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Abstract. This paper studies the influence mechanism of clean energy technol-
ogy innovation on carbon intensity. It uses local and spillover path to investigate
China's clean energy technology innovation and carbon emission intensity. It in-
dicates three influencing paths: direct spillover path, spatial spillover path and
indirect network spillover path. This study provides theoretical basis for promot-
ing carbon reduction by regional clean energy development.
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1 Introduction

Since the 20th century, the development of China's industry and manufacturing has led
to a sustained increase in energy consumption. Among them, energy consumption is
mainly based on the consumption of traditional fossils. This structure has led to an in-
crease in pollutants and carbon emissions, putting pressure on the climate and ecologi-
cal environment. Increasing the consumption of clean energy has become a solution.
Innovation in clean energy technology contributes to the development of clean energy
and is a key factor in reducing carbon emissions and achieving carbon neutrality. The
development of technology in China is conducive to achieving energy-saving and emis-
sion reduction strategies.

In practical applications, clean energy has significant implications for carbon reduc-
tion. Scholars have also extensively studied the impact of innovation investment in re-
search and development on carbon emissions; there is still room for further research in
exploring paths of clean energy innovation affect carbon intensity. This study investi-
gates the impact mechanism of clean energy innovation on carbon intensity from both
local and spatial perspectives.

This article is arranged as follows: Section 2 gives a literature review; Section 3
analyzes the impact mechanism of clean energy innovation on carbon intensity, and
Section 4 presents conclusions.
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2 Literature

Research on the technological innovation and carbon emissions has increasingly con-
centrated on the effects of R&D investment and patent authorizations. Shahbaz et al.
(2020) [1] found that investments in the energy sector, both public and private, have
led to a rise in carbon emissions. Conversely, Luan et al. (2019) [2]demonstrated that
R&D activities could help diminish carbon emission levels.

Additionally, an uptick in patent applications, authorizations, and trademarks has
been associated with a reduction in carbon emissions [3-5]. Khattak et al. (2020) [6]
highlighted energy consumption as a critical channel through which technological in-
novation can mitigate carbon emissions, while Salman et al. (2019) [7] showed that
technological innovation reduces carbon emissions by enhancing energy efficiency.
Furthermore, the literature has examined the effect of R&D spillover from innovation
inputs on carbon emissions[8-10].

Scholars have paid attention to the enhancement of energy technology and the de-
velopment of new energy technologies. Innovations in energy technology help increase
the supply of renewable energy sources, such as solar, biomass, ocean, and wind energy,
and reduce the reliance of economic development on petrochemical energy.

In summary, although existing literature has extensively studied the impact of inno-
vation on carbon emissions, there is still room for further research in understanding
how the characteristics of clean energy innovation networks affect carbon intensity. To
address this gap, this study investigates the impact mechanism of clean energy innova-
tion on carbon intensity from local, spatial and indirect perspectives.

3 The Impact Mechanism of Clean Energy Technology
Innovation on Carbon Emission Intensity

3.1 The Impact Mechanism of Direct Spillover of Clean Energy
Technology Innovation on Carbon Emission Intensity

This sector explains the mechanism by which clean technology innovation affects car-
bon emission intensity through the lens of biased technological progress theory . Car-
bon intensity is defined as the ratio of total carbon emissions to total economic output.
The model of endogenous technological progress biased economic growth posits that
clean technology innovation bolsters the output of the clean production sector, thereby
augmenting the overall economic output without a corresponding increase in carbon
emissions.

Under the ceteris paribus assumption, clean technology innovation consequently re-
sults in a reduction of carbon emission intensity. Clean energy technology mitigates
carbon emissions by supplanting polluting technologies, such as vehicles powered by
electricity instead of fossil fuels, and advancements in car engine technology that en-
hance the fuel efficiency of internal combustion engines.

Moreover, other clean energy technologies, such as gray technology, enhance the
energy efficiency per unit of product, thereby diminishing energy consumption. R&D
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in clean technology can also enhance a firm’s market competitiveness and boost its
output.

The mechanism by which clean energy technology innovation influences carbon
emissions is multifaceted. Clean energy technology innovation affects total energy con-
sumption by reducing the cost of energy products and increasing demand through sub-
sidies and other measures. Clean energy technology innovation drives the growth of the
new energy industry, leading to economic expansion and a consequent increase in en-
ergy-related carbon emissions.

The direct impact mechanism is shown in Figure 1.

Local technology factors

|

Carbon emission intensity of
region i

Clean technology
innovation

Tends to decrease
emission intensity

The technical effect

Fig. 1. Direct impact mechanism of clean energy technology innovation on carbon intensity

Additionally, such innovation enhances energy efficiency by updating production
tools, facilitating the use of machinery, and advancing intelligent energy production and
use.

Clean energy technology innovation also improves the energy consumption structure,
because technological advancements foster the green development and clean use of tra-
ditional fossil fuels, such as coal.

Moreover, innovation provides the technical backbone for discovering and exploit-
ing new energy sources, such as biomass energy, geothermal energy, Hydrogen energy,
solar energy and ocean energy, thereby increasing the share of non-fossil fuels and pro-
moting a diversified energy supply.

The main types of clean energy technology innovation outputs are patents, as shown
in Table 1.

Table 1. Clean energy technology innovation output type

Num. Type Num. Type
1 Wind energy patents 5 Storage patents
Hyd -
2 Solar energy patents 6 YCrogen cuergy pa
tents
3 Marine energy patents 7 Nuclear energy patents

4 Biomass energy patents -- --
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3.2 The Spatial Impact Mechanism of Clean Energy Technology
Innovation and Carbon Emission Intensity

Innovation networks between regions are established through various channels, such as
talent mobility, trade in goods, industrial collaboration, and technological exchange.
Previous research has indicated that regional innovation spillover can enhance the ad-
vancement of clean energy technologies, increase production efficiency, and reduce
energy consumption and emissions.

The spatial impact mechanism is shown in Figure 2.

| Spatial factors |

Carbon emission intensity of
region i

Factors of region j

Affect local emission
intensity

The spatial effect

Fig. 2. Spatial impact mechanism of clean energy technology innovation on carbon intensity

Considering spatial effects, the spillover of energy technology innovation and the
spatial correlation resulting from spatial externalities significantly affect economic
growth, carbon emissions, and environmental pollution.

The impact is reflected in two aspects. Firstly, local clean energy technology inno-
vation has promoted local output growth and boosted GDP. Secondly, from the perspec-
tive of spatial correlation, clean energy technology innovation spreads to neighboring
regions through spatial spillover and diffusion pathways, promoting the exchange of
clean energy technology and related knowledge, and enhancing local clean energy in-
novation capabilities.

3.3  The Impact Mechanism of Indirect Network Spillover of Clean
Technology Innovation on Carbon Emission Intensity

Current research focuses primarily on the innovation spillover that a local area gains
from other regions, often overlooking the effects of network connections between those
regions on the local area itself. this study conceptualizes the innovation linkages be-
tween regions as a spillover network, comprising nodes and numerous links. The net-
work centrality serves a dual purpose: it evaluates the prominence of various regions
within the network, and it quantifies the indirect technological spillover.

The network impact mechanism is shown in Figure 3.
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Fig. 3. Network impact mechanism of clean energy technology innovation on carbon intensity

The overall impact mechanism is shown in Figure 4.

| Technology factors | I Openness factors I I Spatial factors I
—>| Carbon emission intensity ofregion i |<—
[ |
Cleglﬁlge‘?alﬁgioy Innovation network Factors of region j
[ | |
Tends to decrease Tends to decrease Affect local emission
emission intensity emission intensity intensity
| The technical effect | | The structure effect | | The spatial effect |

Fig. 4. Impact mechanism of clean energy technology innovation on carbon intensity

4 Conclusion

This paper analyzes the mechanism of the impact of clean energy technology innova-
tion on carbon emission intensity.

Firstly, under the direct path, the development of local clean energy technology level
can help reduce the consumption of petrochemical energy and economic growth, ulti-
mately achieving carbon intensity emissions.

Secondly, under the spatial path, technology innovation and the spatial correlations
caused by spatial externalities affect economic growth, carbon emissions, and environ-
mental pollution.



644 X. Hong

Thirdly, under the indirect pathway, clean technology innovation forms a network.
The structural characteristics of the network will also have an impact on carbon inten-
sity through the connections and communication between network nodes.
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