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Abstract

The resource and environmental problems are compelling the building sector to transition 
towards a more sustainable and eco-friendly approach. Energy conservation and emission reduction 
are facilitated by green technology innovation, which is a critical approach to achieving low-carbon 
transformation. This study uses a two-way fixed effects model to explore the relationship between 
green technology innovation and carbon emissions. We employ data from listed companies in China's 
construction sector from 2003 to 2021. Additionally, this paper examines the impact of the government's 
environmental attention mechanism by employing the moderating effects model. The research findings 
suggest that there is a negative correlation between carbon emission intensity and the innovation of 
green technologies. This result remains valid after rigorous testing, considering endogeneity and 
robustness. The influence of green technology innovation on carbon emissions is enhanced by 
government environmental concerns. Examining heterogeneity reveals that only firms located in the 
eastern area exhibit substantial carbon reduction benefits. Furthermore, it is seen that the magnitude 
of the enterprise's size and the level of marketization positively correlate with the carbon reduction 
effect of green technology innovation. Ultimately, specific suggestions are provided for the government, 
industry, and heterogeneity, respectively.
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Introduction

The worldwide trajectory of carbon emissions is 
directly impacted by the magnitude of carbon emissions 
originating from China. Hence, for the purpose of 
accelerating the global shift towards achieving net-
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zero emissions, it is imperative that China undertakes 
urgent decarbonization. The primary cause of global 
temperature increase and fast climate change on 
a global scale is the release of carbon dioxide and 
other greenhouse gasses by human activities [1]. 
Approximately 75% of worldwide greenhouse gas 
emissions are attributed to carbon discharge, with 
the majority resulting from energy generation [2]. 
Global carbon emissions continue to rise, with China 
accounting for a relatively large share of those emissions 
[3]. Evidently, China’s per capita carbon dioxide 
emissions have constituted half of the global total in 
recent years [4]. China has the most substantial carbon 
footprint globally, and the need to diminish emissions 
surpasses that of other nations [5]. In response to the 
global environmental crisis, China actively promoted 
green development and low-carbon transformation. 
China has adopted several climate change initiatives and 
is actively involved in a range of regulations regarding 
climate change and measures [6]. China aims to reduce 
carbon discharge by constructing a particularly rigorous 
sustainable development route [7].

The construction industry is a high-carbon emitting 
sector that is a critical component of the “carbon 
peaking and carbon neutrality” objective. Therefore, 
the industry’s environmental sustainability direction 
is to promote greening and low-carbonation. With 
accelerating urbanization and population growth, 
the construction industry’s demand for energy is 
increasing, and so is its carbon footprint. In addition 
to exacerbating the severity of global environmental 
degradation, this trend also presents a significant threat 
to the long-term sustainability of human society. The 
building sector significantly contributes to both global 
energy use and emissions of carbon [8]. Furthermore, 
the carbon emission issue of construction enterprises 
has been further exacerbated by the significant waste of 
natural resources and the substantial energy expenditure 
associated with the traditional construction mode. 
Green building measures have been implemented in 
many aspects of building design, building materials, 
and building construction. However, they have not yet 
fundamentally promoted carbon reduction processes in 
the construction industry because they have not been 
fully popularized [9]. Green building measures have 
been implemented in numerous aspects of building 
design, building materials, and building construction. 
However, they have not yet significantly facilitated 
carbon reduction in the construction industry due to 
their partial popularization.

Technological innovation plays a vital role in the 
shift towards a carbon-neutral economy [10]. This is a 
significant means of achieving lower emissions in the 
building sector. Green technological innovation refers 
to realizing the efficient use of resources, reducing 
environmental pollution, and diminishing carbon 
dioxide discharge through technological innovation 
and management innovation. As the primary players 
in the construction industry, construction firms use 

innovative green technology to implement emission 
reduction measures [11]. This is particularly essential 
to attaining the sector’s carbon reduction objective. On 
the one hand, when implemented via energy innovation, 
zero-carbon technologies may decrease reliance on 
fundamental energy sources, such as traditional fossil 
fuels, substantially reducing pollution [12]. On the 
other hand, green growth and objectives for achieving 
a low-emissions society can be achieved through policy 
development that encourages technological innovation. 
This is because technical progress contributes to the 
ongoing progress of environmentally friendly energy. 
There are positive effects on certain economies by 
optimizing the consumption of green energy sources 
[13]. Therefore, advancements in technology are seen as 
beneficial in mitigating carbon dioxide emissions.

Government environmental considerations may 
contribute to maintaining a harmonious equilibrium 
between various levels of technological progress and 
carbon dioxide discharge. The growing environmental 
awareness of the government will force companies 
and society to acknowledge the significance of the 
green technology revolution as a novel catalyst for 
economic expansion. Specifically, the government can 
strengthen its environmental concerns by formulating 
policies and providing financial support. Public sector 
financial allocations for energy technology-related 
research and development (R&D) may generate 
favorable market circumstances. It can encourage the 
private sector to invest in environmentally friendly 
technologies, thereby facilitating the adoption of 
renewable energy [14]. Furthermore, achieving carbon 
neutrality requires significant efforts, one of which is 
the development of improved low-carbon technologies 
[15]. Firms will only undertake technological research 
and development if green technological innovation 
enables them to gain a competitive advantage [16]. The 
government can reduce the complexity and uncertainty 
of technological innovation by signaling green and low-
carbon development to a wide range of enterprises. This 
perception will motivate enterprises to make a concerted 
effort to invest in environmentally friendly technology 
in order to gain a competitive edge. Therefore, it can 
foster the evolution of an economic system in a low-
carbon, sustainable direction.

The major purpose of this work is to confirm the 
impact of emission reduction and the emission reduction 
mechanism of the green technology revolution on 
carbon emissions based on the provided background 
information. The main research contents of this article 
are listed as follows. Firstly, this paper employs a 
two-way fixed effects model to investigate the causal 
connection between the green technology revolution 
and carbon dioxide discharge. We adopt the data of 
all A-share-listed enterprises in China’s construction 
industry from 2003 to 2021 by examining endogeneity 
and undertaking robustness tests for further analysis. 
Secondly, this paper employs the moderating effect 
model to examine the moderating influence of 
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government environmental concern on the innovation 
of green technologies. Lastly, this paper investigates 
the heterogeneity of the green technology revolution in 
terms of emissions, taking into account the degree of 
marketization, enterprise scale, and region.

The following innovations exist in this paper. Firstly, 
this research incorporates green technology evolution, 
government environmental concerns, and carbon 
dioxide emissions into the same framework for research, 
breaking through the limitations of previous single-
dimension analyses. In this paper, we examined in-depth 
its moderating effect on the abatement effect of green 
technology evolution from the government’s perspective. 
It innovatively revealed the government’s important role 
in promoting the transformation of the green technology 
revolution into an actual carbon abatement effect. 
Secondly, the multi-dimensional heterogeneity analysis 
reveals the complexity of the carbon abatement effect. 
We further conduct heterogeneity analysis from multiple 
dimensions, such as the degree of marketization, 
enterprise scale, and regional characteristics. This 
multi-dimensional heterogeneity analysis reveals the 
differences in the carbon abatement effects of green 
technology evolution across diverse contexts.

The rest of the article follows this structure. Section 
II reviews the literature. The third phase of the study 
focuses on the theoretical examination and formulation 
of research hypotheses. The fourth part outlines the 
research methods and data used in the study. Section 
five provides the empirical findings. Section six provides 
further analysis. Part VII presents the study findings 
and provides policy recommendations. Fig. 1 shows the 
research framework of the thesis.

Literature Review

Study on Carbon Emissions

Research on carbon emissions has mostly centered 
on measuring techniques and the variables that influence 
them.

The measurement of carbon emissions is mainly 
divided into two categories: directly and indirectly 
measurable. On the one hand, directly measurable 
carbon dioxide emissions are mainly related to the 
national [17], industry [18], provincial and municipal [19-
20], and other macro-levels. A large amount of energy 

Fig. 1. Research framework.
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consumption data can be provided to match the emission 
factors for calculation [21]. On the other hand, carbon 
emissions that are indirectly measurable mainly involve 
the micro level, such as enterprise [22] and county [23]. 
Existing energy consumption data in this category are 
less available, and the data samples are inadequate. The 
following approaches are typically used: Firstly, indirect 
and direct emissions are computed using an input-output 
methodology [24]. Secondly, industry carbon emissions 
are used to estimate enterprise discharge [25]. Thirdly, 
construct models to predict. For example, Sun et al. [26] 
developed a model to forecast carbon discharge intensity 
using factor analysis and an extreme learning machine. 
Fourth, a full life cycle approach is used. For example, 
Resch et al. [27] used a comprehensive life-cycle 
approach (LCA) to evaluate and illustrate the implicit 
emission statistics associated with the manufacturing 
and transporting of building materials. In fact, there 
are no strict boundaries for the use of the above 
categorization of measurement methods; e.g., micro-
level studies also use LCA [28], and macro-level studies 
use input-output analysis [7].

The study of the variables influencing carbon 
dioxide discharge is mostly conducted from several 
viewpoints. On the one hand, from the energy itself. The 
closest and most direct factor affecting discharge is the 
energy consumption situation, which mainly involves 
the energy structure, energy efficiency, energy intensity, 
and so on. For example, Chastas et al. [29] stated in 
their study that the operational and total environmental 
impacts are correlated with the energy mix, which can 
be quantified in terms of energy or discharge. Kirikkaleli 
et al. [30] used the NARDL, Fourier ADL, and 
frequency domain causality techniques to examine the 
asymmetry and long-term impacts of energy production 
on the sustainability of the environment (carbon dioxide 
emissions) in Finland. Khezri et al. [31] discovered 
that higher energy usage intensity, trade openness, and 
urbanization lead to a rise in carbon dioxide emissions. 
On the other hand, starting from exogenous factors, 
i.e., other factors unrelated to energy. These mainly 
involve digital transformation [32], level of economic 
development [33], green finance [34], and environmental 
policies [35-36]. In addition, some scholars use factor 
decomposition models to incorporate numerous carbon 
emission-driving influences into the same analytical 
framework. For example, Li et al. [3] developed an 
expanded STIRPAT model to examine the influence of 
energy market parameters on the conventional STIRPAT 
human ecology model.

Research on Green Technology 
Innovation and Carbon Emissions

Additional conclusive information about the 
influence of green technology innovations on carbon 
dioxide emissions needs to be included. On the one 
hand, most scholars consider eco-innovation as the most 
critical life-saver for addressing the adverse effects of 

increasing environmental degradation. For example, 
Erdogan [37] determined that adopting technical 
advancements in the BRICS nations has the potential 
to cut down carbon dioxide release in the building 
industry between 1992 and 2018. On the other hand, 
many studies have emphasized the negligible or even 
enhanced impact of green technological innovation on 
the diffusion of greenhouse gas release. For example, 
Chen et al. [38] used a spatial econometric model to 
investigate the influence of technical innovation on 
carbon dioxide release in 96 nations. The findings of the 
research indicate that technological innovation does not 
have a substantial mitigating impact on the worldwide 
emissions of carbon dioxide. Furthermore, several 
studies have examined the function of green innovative 
technology, exploring its role as a mediator in lowering 
emissions. This includes its mediating role [39] and 
moderating function [40]. However, it has garnered 
relatively little attention as a central explanatory 
variable.

Research on green technology innovation and carbon 
emissions in the construction sector primarily focuses 
on the following topics. Firstly, there are relatively 
few studies involving micro-areas, such as enterprises, 
which mainly focus on national or sectoral scopes, 
such as industry [41], manufacturing [42], services [43], 
and agriculture [44]. Secondly, focusing on the carbon 
reduction effects of construction companies is based on 
the variability of industry characteristics. Each sector 
has its own carbon emission trends [45]. The influence 
of technical advancements on carbon dioxide emissions 
varies greatly across different industries [46]. Thirdly, 
there is a paucity of concrete evidence in studies 
about the impact of building companies on carbon 
reduction. Prior studies primarily focus on the variables 
that influence construction companies’ inclination to 
diminish emissions [47] and the direct influence of 
digital construction advancements on carbon dioxide 
release [48]. Furthermore, several researchers have 
developed simulation models to analyze carbon 
dioxide emissions mitigation and investigate the low-
carbon growth strategies of building companies [49]. 
Generally, most similar studies focus on the macro level, 
rarely include micro samples of enterprises, and lack 
direct analyses of construction enterprises. However, 
studying how construction enterprises use technological 
innovation to achieve carbon dioxide abatement is 
essential.

Analysis of Green Technology 
Innovation, Government Environmental 

Attentions, and Carbon Emissions

Government environmental attention has been 
widely studied, mainly including indicator measures 
and influencing factors. Distributing decision-
maker’s attention may result in varying organizational 
strategies and resource allocation, subsequently 
influencing organizational behavioral decisions [50]. 
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The government’s focus is constrained within a 
certain time frame, but a growth in the government’s 
environmental attention indicates a greater allocation of 
resources towards environmental protection. This shift 
transforms the conventional rivalry based on GDP into 
a competition based on environmental performance [51]. 
It is challenging to assess the environmental governance 
of local governments fully by relying only on metrics 
such as carbon tax rate, environmental protection 
staff, and total investment in pollution, which are used 
to indicate government environmental concern [52]. 
Consequently, the approach to measuring government 
environmental concern has evolved from the “indicator 
substitution method” to the “text analysis method” [50]. 
Scholars use text analysis to examine the frequency 
of words in government reports, plans, programs, and 
decrees. This technique helps create comprehensive 
environmental care indicators within local governments 
[53]. Several studies have examined the influence of 
government environmental concern on several aspects, 
including company ESG performance [54], urban energy 
efficiency [55], and air pollution [56], using the approach 
of textual analysis.

The relationship between government environmental 
concern, green technological innovation, and carbon 
dioxide emissions is highly correlated. However, there is 
a scarcity of literature that integrates these three factors 
into a cohesive study framework. On the one hand, 
some experts claim that government environmental 
governance has a substantial and direct impact on 
promoting enterprises’ innovation in green technologies 
[57]. Additionally, some experts contend that a non-
linear correlation exists between the two [58]. On the 
other hand, the government’s environmental concern 
significantly influences firms’ carbon dioxide release 
mitigation, mostly by implementing effective emission 
reduction measures and mechanisms [59]. Public 
engagement in environmental matters can enhance 
pollution management by heightening the government’s 
environmental focus [53]. The more prominent the 
government’s emphasis on environmental protection, 
the more effective green financial policies become in 
promoting ecologically sustainable development [60]. 
However, fewer studies have explored the specific 
mechanism through which government environmental 
concerns influence innovative green technology and the 
release of carbon dioxide.

Theoretical Analysis and Research Hypothesis

The Impact of Green Technology 
Innovation on Carbon Emissions

Diffusion of innovations is a concept that aims to 
explain how new goods, behaviors, or ideas get accepted 
by individuals within a social system. The Diffusion 
of Innovations theory was first introduced by Everett 
Rogers in his work titled Diffusion of Innovations 

[61]. The Diffusion of Innovations theory illustrates 
the gradual progression that takes place when novel 
concepts, items, or technology are introduced into a 
social framework [62]. It explores the mechanisms via 
which creative ideas, products, or practices disseminate 
within a social system, tracing their path over time 
through distinct channels [63]. The theory encompasses 
many crucial components, including the invention itself, 
the process of dissemination and the channels through 
which it occurs, the factor of time, the possible adopters, 
and the social structure [64]. These aspects determine 
whether or not a given group will accept an innovation.

The dissemination process of green technological 
innovation, being a distinct type of innovation, is 
likewise influenced by the elements outlined in the 
diffusion of innovation theory. Based on the innovation 
diffusion theory, some environmental improvements 
need more time to be accepted due to their 
dissemination rate and diffusion route [65]. The inherent 
characteristics of technological innovation, such as risk, 
uncertainty, and long lead times, constitute barriers 
to green technological innovation. For conservative 
construction companies, these obstacles become 
detrimental factors that impede their active participation 
in green technological innovation, thereby influencing 
their continued endorsement of green technological 
innovation. To “disrupt” an incumbent, an invention 
must bridge the gap between an early specialized market 
and the mainstream market [66]. The diffusion channel of 
green technological innovation facilitates the acceptance 
of low-carbon technological innovation results by 
innovation adopters. This promotes and applies low-
carbon technology and the realization of economic value 
through producing low-carbon products. Consequently, 
construction enterprises are encouraged to transition 
from high-use energy and high contamination to low 
energy usage and low pollutants, thereby achieving the 
objectives of carbon emission reduction and industrial 
upgrading. This research hypothesizes the following 
from the information:

H1: The higher the level of green technology 
innovation, the stronger the carbon emission reduction 
effect in construction enterprises.

Mechanisms of Green Technology 
Innovation Affecting Carbon Emissions

A low-carbon economy is centered on minimizing 
energy usage and reducing pollution levels. The idea 
of low-carbon economics centers on diminishing the 
use of high-carbon energy sources and the emission of 
greenhouse gasses. This is achieved through technical 
advancements, institutional reforms, industrial 
restructuring, and the promotion of renewable energy 
sources. The objective is to attain novel economic 
growth distinguished by minimal energy use, pollution, 
and emissions [67]. It aims to address the inherent 
conflict between the economic system and the ecology. 
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As such, it places significant emphasis on economic, 
technical, and institutional matters.

Within this theoretical framework, government 
environmental attention is seen as a key factor in 
driving the development of green technology and 
reducing carbon dioxide release. The government can 
promote urban low-carbon transitions through effective 
policy formulation and governance practices [68]. On 
the one hand, the government encourages businesses to 
engage in innovations in green technology activities to 
enhance energy efficiency and minimize carbon dioxide 
emissions by developing and enforcing appropriate 
legislation. Local governments’ environmental 
incentives may encourage enterprises to embrace cleaner 
manufacturing techniques and use green management 
strategies to reduce carbon dioxide release [69]. On the 
other hand, governments follow governance practices 
that motivate firms to comply with environmental 
regulations and reduce environmental pollution. Urban 
development may facilitate the shift towards a circular 
economy by implementing sustainable practices and 
fostering possibilities for resource and commodity reuse 
and recycling [70]. The government’s environmental 
concerns are essential in fostering innovation in green 
technology and mitigating business carbon dioxide 
emissions. With the facts supplied, this research 
hypothesizes:

H2: Higher government environmental attention 
makes green technology innovation and carbon 
emissions more negatively correlated.

Material and Methods

Model Construction

Two-Way Fixed-Effects Model

The subsequent regression equation was devised to 
evaluate the influence of green technology innovation 
on construction firms’ carbon emissions.

	 	 (1)

Where individuals and years are represented by 
the symbols i and t, respectively; CEIit represents 
the logarithm of carbon emissions intensity from 
construction firms for individual i in period t; Techit 
represents the logarithm of the number of green 
technology innovation patents obtained by construction 
firms for individual i in period t, indicating the level 
of green innovative technology; Xit is a set of control 
variables that influence the carbon dioxide release of 
construction firms; αi represents an individual fixed 
effect, accounting for factors that remain constant over 
time for all construction firms; γt represents time-fixed 
effects, accounting for factors that remain constant over 
time for construction firms at the time level; and εit is 

the residual term. In the above equation, the symbol 
β1 represents this research’s estimated coefficient of 
interest. If the coefficient β1 is negative and statistically 
significant, it indicates that adopting green technological 
innovation may considerably decrease the carbon 
emission intensity of construction enterprises.

Moderating Effects Model

This research examines the influence of government 
environmental attention on the relationship between 
green innovative technology and carbon dioxide 
emissions. The equation (2) is developed based on 
equation (1). Furthermore, to avoid any bias caused by 
multicollinearity, the independent variable of green 
technological innovation and the moderating variable of 
government environmental concern are both centered 
prior to generating the turnover multiplier term. There is 
a significant link between these two variables.

	 	 (2)

Where, GEAit denotes government environmental 
attention and acts as a moderating variable for firm 
i in period t. In the above equation, β1, β2, β3 are the 
estimated coefficients of interest in this paper. If β3 is 
significant, it means that government environmental 
attention has a moderating effect on the invention of 
green technology in construction enterprises, namely 
in lowering carbon dioxide emissions. When the main 
effect is negative, the interaction term is negative, and 
government environmental attention acts as an enhanced 
moderating role.

Variable Selection

Dependent Variable

Carbon Emission Intensity (CEI). Carbon emission 
data at the level of listed companies is challenging 
to obtain. Taking Bolton and Kacperczyk [71] as a 
reference, we measure enterprises’ carbon emissions 
using their disclosed emission data, such as their social 
responsibility reports and energy consumption data. 
This article classifies the provided data in the report 
into three categories: direct, indirect, and overall carbon 
dioxide emissions. The dependent variable used in our 
analysis was carbon emission intensity, which was 
determined by dividing carbon discharge by company 
revenue plus one and then taking the natural logarithm. 
This research uses the logarithms of total carbon 
emission intensity (GCEI), direct carbon emission 
intensity (DCEI), and indirect carbon emission intensity 
(ICEI) for regression analysis. Furthermore, the carbon 
emission intensity is used to conduct a robustness test of 
the method’s strength and reliability.
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Explanatory Variables

Green Technology Innovation (Tech). Taking into 
account the gradual improvement in the availability and 
accuracy of patent data, this paper uses the logarithm of 
green invention patent acquisition (Tech) as a measure 
of green technology evolution [72-73]. It is calculated 
by adding 1 to the number of green invention patents 
acquired and then taking the natural logarithm. 
In addition, we use the logarithm of green patent 
applications [74] and the logarithm of green utility 
model patent applications [75] for robustness testing.

Moderating Variable

Government Environmental Attention (GEA). 
The variable GEA is seen as a mediator in relation to 
government attention to the environment. In accordance 
with Chen et al.’s study technique [76], we quantify 
local government environmental concerns by comparing 
the frequency of environment-related phrases to the 
overall word count of the reports. The government’s 
increasing use of environmental terminology in its 
work report implicitly suggests a heightened focus on 
environmental protection. Therefore, it amplifies the 
government’s attention to environmental matters. The 
variables GEA and Tech are centered on mitigating 
the issue of multicollinearity. The interaction term 
between government environmental attention and green 
technology evolution is computed.

Control Variables

Various intricate aspects impact the carbon dioxide 
discharge of construction enterprises. This study 
examines many factors that include firm size, gearing 
ratio, net profit ratio of total assets, fixed asset ratio, 
percentage of shares owned by the biggest shareholder, 
cash flow ratio, proportion of independent directors, 
executive team’s focus on the environment, and whether 
the company is experiencing a loss. The value of the 
omitted variable controls the possible influence of other 
factors and alleviates the endogenous problems that may 
result from the omitted variable bias. For the stability of 
the data, we take the natural logarithm for the quantity 
category and keep the original data for the ratio category 
(the definitions of this study’s primary variables can be 
seen in Supplementary Notes).

Data Sources

The paper utilizes A-share data from construction-
listed businesses from 2003-2021 as a research sample, 
taking into account the accessibility and dependability 
of the data. The emissions data is sourced from annual 
reports, social responsibility reports, sustainable 
development reports, company websites, environmental 
department websites, and environmental reports of 
listed firms. The CSMAR database includes information 
on advancements in green technology. The CSMAR 
database, annual reports of listed firms, and social 
responsibility reports of listed corporations serve as 
the primary sources for the data on control factors. 
The mechanism variable information is derived from 

Variable N Mean Sd Min Max

GCEI 1030 0.412 0.364 0.000 9.746

DCEI 1030 0.330 0.293 0.000 7.868

ICEI 1030 0.083 0.072 0.000 1.879

Tech 1030 0.537 0.939 0.000 3.912

GEA 1030 0.003 0.001 0.000 0.010

SIZE 1030 22.792 1.796 19.124 27.813

LEV 1030 0.642 0.177 0.129 0.959

ROA 1030 0.021 0.048 -0.231 0.130

FIXED 1030 0.098 0.111 0.003 0.572

TOP1 1030 0.374 0.154 0.060 0.729

CFR 1030 0.012 0.069 -0.186 0.220

IDR 1030 0.384 0.076 0.000 0.667

HER 1030 0.004 0.006 0.000 0.071

LOSS 1030 0.105 0.307 0.000 1.000

TOBINQ 1030 1.442 0.720 0.872 5.333

Table 1. Descriptive statistics of variables.
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the work reports of municipal governments in each 
province. The following processing processes ensure 
data accuracy. (1) Remove data from companies with 
the labels ST, *ST, and PT, as well as the data from 
companies that are no longer listed. Only keep data 
from listed construction industry companies that are 
traded on the A-share market. (2) Eliminate the samples 

of variables with missing data. (3) Remove the parts of 
businesses with a gearing ratio of 0 or 1. (4) To prevent 
extreme values from influencing empirical results, 
the article applies two-sided 1% and 99% truncation 
to continuous variables. Finally, 88 listed companies 
and 1030 unbalanced panel data are obtained through 
screening in this study. This section also assessed the 

FE FE_DT

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

Variables GCEI DCEI ICEI GCEI DCEI ICEI

Tech
-0.035*** -0.028*** -0.007** -0.026** -0.020* -0.006**

(0.013) (0.011) (0.003) (0.013) (0.011) (0.003)

SIZE
-0.045 -0.035 -0.010 0.005 0.005 -0.000

(0.049) (0.040) (0.009) (0.024) (0.019) (0.005)

LEV
0.366*** 0.287** 0.079*** 0.254** 0.199** 0.054**

(0.137) (0.109) (0.028) (0.112) (0.090) (0.023)

ROA
-0.072 -0.089 0.017 0.681** 0.532** 0.148**

(1.080) (0.872) (0.209) (0.333) (0.262) (0.073)

FIXED
0.353* 0.272 0.081* 0.237 0.179 0.058

(0.206) (0.164) (0.043) (0.176) (0.141) (0.036)

TOP1
0.285 0.221 0.064 0.113 0.084 0.028

(0.252) (0.203) (0.049) (0.136) (0.109) (0.028)

CFR
-0.179 -0.155 -0.024 -0.066 -0.064 -0.003

(0.166) (0.134) (0.034) (0.117) (0.093) (0.026)

IDR
0.438 0.356 0.082 -0.047 -0.038 -0.009

(0.438) (0.354) (0.085) (0.174) (0.142) (0.035)

HER
-1.042 -0.794 -0.249 -0.261 -0.209 -0.066

(1.638) (1.340) (0.316) (1.547) (1.280) (0.293)

LOSS
0.018 0.012 0.006 0.026 0.021 0.006

(0.043) (0.035) (0.008) (0.038) (0.030) (0.008)

TOBINQ
0.035 0.028 0.007 0.038 0.030 0.008

(0.028) (0.023) (0.005) (0.037) (0.030) (0.006)

Constant
0.686 0.533 0.153 0.031 0.002 0.030

(0.826) (0.670) (0.158) (0.562) (0.452) (0.115)

Year FE Yes Yes Yes Yes Yes Yes

Id FE Yes Yes Yes Yes Yes Yes

R2 0.053 0.052 0.055

N 1030 1030 1030 1030 1030 1030

Note: (1) Values included in brackets represent robust standard errors. (2) The symbols *, **, and *** represent the significance 
thresholds of 10%, 5%, and 1%, respectively. (3) The table displays the regression results of a two-way fixed effects model with robust 
standard errors, denoted as FE. It also shows the regression results of an interaction fixed effects model, denoted as FE_DT, which 
accounts for individuals and years.

Table 2. Estimation results for the two-way fixed-effects model.
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mean-variance inflation factor (VIF), revealing that 
the average VIF value was 1.83, and the VIF for each 
variable was below 4. This indicates that the explanatory 
variables did not exhibit multicollinearity. Table 1 shows 
the variable descriptive statistics.

Results and Discussion

Two-Way Fixed-Effects Model Regression Results

Baseline regression results are in Table 2. The table 
shows two-way fixed-effect model regression results 
in columns (1) to (3). Robust standard errors are taken 
into account. The table displays the regression outcomes 
using the interaction fixed-effect model, adjusting 
for individuals and years. Columns 4 to 6 include 
the specific data. The correlation coefficients for the 
variables are -0.035, -0.028, and -0.007, as shown in 
columns (1) to (3). It can be demonstrated that companies 
implementing green technologies may decrease total, 
direct, and indirect carbon dioxide emissions. After 
controlling for interaction fixed effects, the variable 
Tech’s regression coefficients in columns (4) to (6) are all 
statistically negative. The results indicate that enhancing 
the development of ecologically conscious technologies 
may reduce emissions by construction companies. The 
findings corroborate H1.

Carbon emission intensity reduces as green 
technological innovation grows, as shown by the 
interpretive analysis done using the estimates in 
columns (1) and (3). Construction companies’ carbon 
dioxide discharges are clearly affected by innovative 
green technology. Carbon levels mostly stem from the 
energy utilization of building firms’ manufacturing 
and operation processes. The advancement of technical 
innovation levels promotes improving the production 
process and transforming the industrial structure, 
leading to increased production efficiency and decreased 
investment costs for pollution management. As a result, 
the evolution of green technology can potentially 
optimize industrial structure, eliminate polluting 
technologies, and achieve energy-saving goals. These 
variables will ultimately influence the emission levels of 
corporations. The findings of this study align with the 
consensus of the prevailing body of research.

Endogenous Test

Carbon emissions and innovative green technology 
may be reversely causal. This means that higher 
emissions levels in the construction industry may 
lead to increased engagement in green technology 
evolution. Alternatively, measurement errors or omitted 
variables could also be contributing factors. This 
study reevaluates equation (1) using the instrumental 

Tech GCEI DCEI ICEI

(1) (2) (3) (4)

Variables First Second Second Second

Tech
- -0.048** -0.037** -0.010***

- (0.019) (0.016) (0.004)

Tech_Ave
-59.237*** - - -

(1.761) - - -

F-test - 1132.000*** 1132.000*** 1132.000***

Kleibergen-Paap rk LM 
statistic - 181.126*** 181.126*** 181.126***

Cragg-Donald Wald F 
statistic - 3718.847 3718.847 3718.847

Stock-Yogo weak ID 
test critical values - 16.38(10%) 16.38(10%) 16.38(10%)

Control variables Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Id FE Yes Yes Yes Yes

R2 - 0.053 0.052 0.054

N 1030 1030 1030 1030

​Note: (1) Values included in brackets represent robust standard errors. (2) The symbols ** and *** represent the significance thresholds 
of 5% and 1%, respectively. (3) The Kleibergen-Paap rk LM statistic represents the under-identification test; the Cragg-Donald Wald 
F statistic and Stock-Yogo weak ID test critical values represent the weak instrumental variable test.

Table 3. Regression results for the instrumental variable.
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variable approach instead of the regression technique. 
Additionally, all variables are delayed by one period to 
reduce endogeneity, which might skew model estimates.

Building Instrumental Variables

We estimate equation (1) using Arellano and 
Bond’s (1991) two-step generalized method of moment 
estimation (GMM). Using an instrumental variables 
approach, this procedure permits us to correct for 
endogeneity. This article employs the average value of 
technological innovations related to environmentally 
friendly practices in other companies within the same 
industry during the present year as an instrumental 
variable (IV) [77]. The actions of individual enterprises 
do not influence the whole sample’s characteristic 
parameters. However, they are linked to the 
explanatory variables, specifically the green technology 
revolutionization status of other companies in the same 
industry. Note that the green technology evolution status 
of other enterprises in the current year does not directly 
impact the carbon emission situation of a particular 
enterprise. Still, it directly affects its green technology 
revolutionization level, which meets the criteria. Thus, 
this study retests its assumptions using the instrumental 
variable approach and runs a two-step GMM regression 
on the original model.

Upon considering endogeneity, Table 3’s columns 
(2) and (4) show that implementing green technology 
evolution leads to reduced emission levels. The results 
show a significant detrimental impact at the 5%, 5%, 
and 1% levels, with an even worse deterioration effect. 
It implies that equation (1) underestimates green 
technology innovation’s reducing influence on carbon 
dioxide emissions due to endogeneity. Furthermore, 
the F-statistic for the first-stage regression exceeds 10, 
suggesting that the chosen IVs are suitable. The p-value 
of the under-identification test is below 0.01. It rejects 
the initial hypothesis that IVs are not identifiable and 
establishes a connection between IVs and endogenous 
variables. The weak identification test rejects the initial 
hypothesis of “weak IV” since the critical value exceeds 
all other critical values. This indicates that there are 
no weak IVs in the equation, which would have helped 
address the endogeneity issue of the model. In summary, 
the aforementioned experiments confirm the validity of 
the instrumental variable.

Changing the Estimation Model

Descriptive statistics of explanatory factors (GCEI, 
DCEI, ICEI) showed that over 10% of the carbon 
emission intensity logarithm was 0. The Tobit model can 
take into account both truncated data and endogeneity 
issues. It is based on the maximum likelihood estimation 
method, incorporating observed, truncated, and 
potentially unobserved data. The study was conducted 
using a linear Tobit model. Table 4 shows the Tobit 
regression findings. All the regression coefficients 

are statistically significant at the 5% level, and the 
connections between the variables remain unchanged. 
The robustness test findings match the preceding 
conclusions after substituting the regression approach.

Robustness Checks

We further performed the following robustness tests 
(see Supplementary Notes). The findings demonstrate 
that the empirical conclusions presented remain solid. 
First, the paper’s conclusions were reinforced using 
regression models that included measures of total, 
direct, and indirect carbon emission intensities. Second, 
we used two different metrics to assess corporate green 
revolutionary technology: Tech1 and Tech2. The value 
of Tech1 represents the natural logarithm plus 1 of the 
total number of green patent applications. Similarly, 
Tech2 represents the natural logarithm plus 1 of the 
number of green utility model patent applications. 
Third, our regression model incorporates controls for the 
enterprise-province-year and enterprise-city-year effects 
within a multi-dimensional fixed-effects framework. 
Fourth, in this analysis, the interaction terms of the 
sulfur carbon dioxide levels fee increase policy, the 
emissions trading pilot policy, the first low-carbon 
provincial and municipal pilot policy, the sewage rights 
trading pilot policy, the One Belt, One Road Initiative, 
and the energy use right trading pilot policy are included 
in equation (1). Fifth, we considered the effect of the 
New Crown Pneumonia pandemic by excluding data 
from 2019 and 2020 and creating interaction variables 
for both years.

Further Analysis

The Moderating Effects of Government 
Environmental Attention

The preceding section specifically analyzed the 
influence of innovative green technologies on carbon 
dioxide levels. A model (2) is created to examine 
whether the connection between government attention 
to environmental issues and innovation in green 
technologies influences the transmission process. 
Table 5 illustrates the extent to which government 
environmental concerns influence or regulate. Columns 
(1), (2), and (3) have negative and statistically significant 
green technological innovation coefficients at the 10% 
level. Although not statistically significant, government 
environmental attention coefficients are negative, 
suggesting a decline. Negative coefficients in columns 
(1) and (3) indicate statistically significant interaction 
terms. Government environmental efforts may boost 
green revolutionary technology’s carbon reduction 
effects. As the government and society place more 
importance on the environment, heightened government 
focus on environmental issues might lead to higher costs 
for enterprises in terms of discharges. In this instance, 
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construction companies believe that the penalties for 
pollution levels are excessively severe, resulting in the 
price of emissions vastly eclipsing the cost of abatement. 
Therefore, construction companies increase their 
willingness to mitigate carbon dioxide. Companies are 
willing to allocate more to research and development 
or implement new green technology to enhance 
construction industry sanitation. They can reduce 
environmental pollution and internalize expenses. This 
conclusion supports H2.

Heterogeneity Analysis

The influence of green innovative technology 
on levels of carbon may vary depending on the 
macroeconomic environment, including factors such as 
regional economic growth, population size, and degree 
of industrialization. The size of a business also directly 
impacts its capacity to engage in technical research and 
development. Furthermore, marketization is crucial to 
industrial carbon emission reduction and revolutionary 
green technology. According to innovation diffusion 
theory, marketization development differs across regions 
and industries in China. The degree of marketization 
can severely limit R&D fund financing efficiency and 
technological innovation diffusion benefits, which affects 
green technology revolutionization optimization and 
spillover effects [78]. Therefore, we need to explore the 
potential heterogeneity of the carbon abatement effects 
of green revolutionary technologies across regions, 
firm sizes, and degrees of marketization. Heterogeneity 
results indicate that green innovative technology in 
enterprises located in the eastern region, with large 
enterprise scale and a high degree of marketization, 
exhibits a significant carbon reduction effect (see 
Supplementary Notes).

Tobit

(1) (2) (3)

Variables GCEI DCEI ICEI

Tech
-0.021** -0.018** -0.006**

(0.009) (0.008) (0.003)

SIZE
-0.002 -0.005 -0.006

(0.017) (0.016) (0.006)

LEV
0.276*** 0.252*** 0.075***

(0.080) (0.076) (0.022)

ROA
0.956*** 0.776*** 0.123

(0.244) (0.230) (0.117)

FIXED
0.099 0.103 0.071**

(0.101) (0.097) (0.032)

TOP1
0.134 0.099 0.046

(0.090) (0.082) (0.033)

CFR
-0.072 -0.076 -0.008

(0.085) (0.074) (0.027)

IDR
-0.084 -0.029 0.041

(0.097) (0.089) (0.048)

HER
-0.044 -0.040 -0.179

(1.023) (0.951) (0.261)

LOSS
0.060** 0.048** 0.009

(0.026) (0.024) (0.008)

TOBINQ
0.007 0.006 0.006

(0.015) (0.014) (0.005)

Constant
0.249 0.224 0.091

(0.354) (0.323) (0.107)

Year FE Yes Yes Yes

Id FE Yes Yes Yes

N 1030 1030 1030

​Note: (1) Values included in brackets represent robust standard 
errors. (2) The symbols ** and *** represent the significance 
thresholds of 5% and 1%, respectively.

Table 4. Regression results for the Tobit model.

FE

(1) (2) (3)

Variables GCEI DCEI ICEI

Tech
-0.031** -0.025** -0.006**

(0.012) (0.010) (0.003)

ER
-11.316 -9.241 -2.076

(9.362) (7.510) (1.936)

c_Tech×c_ER
-7.598* -5.963 -1.635*

(4.401) (3.617) (0.935)

Constant
0.712 0.553 0.159

(0.832) (0.675) (0.159)

Control 
variables Yes Yes Yes

Year FE Yes Yes Yes

Id FE Yes Yes Yes

R2 0.054 0.054 0.056

N 1030 1030 1030

​Note: (1) Values included in brackets represent robust standard 
errors. (2) The symbols * and ** represent the significance 
thresholds of 10% and 5%, respectively.

Table 5. Regression results for the moderating effect model.
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Conclusions

Green technology innovation is crucial for 
mitigating emission levels during peak carbon periods 
and achieving carbon neutrality. Prior research has 
placed less emphasis on the construction firms’ carbon 
dioxide emissions than on industry and manufacturing 
concentration. Given the global push to minimize 
carbon dioxide emissions, prioritizing research on 
carbon emission problems in nations with a significant 
number of construction companies, such as China, 
is crucial. Green technology innovation is critical in 
cutting down emission levels within the “carbon peak” 
and “carbon neutrality” framework. Technological 
innovation positively impacts the development of low-
carbon initiatives. This study used a two-way fixed-
effects model to examine the influence of innovative 
green technology on carbon dioxide emissions, using 
data from listed businesses in China’s construction 
sector spanning from 2003 to 2021. In addition, we 
examine how government environmental attentions 
influence the impact of innovative green technology on 
emission reduction, and we investigate the variations 
across different regions. The primary research findings 
are as follows. Firstly, green technology improvements 
have decreased the carbon emission intensity of 
Chinese construction companies. Secondly, government 
environmental attention enhances the construction 
industry’s green revolutionary technology’s ability to 
diminish emission levels. Finally, the heterogeneity 
research demonstrates that green innovative technology 
significantly reduces emissions in the eastern region 
while having a less pronounced effect in the central 
and western areas. Moreover, lowering carbon dioxide 
emissions is especially noticeable in companies with 
substantial scale and a high degree of market orientation.

This research proposes the following policy 
suggestions in response to the aforementioned results. 
First, the building sector and companies need to cooperate 
to lower carbon dioxide emission levels. Construction 
companies may use green building technology and 
materials such as energy-efficient materials, solar 
energy equipment, and rainwater collection systems 
to cut down carbon discharge during construction and 
usage. The second item to explore is the government’s 
regulatory role in environmental oversight. They can 
promote the engagement of construction enterprises 
and research institutes in researching, developing, and 
implementing environmentally friendly and sustainable 
technologies by providing policy guidance and financial 
assistance. Additionally, the research, development, and 
dissemination of technologies can enhance government 
support. Finally, strategies for carbon reduction should be 
developed in accordance with the specific circumstances 
of the region. The findings of the comprehensive study 
indicate that it is crucial to place greater emphasis on 
the leading role of businesses in the eastern region in 
fulfilling their environmental obligations. Efforts should 
be made to strengthen technological advancements’ 

spillover and radiation effects on the central and 
western regions to provide guidance. Implementing a 
hierarchical technology and industry access mechanism 
is beneficial in promoting cleaner technologies and 
encouraging the transition to low-carbon practices. 
This mechanism will result in higher manufacturing 
costs for highly polluting enterprises while increasing 
companies’ revenues that focus on developing clean 
technologies. Furthermore, it will incentivize energy-
saving technological advancements and encourage 
businesses to embrace low-carbon transformation.

This work contains several constraints, which may 
indicate potential areas for further exploration. Firstly, 
this study of carbon emission reduction has only 
considered the construction industry’s perspective. 
Carbon emissions are influenced not only by the 
manufacturing and building stages but also by the 
upstream and downstream sectors. Further research 
should examine the effects of carbon dioxide discharge 
from both upstream (such as steel and cement production) 
and downstream (such as real estate) industries on the 
construction industry. Moreover, it should investigate 
whether green revolutionary technology has any spillover 
or radiation effects on carbon emission reduction 
throughout the entire industrial chain. Secondly, green 
revolutionary technology in firms is multifaceted. While 
patents are an excellent indicator of green innovative 
technology, they are still too homogeneous to measure 
comprehensively. Future research needs more hands to 
support the findings.

Acknowledgments

This research was funded by the Science and 
Technology Innovation Activity Plan of College Students 
in Zhejiang Province (2024R406A050), the National 
Statistical Science Research Project (2024LY081), the 
National College Students’ Innovative Entrepreneurial 
Training Program of China (202410338039) and by 
the National Statistical Science Research Project 
(2024LY081).

Conflict of Interest

The authors declare no conflict of interest.

References

1.	 DOĞAN B., DRIHA O.M., BALSALOBRE LORENTE 
D., SHAHZAD U. The mitigating effects of economic 
complexity and renewable energy on carbon emissions in 
developed countries. Sustainable Development, 2020.

2.	 GANDA F. The impact of innovation and technology 
investments on carbon emissions in selected organisation 
for economic Co-operation and development countries. 
Journal of Cleaner Production, 217, 469, 2019.

3.	 LI K., FANG L., HE L. The impact of energy price on 



How Does Green Technology Innovation Affect... 13

CO2 emissions in China: A spatial econometric analysis. 
Science of The Total Environment, 706, 135942, 2020.

4.	 RITCHIE H., ROSADO P., ROSER M. CO₂ and 
Greenhouse Gas Emissions. Our World Data, 2023.

5.	 SUN W., HUANG C. How does urbanization affect 
carbon emission efficiency? Evidence from China. Journal 
of Cleaner Production, 272, 122828, 2020.

6.	 SOLAYMANI S. CO2 emissions patterns in 7 top carbon 
emitter economies: The case of transport sector. Energy, 
168, 989, 2019.

7.	 DU Q., ZHOU J., PAN T., SUN Q., WU M. Relationship 
of carbon emissions and economic growth in China’s 
construction industry. Journal of Cleaner Production, 220, 
99, 2019.

8.	 ZHU C., GUO G., SU S., HONG J., LI X. Multiple 
accounting of carbon emission responsibility in the 
construction sector under different principles: A study 
from China. Renewable and Sustainable Energy Reviews, 
186, 113651, 2023.

9.	 ZHAO Y., LIU L., YU M. Comparison and analysis of 
carbon emissions of traditional, prefabricated, and green 
material buildings in materialization stage. Journal of 
Cleaner Production, 406, 137152, 2023.

10.	 BASHIR M.F., MA B., HUSSAIN H.I., SHAHBAZ M., 
KOCA K., SHAHZADI I. Evaluating environmental 
commitments to COP21 and the role of economic 
complexity, renewable energy, financial development, 
urbanization, and energy innovation: Empirical evidence 
from the RCEP countries. Renewable Energy, 184, 541, 
2022.

11.	 AWAN A., ALNOUR M., JAHANGER A., ONWE J.C. 
Do technological innovation and urbanization mitigate 
carbon dioxide emissions from the transport sector? 
Technology in Society, 71, 102128, 2022.

12.	ADEDOYIN F.F., ALOLA A.A., BEKUN F.V. An 
assessment of environmental sustainability corridor: The 
role of economic expansion and research and development 
in EU countries. Science of The Total Environment, 713, 
136726, 2020.

13.	 WANG R., MIRZA N., VASBIEVA D.G., ABBAS Q., 
XIONG D. The nexus of carbon emissions, financial 
development, renewable energy consumption, and 
technological innovation: What should be the priorities in 
light of COP 21 Agreements? Journal of Environmental 
Management, 271, 111027, 2020.

14.	 ARDITO L., PETRUZZELLI A.M., GHISETTI C. The 
impact of public research on the technological development 
of industry in the green energy field. Technological 
Forecasting and Social Change, 144, 25, 2019.

15.	 SHANG W.-L., LV Z. Low carbon technology for carbon 
neutrality in sustainable cities: A survey. Sustainable 
Cities and Society, 92, 104489, 2023.

16.	 CHANG K., LIU L., LUO D., XING K. The impact of 
green technology innovation on carbon dioxide emissions: 
The role of local environmental regulations. Journal of 
Environmental Management, 340, 117990, 2023.

17.	 DONG F., ZHU J., LI Y., CHEN Y., GAO Y., HU M., 
QIN C., SUN J. How green technology innovation 
affects carbon emission efficiency: evidence from 
developed countries proposing carbon neutrality targets. 
Environmental Science and Pollution Research, 29 (24), 
35780, 2022.

18.	 LIU J.-B., YUAN X.-Y., LEE C.-C. Prediction of carbon 
emissions in China’s construction industry using an 
improved grey prediction model. Science of The Total 
Environment, 938, 173351, 2024.

19.	 XIA M., DONG L., ZHAO X., JIANG L. Green 
technology innovation and regional carbon emissions: 
analysis based on heterogeneous treatment effect 
modeling. Environmental Science and Pollution Research, 
31 (6), 9614, 2024.

20.	FANG H., ZHANG X., LEI T., HOUADI B.L. FDI 
Quality, Green Technology Innovation and Urban Carbon 
Emissions: Empirical Evidence from China. Sustainability, 
15 (12), 9657, 2023.

21.	 WANG X., LI J. Heterogeneous effect of digital economy 
on carbon emission reduction. Journal of Cleaner 
Production, 429, 139560, 2023.

22.	JU W., JIN S. The impact of green innovation on 
the carbon performance of Chinese manufacturing 
enterprises: Moderating role of internal governance. 
Heliyon, 10 (10), e31272, 2024.

23.	TAO S., WU X., FANG K., LIN D. Identifying drivers 
of county-level industrial carbon intensity by a generic 
machine learning framework. Journal of Cleaner 
Production, 454, 142276, 2024.

24.	HOU H., FENG X., ZHANG Y., BAI H., JI Y., XU H. 
Energy-related carbon emissions mitigation potential for 
the construction sector in China. Environmental Impact 
Assessment Review, 89, 106599, 2021.

25.	CHEN J., GUO Z., LEI Z. Research on the mechanisms 
of the digital transformation of manufacturing enterprises 
for carbon emissions reduction. Journal of Cleaner 
Production, 449, 141817, 2024.

26.	SUN W., HUANG C. Predictions of carbon emission 
intensity based on factor analysis and an improved 
extreme learning machine from the perspective of carbon 
emission efficiency. Journal of Cleaner Production, 338, 
130414, 2022.

27.	 RESCH E., LAUSSELET C., BRATTEBø H., 
ANDRESEN I. An analytical method for evaluating and 
visualizing embodied carbon emissions of buildings. 
Building and Environment, 168, 106476, 2020.

28.	HUANG L., KRIGSVOLL G., JOHANSEN F., LIU Y., 
ZHANG X. Carbon emission of global construction 
sector. Renewable and Sustainable Energy Reviews, 81, 
1906, 2018.

29.	 CHASTAS P., THEODOSIOU T., KONTOLEON K.J., 
BIKAS D. Normalising and assessing carbon emissions 
in the building sector: A review on the embodied 
CO2 emissions of residential buildings. Building and 
Environment, 130, 212, 2018.

30.	KIRIKKALELI D., SOWAH J.K. The asymmetric and 
long run effect of energy productivity on quality of 
environment in Finland. Journal of Cleaner Production, 
383, 135285, 2023.

31.	 KHEZRI M., HESHMATI A., KHODAEI M. 
Environmental implications of economic complexity and 
its role in determining how renewable energies affect CO2 
emissions. Applied Energy, 306, 117948, 2022.

32.	LIU H., HAN P., WANG D., WANG S., BAO H. Decoding 
enterprise digital transformation: External oversight 
and carbon emission reduction performance. Journal of 
Environmental Management, 359, 121039, 2024.

33.	 MONGO M., BELAïD F., RAMDANI B. The effects of 
environmental innovations on CO2 emissions: Empirical 
evidence from Europe. Environmental Science & Policy, 
118, 1, 2021.

34.	SAEED MEO M., KARIM M.Z.A. The role of green 
finance in reducing CO2 emissions: An empirical analysis. 
Borsa Istanbul Review, 22 (1), 169, 2022.

35.	 LU J., WANG T., LIU X. Can environmental governance 



Mingfei Huang, et al.14

policy synergy reduce carbon emissions? Economic 
Analysis and Policy, 80, 570, 2023.

36.	DU J., LI Z., SHI G., WANG B. Can “environmental 
protection fee to tax” reduce carbon emissions? Evidence 
from China. Finance Research Letters, 62, 105184, 2024.

37.	 ERDOGAN S. Dynamic Nexus between Technological 
Innovation and Building Sector Carbon Emissions in the 
BRICS Countries. Journal of Environmental Management, 
293, 112780, 2021.

38.	CHEN Y., LEE C.-C. Does technological innovation 
reduce CO2 emissions?Cross-country evidence. Journal of 
Cleaner Production, 263, 121550, 2020.

39.	 ZHANG L., MU R., FENTAW N.M., ZHAN Y., ZHANG 
F., ZHANG J. Industrial Coagglomeration, Green 
Innovation, and Manufacturing Carbon Emissions: 
Coagglomeration’s Dynamic Evolution Perspective. 
International Journal of Environmental Research and 
Public Health, 19 (21), 13989, 2022.

40.	WANG D., ZHANG Z., SHI R. Fiscal Decentralization, 
Green Technology Innovation, and Regional Air Pollution 
in China: An Investigation from the Perspective of 
Intergovernmental Competition. International Journal of 
Environmental Research and Public Health, 19 (14), 8456, 
2022.

41.	 LI G., JIN Y., GAO X. Digital transformation and 
pollution emission of enterprises: Evidence from China’s 
micro-enterprises. Energy Reports, 9, 552, 2023.

42.	ZHANG J., YANG K., QIN J. Will the imposition of 
carbon tariffs enhance or worsen the carbon performance 
of China’s export industries? A reality check based on 28 
manufacturing industry segments. Environmental Science 
and Pollution Research, 30 (13), 36472, 2023.

43.	 SUN Y., QIAN L., LIU Z. The carbon emissions level of 
China’s service industry: an analysis of characteristics 
and influencing factors. Environment, Development and 
Sustainability, 24 (12), 13557, 2022.

44.	ACAMPORA A., RUINI L., MATTIA G., PRATESI 
C.A., LUCCHETTI M.C. Towards carbon neutrality in 
the agri-food sector: Drivers and barriers. Resources, 
Conservation and Recycling, 189, 106755, 2023.

45.	 CHEN Y., WU J. Changes in carbon emission performance 
of energy-intensive industries in China. Environmental 
Science and Pollution Research, 29 (29), 43913, 2022.

46.	WU X., XU C., MA T., XU J., ZHANG C. Carbon 
emission of China’s power industry: driving factors and 
emission reduction path. Environmental Science and 
Pollution Research, 29 (52), 78345, 2022.

47.	 WANG B., HUANG C., WANG H., LIAO F. Impact 
Factors in Chinese Construction Enterprises’ Carbon 
Emission-Reduction Intentions. International Journal 
of Environmental Research and Public Health, 19 (24), 
16929, 2022.

48.	YANG X., LEI G., WANG X. Can the development of 
digital construction reduce enterprise carbon emission 
intensity? New evidence from Chinese construction 
enterprises. Frontiers in Ecology and Evolution, 11, 2023.

49.	 WANG W., HAO S., ZHONG H., SUN Z. How to promote 
carbon emission reduction in buildings? Evolutionary 
analysis of government regulation and financial 
investment. Journal of Building Engineering, 89, 109279, 
2024.

50.	LIU X., CIFUENTES-FAURA J., ZHAO S., WANG 
L. Government environmental attention and carbon 
emissions governance: Firm-level evidence from China. 
Economic Analysis and Policy, 80, 121, 2023.

51.	 WANG J., LEI P. The tournament of Chinese 

environmental protection: Strong or weak competition? 
Ecological Economics, 181, 106888, 2021.

52.	FAROOQ U., AHMED J., TABASH M.I., ANAGREH 
S., SUBHANI B.H. Nexus between government green 
environmental concerns and corporate real investment: 
Empirical evidence from selected Asian economies. 
Journal of Cleaner Production, 314, 128089, 2021.

53.	 ZHANG M., YANG Y., DU P.P., WANG J.C., WEI Y.Y., 
QIN J.Y., YU L.M. The effect of public environmental 
participation on pollution governance in China: The 
mediating role of local governments’ environmental 
attention. Environmental Impact Assessment Review, 104, 
2024.

54.	LIU X., CIFUENTES-FAURA J., ZHAO S., WANG L. 
The impact of government environmental attention on 
firms’ ESG performance: Evidence from China. Research 
in International Business and Finance, 67, 102124, 2024.

55.	 WANG H., DENG W., ZHANG Z., LI M. Does 
government’s environmental attention improve urban 
energy efficiency? International Review of Financial 
Analysis, 91, 103046, 2024.

56.	BAO R., LIU T. How does government attention matter in 
air pollution control? Evidence from government annual 
reports. Resources, Conservation and Recycling, 185, 
106435, 2022.

57.	 ZHANG Z., DAI X., DING Y. Government environmental 
governance and firms’ green innovation: Evidence from 
listed firms in heavy pollution industries of China. 
Finance Research Letters, 55, 103848, 2023.

58.	CHEN J., LI Q., WANG X. Does the government’s 
environmental attention improve enterprise green 
innovation? - Evidence from China. Frontiers in 
Environmental Science, 10, 2022.

59.	 ZHU K., DU L., FENG Y. Government attention on 
environmental protection and firms’ carbon reduction 
actions: Evidence from text analysis of manufacturing 
enterprises. Journal of Cleaner Production, 423, 138703, 
2023.

60.	SHEN M., MA N., CHEN Q. Has green finance policy 
promoted ecologically sustainable development under 
the constraints of government environmental attention? 
Journal of Cleaner Production, 450, 2024.

61.	 ROGERS E., SINGHAL A., QUINLAN M. Diffusion of 
Innovations, 2019.

62.	WANG Z., LI W., WANG M. Exploring the social 
diffusion effects of green consumption: Evidence from 
green innovative products. Journal of Retailing and 
Consumer Services, 2024.

63.	RAO K.U., KISHORE V.V.N. A review of technology 
diffusion models with special reference to renewable 
energy technologies. Renewable and Sustainable Energy 
Reviews, 14 (3), 1070, 2010.

64.	GUIDOLIN M., MANFREDI P. Innovation Diffusion 
Processes: Concepts, Models, and Predictions. Annual 
Review of Statistics and Its Application, 10 (1), 451, 2023.

65.	 KARAKAYA E., HIDALGO A., NUUR C. Diffusion of 
eco-innovations: A review. Renewable and Sustainable 
Energy Reviews, 33, 392, 2014.

66.	HO J.C. Disruptive innovation from the perspective of 
innovation diffusion theory. Technology Analysis & 
Strategic Management, 34 (4), 363, 2022.

67.	 LIU P., QIN Y., LUO Y., WANG X., GUO X. Structure 
of low-carbon economy spatial correlation network in 
urban agglomeration. Journal of Cleaner Production, 394, 
136359, 2023.

68.	LIU M., LI S., LI Y., SHI J., BAI J. Evaluating the 



How Does Green Technology Innovation Affect... 15

synergistic effects of digital economy and government 
governance on urban low-carbon transition. Sustainable 
Cities and Society, 105, 105337, 2024.

69.	 WANG C.A., LIU X., LI H., YANG C. Analyzing the 
impact of low-carbon city pilot policy on enterprises’ 
labor demand: Evidence from China. Energy Economics, 
124, 106676, 2023.

70.	DI K., CHEN W., ZHANG X., SHI Q., CAI Q., LI D., 
LIU C., DI Z. Regional unevenness and synergy of carbon 
emission reduction in China’s green low-carbon circular 
economy. Journal of Cleaner Production, 420, 138436, 
2023.

71.	 BOLTON P., KACPERCZYK M. Do investors care about 
carbon risk? Journal of Financial Economics, 142 (2), 517, 
2021.

72.	CHEN C., ZHENG L., LIN Y., GUAN C. Can 
comprehensive environmental regulation trigger green 
innovation? evidence from the low-carbon city pilot policy 
and green patents of listed industrial enterprises. Applied 
Economics Letters, 30 (20), 2886, 2023.

73.	WANG N., YU H., SHU Y., CHEN Z., LI T. Can green 
patents reduce carbon emission intensity? - An empirical 
analysis based on China’s experience. Frontiers in 
Environmental Science, 10, 1084977, 2022.

74.	 LI D., SHEN W. Regional Happiness and Corporate 
Green Innovation: A Financing Constraints Perspective. 
Sustainability, 14 (4), 2263, 2022.

75.	 ZENG Q., TONG Y., YANG Y. Influence of China’s Green 
Finance on Enterprises’ Green Technology Innovation, 
2023.

76.	CHEN Z., KAHN M.E., LIU Y., WANG Z. The 
consequences of spatially differentiated water pollution 
regulation in China. Journal of Environmental Economics 
and Management, 88, 468, 2018.

77.	 FISMAN R., SVENSSON J. Are corruption and taxation 
really harmful to growth? Firm level evidence. Journal of 
Development Economics, 83 (1), 63, 2007.

78.	CHEN Y., CHENG L., LEE C.-C., WANG C.-S. The 
impact of regional banks on environmental pollution: 
Evidence from China’s city commercial banks. Energy 
Economics, 102, 105492, 2021


