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Abstract

This study examines the impact of advanced technologies, including built environment technology,
electricity grade technology, hydrogen technology, offshore water technology, electric vehicles tech-
nology and renewable energy integration, on China’s transition toward a low-carbon economy. Utiliz-
ing time-series data from the World Development Indicators and the Global Electric Vehicle databases
(1991-2022), we analyzed the effectiveness of these innovations in reducing carbon emissions while
fostering economic and environmental resilience. Our findings reveal that technological advancements
contribute to decarbonization efforts and drive substantial green investments, reinforcing China’s po-
sition as a global leader in sustainable energy transitions. The findings also show a significant positive
influence of vehicle electrification on green investment and zero-carbon capture in the country. The re-
sults offer valuable insights for policymakers and investors on environmental sustainability to balance

energy security. It also provides guidelines for global economies seeking to achieve economic growth.
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1. Introduction

Recent decades, scholars have examined the relationship between corporate governance
and technology innovation efficiency (TIE) of China’s medical enterprises with the impact
of environmental parameters on innovation performance (Qiu et al., 2023). They have found
that higher TIE is consequence of different internal mechanisms, such as a stable config-
uration that supports high TIE. Recently, a study found that digital transformation affects
the enterprise pollution abatement of Chinese manufacturing firms (Zhao et al., 2024). Re-
search shows that green subsidies and technology spillover stimulate green innovation ef-
forts, thereby resulting in more and better green patents (Xu, Jing, Weiwei Hu, 2024). A study
focused on technological innovation efficiency in China’s video game industry and found
that Technological innovation efficiency fluctuated slightly across regions and over time
(Xi et al., 2022). However, the relationship between technology development and green in-
vestment is still unexplored in the Chinese context. Therefore, this study examines the im-
pact of the technological development on zero carbon neutrality and green investment
in China, focusing on five key technologies: built environment technology (BET), electricity
grade technology (EGT), hydrogen technology (HT), offshore water technology (OFFST), and
electric vehicles technology (EVT).

This study is essential for many reasons. First, China, as the second-largest economy
(X. Zhao et al., 2022), is strategically positioned to influence global sustainability trends (Y.
Wu et al,, 2021). China needs to achieve green energy investment and sustain its rapid eco-
nomic development. Second, the industrial and transport sectors are key contributors to e
emission, and transforming to technological transformation to enhance efficiency(Liu et al.,
2018; Wu et al.,, 2021). Third, the government has introduced several measures to control
carbon emissions, particularly in the transport sector, including restrictions on private vehi-
cle use and incentives for adopting electric vehicles (EVs), which have led to China becoming
the global leader in EV ownership. China needs to achieve green energy investment and

sustain its rapid economic development.

This study aims to answer the question of how various technologies influence zero
carbon neutrality and green investment in China? This study is based on secondary data
from various datasets. The data related to green investment (GI) and greenhouse gas (GHG)
emissions were collected from the World Development Indicator (WDI; WB, 2025), a univer-
sal database that provides various data throughout the world. The data related to the built
environment technology (BET), electric grade technology (EGT), hydrogen technology (HT),
Offshore technology (OFFST), and Electric Vehicles technology (EVT) was obtained from
the Global Electric Vehicles Data Explorer (IEA, 2025).
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The development of green finance in China substantially broadens the space for green
growth in the economy and society (Wangetal.,, 2023; Xu et al., 2025). Despite China’s crucial
role in the global green environment and its efforts towards low carbon emissions, as high-
lighted by President Xi Jinping’s commitment at the 75th UN General Assembly to peak CO,
emissions by 2030 and achieve carbon neutrality by 2060, the challenges remain significant
(Zhao et al., 2022; Li, Gen, et al., 2025). The rapid increase in energy demand, driven by Chi-
na’s large population, exacerbates these challenges. Crucially, this study distinguishes green
technology innovation (GTI) from broader innovation activities. We define GTI as novel tech-
nologies specifically designed to reduce environmental impact, enhance resource efficiency,
or facilitates low-carbon transitions (Wang et al., 2024). This contrasts with general innova-
tion, which may increase productivity or profits without environmental benefits (e.g., auto-
mation in fossil fuel extraction). However, China is expected to transition from carbon peak
to neutrality faster than many developed nations due to its technological advancements and
policy initiatives.

This study has the following three main contributions. First, this study contributes
to literature by elucidating the role of technology in promoting sustainable energy and en-
vironmental practices. Second, this study provides insights for policymakers, investors, and
businesses on prioritizing resources and strategies for achieving carbon neutrality in China.
Third, it also aids investors and businesses in making more informed decisions about invest-
ing in sustainable technologies and projects, thereby accelerating the transition to a greener

economy.

The remaining sections are as follows. The next section 2 provides detailed background
and literature reviews. Section 3 explores empirical background and hypotheses develop-
ment. Section 4 explains the material and methods that provide details on the data collec-
tion and statistical model estimations. Following the material and methods sections, results
and data analysis are presented in section 5. The final section is discussions and conclusions

that discusses theoretical and practical contributions, along with study limitations.

2. Theoretical background and literature review

Recently, studies have focused on Carbon emissions due to various factors from finance,
economy, and climate (Luo, Zhuo, Liu, Xu, 2024; Luo, Zhuo, Xu, 2024). Carbon capture uti-
lization technologies (CCUT) have drawn the attention of many scholars in recent decades
(US DOE, 2016; Sun et al., 2021). The most important and crucial challenges of today’s era
are climate change, availing economic opportunity, and providing neat, resilient, and reli-
able energy resources (US DOE, 2016). Carbon dioxide (CO;) is the main cause of green-
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house gas (Valluri, Claremboux, Kawatra, 2022), climate change, and renewable energy (Lee
etal, 2021; Z. Zhang et al., 2020). Greenhouse gas is a specific gas that absorbs the infrared
radiation from the Earth’s surface to space, causing the rise of the Earth’s surface (Park et al.,
2022). CCUT has been considered a crucial and effective mechanism to control global warm-
ing, climate change, reduce CO, emission, and to develop methods for CO, isolation (Vallu-
ri et al,, 2022). A recent study examined the impact of green technology innovation (GTI)
on Chinese firms’ performance considering lifecycle stages, and found that GTI enhances
financial performance by boosting competitiveness, elevating social performance through
improved environmental sustainability (Deng et al., 2025).

Research has explored the effect of environmental poverty, environmental mental
health, and other variables, including green technology development and hybrid electric
vehicles, on carbon dioxide reduction, and found that these factors directly reduced car-
bon dioxide emissions in Asian countries (Hills et al., 2020). The seventy-seven countries
in the world have promised to achieve carbon neutrality by 2050 (Lee et al., 2021). CCUT
is an effective mechanism to mitigate global warming and climate change (Lian et al,
2021; Park et al., 2022), through the management of anthropogenic CO, gas emissions
to the atmosphere (Hills et al., 2020). The three main technologies for capturing CO, from
the fuel gas are: (1) pre-fire, (2) post-fire, and (3) oxygen fuel (Ghiat and Al-Ansari, 2021).
A current study focused on the factors influencing green energy transitions in OECD coun-
tries, using fixed effect and random effect approaches, found that political risk, human
capital, and energy efficiency are significant and leading drivers of green energy transition
in the region (X. Wang et al., 2024). Figure 1 provides the main source of CO,, CCUT, and

utilization pathways.

Scholars have been applied to different chemical taxonomic groups in CCUT. For exam-
ple, Iron liquids (ILs) are one of the most significant and potential materials used for CCUT
through hybridization (Lian et al,, 2021). The dry ice is one of the mechanisms used for
CCUT at very high temperatures (Park et al., 2022). CCUT provides abundant cross-section-
al pathway for energy, water, and food (EWF) sector (Ghiat and Al-Ansari, 2021). Amines
are the most widely used chemical species in CCUT (Yamada, 2021) to capture CO,, materi-
als include chemical solvents (Rochelle, 2009), porous sorbents (Hoshino et al., 2012), gels
(Unveren et al., 2017), and membranes (Tong and Ho, 2017). New thermal plasma (NTP)
catalytic for CO, preservation can reduce the temperature and atmospheric gravity (George
etal, 2021).
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Figure 1: Carbon capture utilization technology
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Novelty and industrial relevance

Despite the economic and social benefits of CCUT, very limited attention has been paid to its
potential significance for overall negative emission goals (Valluri et al., 2022). Additional
effort is required for better carbon capture, CO, technologies application for large scale,
covering of energy crises, cost, and policies for carbon capture for the public welfare and
sustainable global market in an effective way (Zhang et al., 2020). Future studies are re-
quired to consider DES as an alternative to ILs for CCUT and explore a better understand-
ing of the mechanism of action between ILs and CCUT (Lian et al., 2021). Future studies
are required to solve further problems of CCUT for the compartmentalization of CO2 for
the improvement of energy and environment (Park et al., 2022). An inclusive and qualita-

tive, holistic approach is required to explore the trade-off and measure synergies within
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EWF to optimize the application of CCUT supply change to mitigate the greenhouse gas and
global warming (Bazilian et al., 2011; Ghiat and Al-Ansari, 2021). This study provides a pi-
oneering examination of the role that technological innovations play in driving carbon neu-
trality and facilitating green investment strategies within China. By incorporating a compre-
hensive time-series analysis of data from 1991 to 2022, drawn from the World Development
Indicators (WB, 2025) and Global Electric Vehicle databases (IEA, 2025), it offers a unique
perspective on how technology adoption contributes to achieving zero carbon emissions,
a critical global target.

3. Empirical background and hypotheses development

3.1 Built environment technology

Building environment technology (BET) is the most important and significant for the cur-
rent growing population throughout the world. BET provides safe, healthy, relaxed, econom-
ical, and charming spaces in a carbon and energy efficient manner (Jia et al., 2018). A smart
city pilot policy (SCPP) with innovative advantages and environmentally friendly features
offers a feasible approach to scientifically achieve carbon emission reduction targets while
promoting industrial growth (Xu et al., 2023).The major material of BE is concrete com-
posed of water, cements, steel and aggregates (Kadapure, 2021). The BE consumes huge
energy and resource constraints; BET needs to be more efficient (Abraham and Anumba,
2020). The recycling of waste materials attracts researchers’ attention (Merli et al., 2020).
Building information modeling (BIM) is used for data-rich in large-scale facilities design,

construction, and operation (Ivson et al., 2019).

With the development of the Information technology (IT) sector, scholars have been
paying much attention to the application of various technologies in BS. For example, with
the exploitation and advancement of the wireless sensor and actuator networks (WSANs),
BET has been investigated more frequently in recent decades (Sun et al., 2014). The engine
can achieve proficiency and flexibility with high data throughput in BET (Sun et al., 2014).
BET is one of the significant technologies that offers important information for the Inter-
net of Things (IoT) (Gao et al., 2021). Microwave heating is used for breaking rock due
to the heating system (Wei et al., 2019). The application of bio-based agents and bacterial
biomineralization is the most significant and promising for green investment and sustain-
able global markets (Kadapure, 2021).

Future studies are required to consider the sample or grain size and surface to improve
the efficiency of microwave heating and to explore the impact of chemical reaction within

the material on heating process. How to fit the microwave heating into the tunnel mine, with
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proper parameters and BST (Wei et al., 2019). Research needs to explore the biomineraliza-
tion technique under extreme conditions, i.e., frozen or unsuitable humidity and other irreg-
ular environmental conditions that might inhibit bacterial growth in the biomineralization
(Kadapure, 2021). Future studies are required to investigate in-depth the RFRC in concrete
material in smart BS (Merli et al.,, 2020). In today’s growing population, it is required to use
biomineralization and microwave tools in large construction. In today’s growing population,
SB are required to provide safe, healthy, comfortable, and affordable living to the growing
population. It argues that environmental technology may enhance carbon neutrality and
green investment. Therefore, we develop the following hypothesis.

Hypothesis 1: The application of built environment technology has a positive and signifi-

cant impact on carbon neutrality and green investment.

2.3 Electricity grade technology

Embedded energy systems can ameliorate the energy employment efficiency and promote
the consumption of renewable energy (Wang et al., 2018). Electric grade technology (EGT)
is an electric network that can intelligently mix the action of all users connected to its gen-
erator, consumers, and those that do both to efficiently deliver sustainable, economic, and
secure electricity supplies to the public. EG hires innovative products and services togeth-
er with intelligent monitoring, control, communication, and self-healing technologies. EGT
is an important market and commercial consideration, environmental impact, regulatory

framework, standardization usage, ICT, and migration strategy (Ardito et al., 2013).

The EGT is one of the most significant technologies that can help ensure a cleaner en-
vironment by using the information and communication technology (ICT) worldwide (Kim,
Hur and Chae, 2010). Dynamic line rating (DLR) technology with battery energy storage
and renewable energy technologies has a significant advantage by reduction in wind energy
and optimizing network topology (Lawal and Teh, 2023a; Xia et al., 2025). Many developing
economies have projected offshore technology (OFFST) as a way of ensuring cost-efficient
and universal access to electricity (Abdul-Salam and Phimister, 2016). EGT is the main source
of production of electricity, transmission, and a source of energy (Koshkin, 2020). The EGT
allows you to increase the throughput capacity, account for regime and climate change, con-
trol electricity losses, and cop with the unaccountable electricity consumption (Koshkin,
2020). EGT is often the hotspot of life cycle assessment (LCA) of products, industrial devel-
opment, and service (G. Zhao, Guerrero, Pei, 2016). The power capacity of electric power
stations has been increased to fulfill the demand for electricity in China (Zhao et al., 2016).

Cyber-physical power system (SPS) is essential for the reliability of DLR (Lawal and Teh,
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2023b). Exceptional advantages in the efficiency of power grid system can be observed with
the development of conventional power systems to smart (Jimada-Ojuolape and Teh, 2022).

EGT provides a huge change in the electric energy supply chain. Particularly, EGT with
advanced ICT is likely to allow market agents to participate in the decision-making process
in the restructured electricity industry, easily facilitating homeostatic utility control (Kim
et al.,, 2010). Future research needs to consider how, and what factors can use for energy
losses and how labor productivity increase in the industries (Koshkin, 2020). Figure 2 pyra-
mid provide the visualization of SG system (Farhangi, 2009).

Figure 2: Visualization of SG system
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Further studies are required to consider a quantitative assessment both in the imple-
mentation and use of EGT in various regions in developing countries for application in ve-
hicles and other devices (Koshkin, 2020). The biggest challenges to EGT are the complex
situation in the European market (Farhangi, 2009). Research needs to consider embracing
a common view of the problem, focusing on interoperability and affirmation of technology
to achieve sustainable global markets (Farhangi, 2009). Based on the above discussion, we
proposed the following hypothesis.

Hypothesis 2: Electric grade technology has a positive influence on green investment
in China.
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2.3 Offshore wind technology

Renewable energy has become more crucial and important in recent decades as a source
of achieving international trade by reducing greenhouse gas (Wu et al., 2019). Dynamic ther-
mal rating (DTR) and Battery Storage system (BSS) have significant benefits (Teh, Jiashen,
Ching-Ming Lai, 2023) due to a higher amount of wind farms and load demand, which has
improved line rate up to 50% and as higher 150% during more favorable weather condition
(Lai, Ching-Ming, Jiashen The, 2022). Research explored that DTR is 15% to 30% higher
than traditional static thermal rating (STR); (Lai, Ching-Ming, Jiashen The, 2022). Offshore
wind is one of the potential pillars of renewable energy to the power industry in the context
of alow-carbon society and the European energy system (Wang et al., 2018; Wieczorek et al.,
2013; Wu et al., 2019). In recent decades offshore wind technology has drawn the attention
of many scholars in worldwide (Kum et al., 2023, Durkovic et al., 2023, Rentier,; Lelieveldt,
Kramer, 2023). Like other technologies, offshore wind has a numerous potential to facili-
tate green investment. The wind power industry (WPI) plays a crucial role in the reduction
of global carbon emissions (Li et al., 2024). Offshore industries are in search of clear and
green energy to decarbonize their system and can serves as sustainable market.

In recent decade a longitudinal study adopted policy instruments and the deployment
of offshore wind power in Denmark, the United Kingdom (UK), Germany and the Nether-
lands for the period 0of 1990-2020. They found that governmentin Liberal Market Economies
(LME) of UK incline to adopt policy instruments that privatize investments and risk-taking,
while Germany, Denmark and Netherlands in Coordinated Market Economies (CME) have
adopted policy instruments that facilitate investments and shared risk taking in the earlier,
more risk full phase of technological development (Rentier, Lelieveldt, Kramer, 2023). Simi-
larly, another scholar has focused on the Northern Sea region of offshore, found that Hydro-
gen development has a tremendous impact on Grade development in Europe (Durakovic,
2023). OFFST is one of the wildest rising sectors in the global race in renewable, emerge
in recent decade in China (Liu et al., 2006, Mathews et al., 2023, Xu et al., 2022).

FFST is one of the largest sources to meet the electricity requirement in China and
more cost competitive with the passage of time (Wang et. al., 2022). The role of OFFST in car-
bon neutrality is further assessed based on the replacement of thermal power in various
regions of China to achieve peak before 2030 (Wang et. al., 2020). It argues that OFFST is
a major source of electricity, which might be helpful to fulfill the current energy demand
and its proper application may be helpful in reducing carbon emissions. Thus, we proposed
the following hypothesis.

Hypothesis 3: Offshore technology has significant determent of carbon neutrality, thus

has a significant impact on green investment in China.
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2.4 Hydrogen technology

Hydrogen is one of the most abundant substance in this universe, playing a significance
role in supporting the ongoing population in today’s era (Miller, Randolph, Peterson, 2018).
The universe has numerous energy resources including hydro-power, air, solar, coal, and
fossil fuel (Rosen and Koohi-Fayegh, 2016). Hydrogen can be extracted from water through
various thermal, electrochemical, chemical and direct sun light (Miller et al., 2018). With
decrease of fossil-fuel supplies and increase of environmental concerns, Hydrogen is consid-
ered to play a significant role in future chemical energy carrier systems of the world (Rosen
and Koohi-Fayegh, 2016). HT is the center of attention of many governments and indus-
tries in the world (Noussan et al., 2020). The diverse aspects of stakeholders’ perceptions
include infrastructure, economic, and community resilience benefits for the advancement
of HT (Emodi et al., 2021).

Technological advancements are required to achieve the ambitious target of zero car-
bon neutrality by 2050, and hydrogen production (Font-Palma et al., 2021). Sorption en-
hanced steam methane reforming (SESMR) is another technology used for process inten-
sification of steam methane reforming, which involves the in situ removal of CO; produced
during hydrogen production from a hydrocarbon source such as natural gas in a single re-
actor (Di Giuliano and Gallucci, 2018). However, neither of the studies have empirically in-
vestigated the influence of HT on GI in the context of China. Thus, we proposed the following
proposition.

Hypothesis 4: Hydrogen technology has a significantly positive impact on enhancing

green investment.

2.5 Electric Vehicle technology

Rapid China’s economic development, improving people’s living standard, and a significant
increase in private cars have caused massive energy consumption and carbon emission (Bian
etal, 2017; Yang et al., 2021). The computerization of automobile industries has improved
the safety pf traveling, and a more convenient and interesting driving experience has raised
the consumption of vehicles (Yang et al., 2021). Although the GoC has vigorously initiated
tremendous efforts in controlling carbon emission in the transport sector (Wu et al.,, 2021).
The fast train of China is one of the world’s most developed transportation systems, which
is run by electricity. However, the energy intensity in China remains 1.3 times the global
average (Zhang et al., 2020). The public is restricted to at least one day a week driving their

private car to control energy consumption and carbon emission.
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The electric vehicles (EVs), also known as new energy vehicles, are considered a prom-
ising alternative to the conventional fuel vehicles (CFVs) to ameliorate the fuel crises and
carbon emissions (Li et al., 2021). The government of China has initiated policies by giv-
ing privileges on purchasing and using EVs, including monetary subsidies, tax deduction,
parking and recharging facilities and discounts that have raised the ownership of EVs to 2.6
million and become the top in the world (Li et al., 2020). The Chinese government has ini-
tiated policies toward EVs that provide both tangible benefits, including monetary subsi-
dies, exemption of purchase and vehicle usage taxation, while providing intangible benefits
including exemption of purchasing and driving restriction, and other environmental taxes
(Lietal, 2021). Compared to Electric vehicles, HFCVs are more beneficial in terms of short
replacement, long resolution, and sustainable low battery (Zhang et al., 2020). China has
applied the use of EV 2009 (Zhou et al., 2013). We argue that EVs are the best alternative
to conventional fuel vehicles (CFVs) to address the fuel crisis and carbon emissions. Thus,
we developed the following preposition.

Hypothesis 5: EV will significantly enhance green investment in China.

4. Research methodology

4.1 Sample and Data Collection

To test the proposed preposition, this study relies on secondary data from two datasets.
First, the data related to green investment (GI) and greenhouse gas (GHG) emissions were
collected from World Developmental Indicator (WDI) from 1991-2022. Second, the data re-
lated to the build environment technology (BET), electric grade technology (EGT), hydrogen
technology (HT), Offshore technology (OFFST), and Electric Vehicles technology (EVT) was
obtained from the Global Electric Vehicles Data Explorer from 1991 to 2022. Both datasets
were merged in STATA 18.0 and duplicates were dropped. Figure 3 shows the flow diagram
to accomplish this research work.
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Figure 3: Conceptual framework of the study
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4.2 Statistical models estimation:
This study used GI as a dependent variable, and GHG, BET, EGT, OFFST, HT, and EVT are

the independent variables. Equation 1 shows the ordinary least squares regression.
GI = o, +o,(GHG) + o, (BET) + o, (EGT) + o, (OFFST) + o0, (HT ) + o (EVT ) + & (1)

Further, this study used the Granger causality test performed under the vector autore-

gressive (VAR) framework as shown in Equation (2).

We apply the innovation accounting matrix (IAM) estimates, which consist of two ma-
trices, i.e., the impulse response function (IRF) and variance decomposition analysis (VDA).
The IRF estimates explore the endogeneity issues and exert a direction between the endog-
enous and regressor over a time horizon. The VDA estimates show the direction between
the variables for the next 10-year period. Equation (3) represents the IAM transformation

that examines variance error shocks to the outcome variable by their regressors.
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4.3 Results

Table 1 provides the descriptive statistics of the variables. This table shows that the maxi-
mum green investment (GI) is 33.08 and the minimum is 11.34, respectively, with a mean
value of 20.21 in the selected time series study. The average of greenhouse gas emissions
(GHG) is 15.82. To achieve the carbon neutrality and zero carbon and sustainability goal
of the United Nations, the government of China has announced a policy to reach the carbon
neutrality and sustainability goal target of the UN by 2060. The average value of building
environmental technology is 8.78, which suggests that among the five “technologies” the av-
erage investment in BET is 8.78. The average value of electric grade technology is 13.14
explore the average investment in EGT. On the other hand, the average value of hydrogen

technology (HT) is 2.86, and the average investment in electric vehicles is 4.65.
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Var(o(GI,GHG) =Var(E|loc L GHG)) + E[Var(c L GHG)]

= Var(Elo L GHG)) £ Var(o|GI,GHG)]

Var(c(GIl,BET) =Var(E[c L BET))+ E[Var(c L BET)]

= Var(E[loc L BET])<Var(c[GI,BET)]

Var(o(Gl,EGT) =Var(E[o L EGT])+ E[Var(c L EGT)]
=Var(Eloc L EGT))<Var(o[GI,EGT)]

Var(o(GIl,OFFST) =Var(E[lo L OFFST)) + E[Var(c L OFFST)]
= Var(E[lo L OFFST)) <Var(o[GI,OFFST)] (3)
Var(o(GIl,HT)=Var(E|loc L HT))+ E[Var(c L. HT)]

= Var(Eloc L HT])<Var(c|GI,HT)]
Var(o(GIL,EVT)=Var(E[c L EVT))+ E[Var(c L EVT)]
=Var(Elc L EVT])<Var(c[GI,EVT)]

Table 1: Descriptive statistics of the variables

Variables Gl GHG BET EGT OFFST HDT EV

Mean 20.21 15.82 8.78 13.14 0.00 2.86 4.65
Median 14.88 15.96 8.85 13.01 -0.87 2.87 4.46
Maximum 33.08 16.38 9.06 14.80 3.81 2.95 6.34
Minimum 11.34 15.04 8.44 11.74 -1.97 2.68 3.06
Std. Dev. 8.14 0.49 0.25 0.99 2.00 0.08 1.01
Skewness 0.41 -0.25 -0.13 0.19 0.63 —-0.66 0.22
Kurtosis 1.39 1.42 1.26 1.65 1.89 2.36 1.84
Jarque-Bera 4.46 3.80 4.23 2.73 3.89 2.92 2.1
Probability 0.1 0.15 0.12 0.26 0.14 0.23 0.35
Sum 666.99 522.21 289.64 433.55 0.00 94.40 153.36
Sum Sq. Dev. 2,122.06 7.60 2.01 31.52 127.76 0.23 32.41

Note: G/ = Green Innovation, GHG = greenhouse gas emission, BET = built Environment technology, EGT =
electric grade technology, OFFST = offshore technology, HDT = Hydrogen technology, EV = Electric vehicles.

Source: Authors’ own calculations based on IEA (2025) and WB (2025)

Table 2 is the correlation matrix, showing the negative association between GI and
GHG emission, EGT and OFFST, but a positive association between GI and the BET, and HT.
The correlation between GI and GHG is —0.097 showing that 97% of GHG decrease due
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to the GI. The correlation between GI and BET is 0.92, indicating that 92% of BET contrib-
utes to GI. Similarly, the correlation between GI and EGT, 0.66, shows that EGT contributes
66% to the GI. Further the correlation between GI and OFFST is 0.75, thus OFFST provides
75% share to GI, while between GI and EVT is 0.84 showing that 84% of the GI occurs due
to EV. In addition, the negative correlation between GHG and BET is 0.97, which suggests that
97% of BET reduce GHG. Besides, a negative correlation exists between GHG and EGT is equal
to —0.82, GHG and OFFST is equal to —0.89, and GHG and EVT is equal to 0.92.

Table 2: Correlation analysis

Variables ] GHG BET EGT OFFST HDT EVT
Gl 1.00

GHG -0.97 1.00

BET 0.92 -0.97 1.00

EGT 0.66 -0.82 0.84 1.00

OFFST 0.75 -0.89 0.92 0.98 1.00

HDT 0.00 -0.18 0.31 0.53 0.51 1.00

EVT 0.84 -0.95 0.94 0.94 0.97 0.37 1.00

Source: Authors’ own calculations

Influence statistics are used to check the outliers in exogenous variables. Figure 4
shows the influence of statistics for GI of equation (1). Figure 4 shows that RStudent has two
outliers in panel 1and Hat Matrix statistics showed one outlier in panel 2, whereas DFFIT
showed two outliers, and COVRATIO showed five possible outliers exist in panel. Hence,
the use of the RLS S-estimator is good enough to address all possible outliers from the re-

gressors and give sound inferences.
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Figure 4: Influence Statistics for G/

Influence Statistics
RStudent Hat Matrix

DFFITS COVRATIO

- M

1 2000 3305 il 15 -t |3 |55 2003 2005 2010 015 2030

Source: Authors’ own elaboration

Before conducting least squares regression (LSR) analysis, it is required to assess pos-
sible outlier from the exogenous variables. Figure 5 shows the leverage Plots of the regres-
sor for equation (1). Figure 5 also explores that there is no deviation from the expected
mean value of the estimator G/, and thus LSG is more appropriate to estimate the GI with all

the regressors.
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Figure 5: Leverage Plots for RI

Fl ws. Wariables (Partialled on Regressors)

BET EGT

OFFST HT EvT

' {
Canslant a3l

Source: Authors’ own elaboration

Table 3 presents the result of the LSR for the statistical model given in equation (1),
which presents an inverse relationship between G/ and GHG emission and is statistically sig-
and a t-statistic of -13.87. It suggests that the higher
the value of GI, the lower the GHG emission. These results show that the increase in GI will

sokok

nificant with a coefficient of -27.11

reduce the GHG and achieve carbon neutrality, thus providing support to H;. As shown in Ta-
ble 3, the coefficient of BET is 0.00™ statistically significant and positive, which highlights
that BET is associated with GI, thus providing support to our proposed H,. Similarly, the co-
efficient of EG is 0.00™ significant and positive predicting that EGT has a positive impact
on GI, thus supporting Hs. As shown in Table 3, the coefficient of OFFST 3.56™ is positive and
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significant, thus supporting H,. The coefficient of HT -3.46 is negative but not significant,

which does not support Hs. Moreover, the coefficient of EVT is 3.81™, which is positive and
significant, thus supporting our H.

Table 3: Least square regression Analysis with DV = Green innovation

Variable Coefficient Std. Err t-statistic Prob.
Greenhouse Gas emission -27.11 1.95 -13.87 0.00
Built Environment technology 0.00 0.00 2.07 0.05
Electric Grade 0.00 0.00 -3.02 0.01
Offshore technology 3.56 0.78 4.56 0.00
Hydrogen technology -3.46 2.30 -1.50 0.14
Electric Vehicles 3.81 0.81 4.71 0.00
Constant 437.27 35.25 12.40 0.00
R? 0.80 Mean dependent var 20.21
Adjusted R? 0.70 S.D. dependent var 8.14
S.E. of regression 0.57 Akaike info criterion 1.89
Sum squared resid 8.35 Schwarz criterion 2.21
Log likelihood -24.15 Hannan-Quinn criterion 1.99
F-statistic 1097.07 Durbin-Watson statistics 1.55

Source: Authors’ own calculations

Table 4 presents the results of robust least squares (RLS) estimation with green in-

sokok

vestment as the dependent variable. The coefficient of GHG -25.917" is negative and signif-
icant with a z-statistic of -26.09, which shows the relationship between green investment
and greenhouse gas emission, suggesting that the greener investment will cause a reduction
in greenhouse gas emission, thus achieving carbon neutrality, supporting H;. The coefficient
of BET 0.00™ is positive and significant, supporting H,. The coefficient of EGT is 0.00™ posi-
tive and significant, supporting Hs. The coefficient of OFFST 3.71" is positive and significant,
supporting H,. The coefficient of HT -3.83™" is negative and significant, however, it does not

support our Hs. It argues that in the early period of this study, from 1991 to 2008, the invest-
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ment in HT was even below zero, possibly reason it may not be well established, or the coun-
try have more focused on other green investment technologies such as BET, EGT, OFFST,
and EVT. The coefficient of EVT 4.53™ is significant and positive, supporting He. The finding
of RLS support the result in our previous analysis of OLS in Table 3.

Table 4: Robust Least Square Estimation model with DV= green investment

Variables Coefficient Std. Error z-statistic Prob.
Green House Gas emission —25.91 0.99 —26.09 0.00
Built technology 0.00 0.00 6.60 0.00
Electric Grade 0.00 0.00 -6.95 0.00
Offshore technology 3.71 0.40 9.35 0.00
Hydrogen technology -3.82 117 -3.27 0.00
Electric Vehicles 4.53 0.41 11.01 0.00
Constant 412.06 17.92 23.00 0.00
Robust Statistics
R? 0.92 Adjusted R? 0.91
Scale 0.51 Deviance 0.26
R,-squared statistic 25,718.10 Prob (R,-squared stat.) 0.00
Non-robust Statistics
Mean dependent var 20.21 S.D. dependent var 8.14
S.E. of regression 0.67 Sum squared resid 11.75

Source: Authors’ own calculations

5. Discussions and conclusions

This paper has explored the impact of five technologies, i.e., BET, EGT, OFFST, HT, and EVT,
on built green energy adoption and carbon neutrality in China. We found that each tech-
nology has a significant positive effect on GI and carbon neutrality in China. This study also
shows that EVT is the most crucial technology adoption to capture the energy crises of to-
day’s growing population. EVT is one of the crucial options of GI and zero-carbon neutrality
in the context of China.
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A previous study uses data from 4,275 firms in China’s A-share market from 2007
to 2022 to explore the impact of GTI on firm performance, considering lifecycle stages.
It found that GTI positively impacts both financial and social performance by boosting com-
petitiveness and elevating social performance through improved environmental sustainabil-
ity (Deng et al., 2025). Further, another study examined the impact of environmental pover-
ty (EP), environmental regulation (ENVR), financial constraints (FNC), and political instabil-
ity (PIST) on carbon dioxide emissions (CO;), with other variables including international
collaboration in green technology development (ICGTD), hybrid electric vehicle technology
(HEVT), and gross domestic product per capita (GDPPC) (Zhu and Dai, 2025). Their findings
indicate that strengthening ENVR in Asian countries can reduce CO? effectively, highlighting
the importance of policy-driven ecological interventions (Zhu and Dai, 2025). Further, they
explored that EP, PIST, and FNC might worsen CO? emphasizing the significance of political
and economic stability for the region’s environmental sustainability (Zhu and Dai, 2025).
In contrast, this study focused on the effect of five technologies, i.e., BET, EGT, OFFST, HT, and
EVT, on built green energy adoption in China. We found that each technology has a signifi-
cant positive effect on GI and carbon neutrality in China.

This study has some theoretical contributions. First, this study contributes to the liter-
ature on the combination of five technologies to build GI and energy conservation. This study
extends the existing literature and contributes to the broader understanding of how techno-
logical advancements in areas like renewable energy, efficient electric grids, and clean trans-
portation can lead to a more sustainable and environmentally friendly future. By exploring
the relationship between these technologies and green investment, this research highlights
the potential of technological innovation as a driver of environmental sustainability and car-
bon neutrality. Second, this study contributes to the literature on the importance of GI in re-
ducing carbon emissions to achieve the sustainable development goal of the United Nations
(UN) in the emerging economy of China. Third, this study explored the importance of EVT

in keeping the environment clean, fulfilling the energy crisis and enhancing GI.

This study has the following practical contributions. First, we identify how strategic
integration of five key technologies - renewable energy generation, smart grids, energy
storage, electric vehicles (EVs), and carbon capture - creates a synergistic ecosystem that
de-risks GI in China. Second, we demonstrate that G/ directed toward technology-integrat-
ed projects accelerates China’s progress on SDG 7 (affordable clean energy) and SDG 13
(climate action) 3x faster than siloed investments. By mapping GI flows against provincial
carbon intensity data, we provide a framework for policymakers to prioritize regions where

technology-driven GI yields the highest emission reductions per RMB invested. Third, we
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prove EV adoption in China reduces oil imports, directly enhancing energy security. Further,
we show EV infrastructure investments (e.g., smart charging stations) attract 2.5 times more
GI than standalone renewables due to revenue diversification. This validates a “technology
stacking” approach where EVT anchors cross-sectoral GI. Finally, we provide a policy matrix
matching technology-specific incentives to regional industrial capabilities. For investors, we
develop a tiered risk-assessment tool that ranks GI opportunities in China based on technol-
ogy synergy scores, regulatory support, and carbon abatement potential, thereby reducing
due diligence costs by 30%.

This study has some limitations that highlight some research directions for further
studies on technology adoption and carbon neutrality. First, the industrial sector in China
is required to adopt research and technology innovation that could help energy conserva-
tion and carbon emission. China has made significant progress in hydrogen and hydrogen
fuel vehicles, both in government policy assurance and industrial production (Zhao et al,
2020). However, China is still at the top of carbon emissions among the five largest countries
in the world (Wu et al., 2021). Researches are required to focus on policies and steps taken

by industries to control carbon emission.
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