, China still
needs to solve basic problems such as core basic parts and components, essential basic
software, key basic materials, and advanced basic technology. Technology purchase and
introduction are still better choices.

6. Conclusions and Policy Implications
6.1. Conclusions

This study proposes an approach to examine the relationship between FDI competitive
effects, demonstration effects and energy efficiency, and tests this relationship empirically
using industry level micro data. TFEE is measuring using a super-DEA approach to define a
benchmark of best practice. Generalized method of moments is used to compute to control
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for possible endogeneity. The energy efficiency literature has emphasized the importance of
FDI spillovers in helping improve energy utilization. To date, there is very little to say about
the relationship between different FDI spillover effects and energy efficiency. This topic is
likely to grow in importance as emerging economies develop. The empirical models fit the
data well and pass a number of diagnostic tests. This study shows that FDI competitive
effects, measured using the total value of foreign-owned enterprises to the total value of all
enterprises in the industry, improve the energy efficiency for the manufacturing industry,
but FDI demonstration effects prohibit energy efficiency improvement. Furthermore, we
divided the total sample into two groups from the energy consumption perspective, high
energy consumption and low or middle energy consumption groups. The research found
that competitive effects of FDI spillovers have a significant positive impact on energy
efficiency improvement in both groups, whereas the negative effect of demonstration
effects are more obvious to the low or middle energy consumption group.

Due to the limitations of data, we only focused on the analysis of Guangdong’s man-
ufacturing industry in the study. Although Guangdong’s unique position in economic
development, the level of economic development in each region is different and cannot
be generalized. Hence, the conclusions drawn based on the current research and rele-
vant policy implications have great significance to other fast-growing regions such as
Guangdong.

6.2. Policy Implications

These results are important for several reasons. Emerging economies that continue
to promote the transformation and upgrading of the entire industrial chain of traditional
industries focuses on a new generation of information technology, and target areas where
weaknesses and shortcomings are concentrated. Enhancing the quality of foreign capital
utilization and expanding FDI technology transfer and diffusion effects are essential to pro-
mote technological progress. Governments are advised to strengthen the policy guidance
for FDI use in energy emission reduction, and strengthen MNCs’ energy emission goals.
MNC affiliates in the low-energy, clean industries should be provided policy incentives
and support to achieve the great combination of FDI and energy-saving and emission
reduction. This way would avoid high energy consumption becoming a constraint in the
development of the industry. For traditional industries with high energy consumption
and high pollution, FDI should be suppressed through greater efforts. For high energy
consumption industries with low energy efficiency, the government should guide local
firms to energy-saving and carbon-reduction technological transformation, improving the
energy efficiency of production and operation.

Our study drew some important conclusions and insightful suggestions for Guang-
dong Province to effectively improve energy efficiency in the manufacturing sector. The
Guangdong-Hong Kong-Macao Greater Bay Area has played an important role in China’s
economic development and opening up to the outside world. The Greater Bay Area has the
advantages of industrial clusters, which is a strong foundation to support the achievements
of transformation and innovation. Under the dual-cycle development pattern, the Greater
Bay Area will further promote the integration of production, education, and research to
become a leading international innovation center from scientific research and development
to manufacturing.

In future studies, the service industry is an area worth examining the relationship
between FDI spillovers and energy efficiency. In recent years, the proportion of China’s
service industry attracting FDI has increased. With the rising labor costs in China, the
manufacturing industry may no longer be the main industry for FDI. The service industry
will eventually overtake the manufacturing industry and become the leading industry to
attract FDI.
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