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In the context of the global push towards a green economy, this research
investigates the impact of green trade barriers on the export trade volume of
Chinese photovoltaic products to ASEAN from 2010 to 2021. The strong evidence
indicates that green trade barriers have a positive effect on improving the export
trade volume of Chinese photovoltaic products to ASEAN. This conclusion
remains robust through multiple robustness tests, including excluding data
from pandemic-affected years and the only developed country Singapore.
Moreover, the impact of green trade barriers varies with exchange rate levels
and language environments. In countries with higher exchange rates and
countries with different official languages, the positive effect of green trade
barriers on trade ismore significant. In contrast, in countries with the same official
language, green trade barriers have a negative effect on improving the trade
volume. Additionally, higher levels of renewable energy consumption diminish
the beneficial effect of TBT on photovoltaic trade, and CO2 emissions lessen the
detrimental effect of TBT on photovoltaic trade. The findings provide valuable
insights for policymakers, suggesting that align with international standards,
provide differentiated technical assistance and adopt transparent trade rules
when formulating green trade barriers to better support the competitiveness
and export growth of Chinese photovoltaic products in the international market.
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1 Introduction

With the increasing awareness of environmental protection and sustainable
development globally, green barriers to trade (GBT), which emerged in the late 1980s
and gained prominence in the 1990s (Li et al., 2020), have replaced traditional tariff barriers,
which become important non-tariff barriers worldwide. Many scholars have explored its
connotation and impact from various perspectives. Roberts (1998) proposed that green
trade barriers are essentially technical trade barriers. Although they arise from the need to
satisfy developed countries’ demands for environmental protection, product differentiation,
and product information, if these barriers are used unreasonably, they can become tools for
protecting domestic products and markets (Maskus and Wilson, 2001). As time went by,
environmental barriers, also known as “green barriers,” were used to implement trade
protection and discrimination by establishing high-standard domestic environmental
regulations (Deng and Huang, 2018). Therefore, GTB refers to trade-restrictive
measures that are taken to promote the environment and achieve sustainable
development, aiming at ensuring imported goods comply with environmental
standards, laws and regulations (Zhao, 2007). Biermann et al. (2009) highlight that
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governments worldwide are increasingly adopting green trade
barriers as a strategy to internalize environmental costs and
foster sustainable development.

In tackling challenges like climate change, environmental
protection, and energy shortages, renewable energy sources are
receiving increasing attention (Owusu and Asumadu-Sarkodie,
2016). Electric vehicles, lithium batteries, and photovoltaic
products, known as the “new three drivers” of China’s foreign
trade. As a crucial means of generating clean energy,
photovoltaic products hold considerable development potential
(Zhu et al., 2021), have even been identified by the National
Development and Reform Commission’s Energy Research
Institute as a crucial tool for stabilizing China’s foreign trade and
boosting the economy. China is experiencing rapid growth in
photovoltaic (PV) technology, leading the world in both installed
capacity and the shipping volume of exporting PV modules (Yao
and Cai, 2019). Data from the General Administration of Customs
showed that in the past decade, China’s total exports of photovoltaic
products such as silicon wafers, photovoltaic cells and photovoltaic
modules ranked first in the world, climbing from US $233 billion in
2012 to US $51.25 billion in 2002, breaking through US $50 billion
for the first time, hitting a record high. Year-on-year growth reached
80.3 per cent. In the first half of 2023, China’s total exports of
photovoltaic products are about 29.2 billion US dollars, an increase
of 11.7% over the same period last year, of which silicon wafers,
photovoltaic cells, photovoltaic modules accounted for 10.2%, 8.6%
and 81.1%, respectively1. These achievements can be attributed to
the integrity of the supply chain. In the upstream segment of China’s
photovoltaic industry, China benefits from abundant silicon
resources and advanced purification technology as the world’s
largest polysilicon producer (Rehman et al., 2021). The scale of
production and technological advancements have significantly
reduced polysilicon production costs, giving Chinese PV products
a cost advantage. In the midstream segment of China’s photovoltaic
industry, significant advancements have been made in the
manufacturing of PV cells and modules, particularly in
monocrystalline silicon cells and high-efficiency cell technologies.
Leading Chinese PV module manufacturers such as Longi Green
Energy, Trina Solar, and JA Solar hold prominent positions in the
international market, with their products widely exported across the
globe. And the downstream section is the major activities including
Installation and after-sales service (Jackson et al., 2021). Besides,
China’s port is huge and equipped with lots of robots, facilitating a
strong carrying capacity on the sea (Wu and Yang, 2018), which
provide efficient transport services for export products (Song and
Mi, 2016).

Recently, facing several urgent factors related to energy
transition and environmental concerns, Southeast Asia’s demand
for renewable energy has significantly increased (Erdiwansyah et al.,
2019a). Among these, one of the primary reasons for the surge in PV
demand is the severe pollution caused by fossil fuel consumption
(Chen and Mauzerall, 2021). Southeast Asian countries such as
Indonesia, Vietnam, and the Philippines have been rapidly
expanding their coal power capacities, making the region one of
the fastest-growing areas for coal-fired power generation, second
only to China and India. However, this dependence on coal is
increasingly becoming problematic. For instance, according to Chen
and Mauzerall (2021), the combined output from planned fossil fuel

plants, along with renewable energy targets and current capacity, is
expected to exceed future electricity demand. This indicates that
many of these fossil fuel plants may become stranded assets (Ansari
and Holz, 2020), unused and unprofitable, while also limiting the
deployment of renewable energy. In addition, Southeast Asia’s
reliance on fossil fuels conflicts with the goals set forth by
international agreements, such as the Paris Agreement and the
Copenhagen Accord. Clark et al. (2020) notes that the current
trajectory of coal power expansion in Southeast Asia will severely
hinder the region’s ability to meet its climate commitments. As a
result, the region faces growing pressure to transition to cleaner
energy sources, creating a strong demand for renewable technologies
like PV systems.

While Southeast Asia’s demand for photovoltaic (PV) products
is rapidly increasing, the region faces significant barriers to
developing its own large-scale PV manufacturing industry. These
challenges make it more reliant on imports from countries like
China to meet its renewable energy needs (Erdiwansyah et al.,
2019b). The reasons for this reliance can be understood through
several key factors. First is the lack of raw materials and advanced
manufacturing capabilities. The production of PV products,
especially solar cells and modules, requires highly specialized
technology and expertise. China has spent decades developing a
comprehensive and vertically integrated PV supply chain, from the
production of raw materials like polysilicon to the manufacturing of
high-efficiency solar modules. Southeast Asian countries, by
contrast, do not possess the same level of advanced
manufacturing infrastructure or technological know-how to
compete with established global players like China (Yeung, 2013),
like technology for large-scale purification and, which are unable to
produce PV products at the same scale and quality. For instance, the
Philippines has similarly set ambitious renewable energy targets as
part of its efforts to transition away from fossil fuels (Aleluia et al.,
2022). However, the country lacks a robust PV manufacturing
industry. While the Philippines has a few solar panel assembly
plants, such as First Philec and SunPower, these operations are
primarily focused on assembly rather than full-scale production, and
many of the critical components they use are imported from
countries like China. For example, SunPower, which has a facility
in the Philippines, imports silicon wafers and solar cells from China,
as the Philippines does not produce these components domestically.
To meet the country’s growing demand for solar energy, the
government has relied on importing solar panels and
components. In 2020, the Philippines imported around 85% of
its solar panels from China, reinforcing its reliance on external
sources to achieve its energy transition targets. In addition,
Southeast Asian countries have prioritized the deployment of
renewable energy infrastructure, including solar power, over
developing a local manufacturing industry for PV products.
Governments in the region are more focused on meeting their
energy transition goals, such as those outlined in the Paris
Agreement, rather than building manufacturing capacity. As a
result, these countries rely on imports to quickly scale up their
renewable energy capacity, leveraging China’s established supply
chain and competitive pricing to meet their energy needs. Vietnam
has made significant strides in installing renewable energy capacity
(Riva Sanseverino et al., 2020), particularly in solar energy, which
expand the need for PV products. By the end of 2020, Vietnam had
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installed over 16 GW of solar capacity, making it one of the top solar
energy producers in Southeast Asia. However, the country’s focus
has been on deploying solar farms and rooftop solar systems rather
than establishing a local manufacturing industry for PV products.
While Vietnam does have some solar panel manufacturers, they
largely produce for export and rely on importing critical
components. As a result, it is challenging for them to achieve
self-sufficiency in production, making them heavily reliant on
imports. Importing photovoltaic modules from China, with its
highly developed supply chain, is a more practical and cost-
effective solution.

However, even though ASEAN countries have a high demand
for importing PV products, they are continually raising various
market access standards, posing obstacles to the export of Chinese
photovoltaic products to Southeast Asia. For instance, Malaysia
requires imported photovoltaic products to be certified by the
Energy Commission of Malaysia (Chua and Oh, 2010). Similarly,
the Thai government enforces stringent quality and certification
standards for imported photovoltaic modules. These green trade
barriers increase the difficulty for Chinese enterprises to enter the
Southeast Asian market. The additional testing and certification
costs not only raise expenses but also extend the market entry time.

Based on this context, this paper aims to explore the impact of
green trade barriers on the trade value of photovoltaic (PV) products
in China-ASEAN, and to provide a comprehensive analysis of this
important but under-researched topic, and attempt to answer the
following questions:

How do green trade barriers affect the trade volume of Chinese
photovoltaic products exported to ASEAN countries? What is the
influence mechanism between the two? Is there any
heterogeneous influence?

By exploring these issues, this paper hopes to provide valuable
insights for policymakers and industry practitioners to help them
better address the challenges posed by green trade barriers, promote
the sustainable and healthy development of China’s photovoltaic
(PV) industry, and facilitate cooperation between China and
Southeast Asian countries in the field of clean energy.

The remainder of the paper is organized as follows. Section 2
provides a review of the literature and hypothesis; while Section 3
presents the data and develops the methodological approach.
Section 4 presents the empirical findings. Section 5 concludes the
study and provides policy recommendations.

2 Literature review and hypotheses

2.1 Literature review

By reviewing a series of literature, several main methods for
quantifying green trade barriers are revealed, including tariff
equivalency approaches, the number of TBT (Technical Barriers
to Trade) and SPS (Sanitary and Phytosanitary) notifications,
frequency index and coverage ratio. Gao and Bao utilized the
number of TBT to measure GBTs, He found that stringent GBTs
in importing countries have a positive effect on exports, with this
effect being more pronounced when the importing country is a
developing nation. Bao and Qiu (2010) discovered that while using
the frequency index to measure TBT, indicating they are trade

restrictive, the negative effects of TBT aren’t significant when
assessed using the coverage ratio. Guoda and Qianjiang, (2007)
employed three dummy variables to measure the implementation of
relevant regulations and assess green barriers. His findings reveal
that pesticide residue policies have a negative impact on trade flows.

The research on the impact of green trade barriers on exports
has primarily been divided into two categories: facilitative effects
and inhibitory effects. Scholars hold the view that GBTs hinder trade
and may cause some negative effects. Su (2021) took China’s Hebei
province as an example to discuss the impact of GBTs on
agricultural exports and found that the implementation of green
trade barriers will lessen the export quantity of farming products and
raise the sell abroad price. Mao and Lu (2024) pointed out that GBTs
constrain the development of trade, thus explore the internal
characteristics of commodities and deciding optimally on
intended export regions. By using panel data in 84 Russian
regions and 204 countries from 2013 to 2020, Sokolova et al.
(2024) suggested environmental agenda presents a significant
challenge for some regional exporters in Russia, primarily due to
the absence of domestic environmental regulations and the
particular characteristics of both the commodity composition and
the geographic distribution of their exports. According to Zhu et al.
(2024), CBAM had an inevitable impact on China’s exports. His
findings revealed that the implementation of EU carbon tariffs not
only decreases the export value of Chinese goods but also results in a
decline in EU exports. However, more and more research think that
the green barrier is beneficial to increase the trade scale. Li and Zhu
(2020) mentioned that green barriers have a positive effect on the
agricultural product export in China. Gao and Bao also utilized
gravity model to examine China’s exports from 1996 to 2019, TBT
(Technical Barriers to Trade) measures not only contribute to the
growth of China’s exports but also significantly enhance the export
of China’s electromechanical products and chemicals. de Melo and
Solleder (2020) suggested that GBTs can increase the export of
green products.

There are some researches focus on the impact of GBTs on PV
products. Fliess and Kim (2008) investigate 136 companies in
10 countries and found that when some small companies will
receive more certification requirements and testing requirements
in exporting process. Zhu et al. (2021) examined the impact of both
internal and external forces on China’s solar PV export during
2007–2016, and found that trade protectionism and some non-tariff
barriers inhibit China’s PV exports. Grossmann stated that strict
environmental regulations will affect the installation volumes in
HVMs considering the trade conflicts in western countries. Hui and
Yuansong (2021) stated that in the PV industry, the forms of green
barriers are diverse and complex. The European Union’s REACH
regulation and RoHS directive impose stringent restrictions on the
use of specific chemicals in photovoltaic modules (Babayigit et al.,
2018), requiring manufacturers to improve materials and
production processes to meet environmental standards. Similarly,
the UL certification in the United States sets high standards for the
safety performance of photovoltaic products (McNutt et al., 2018),
compelling manufacturers to undergo additional testing and
certification processes to ensure compliance with market
requirements. Tang et al. (2024) employed the LCA method to
assess the carbon footprints of China’s photovoltaic (PV) panels
across different decarbonization scenarios and found that green
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trade barriers, especially from developed nations such as the EU,
affecting the transition towards sustainability and low carbon
emissions and pose significant challenges for China’s renewable
energy sector.

At present, most studies prefer to use trade gravity models to
achieve a quantitative analysis of the impact of exports. Among
these, the frequency of TBT submitted to the WTO is the most
widely used method for quantifying green trade barriers. This paper
will also adopt this approach to further explore the effects of green
trade barriers. Although the study of green trade barriers and
international trade scales has been a popular topic among
scholars, limitations still exist. First, research has predominantly
focused on developed countries, Belt and Road Initiative (BRI)
countries or OECD countries, with less attention given to
developing countries with relatively lower economic levels.
Additionally, most previous studies have concentrated on
agricultural and textile products, with inadequate research on
high-tech products such as photovoltaic products and
integrated circuits.

2.2 Hypotheses

Green trade barriers, including TBT, SPS and other
environmental protection regulations, have become an integral
factor in international trade. By examine export products from
199 countries, Gao and Bao suggest that TBTs can actually
promote trade, particularly in developing countries. This
indicates that producing goods in compliance with higher
environmental standards can provide exporters with a
competitive edge in markets with stringent environmental
regulations and numerous green trade barriers, which can appeal
to environmentally conscious consumers and businesses, and
exporters can avoid trade restrictions and stimulate trade growth.
Hence, this paper proposes the following hypothesis.

H1: Green trade barriers will have a positive impact on the trade
scale of China’s photovoltaic products exports to ASEAN.

Exchange rates play a crucial role in international trade by
affecting the relative cost of goods and services across countries. A
higher exchange rate generally means that a country’s currency is
stronger compared to others, making its imports cheaper and its
exports relatively more expensive (Auboin and Ruta, 2013).
However, in the context of green trade barriers, higher exchange
rates can amplify the positive impact on the trade scale of
environmentally compliant products. Biswas and Roy (2016)
indicate that consumers are willing to pay a higher price for
goods that meet stringent environmental standards. In countries
with higher exchange rates, the increased purchasing power allows
consumers and businesses to afford higher-priced, high-quality, and
environmentally friendly products. For China’s photovoltaic (PV)
products, compliance with green trade barriers enhances their
competitiveness and marketability in ASEAN countries with
higher exchange rates. The strong currency in these countries
makes imported PV products more attractive, despite their
higher prices, due to their compliance with environmental
standards. This creates a favorable market environment for

China’s PV products, leading to a more significant positive
impact on their trade scale. Therefore, this paper proposes the
following hypothesis.

H2: In countries with higher exchange rates, green trade barrier
has a more significant positive impact on the trade scale of
China’s photovoltaic products exports to ASEAN.

The role of language in international trade is a crucial yet often
underappreciated factor. Language barriers can pose significant
challenges to trade, including difficulties in communication,
contract negotiations, and compliance with regulations (Alam
and Mostafiz, 2022). Melitz (2008) proved that countries share
the same official language, and these barriers are minimized,
facilitating smoother trade interactions. However, in such
scenarios, the competitive edge provided by compliance with
green trade barriers may be less pronounced, as market entry is
already relatively easy, leading to a potential negative impact on the
export volume of Chinese photovoltaic (PV) products. On the other
hand, in countries with different official languages, the inherent
language barriers make market entry more challenging. In these
contexts, compliance with stringent green trade barriers can serve as
a significant differentiator, enhancing the perceived value and
quality of Chinese PV products. This compliance can help
overcome the initial scepticism and build trust with importers,
leading to a positive impact on export volumes. As a result, this
paper proposes the following hypotheses.

H3a: In countries with different official languages, green trade
barriers have a positive impact on the trade scale of China’s
photovoltaic products exports to ASEAN.

H3b: In countries that use the same official language, green trade
barriers have a negative impact on the trade scale of China’s
photovoltaic products exports to ASEAN.

The use of renewable energy can reduce pollution and provide
people with better living conditions. In countries with high
renewable energy consumption, there is often an established base
of photovoltaic (PV) product usage, and the demand for these
products may already be relatively saturated. In such cases, the
change in green trade barriers may have limited impact on the
import of PV products. Additionally, these countries may have
domestic photovoltaic manufacturing factories, resulting in lower
demand for imports. Consequently, a reduction in green trade
barriers might not significantly alter the demand for Chinese
photovoltaic products in these markets. Therefore, the following
hypothesis is proposed.

H4: In countries with higher renewable energy consumption, the
positive effect of green trade barriers on the trade scale of
China’s photovoltaic products exported to ASEAN will
be lessened.

Carbon dioxide emissions serve as a key indicator of a country’s
environmental impact (Zaman and Abd-el Moemen, 2017), and its
commitment to reducing greenhouse gas emissions. Demiral et al.
(2021) suggested that stricter environmental policies may not reduce
CO₂ emissions and could even exacerbate them. When the carbon
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emissions of a country or region rise, human’s wellbeing will be
adversely affected (Can et al., 2022), and the negative impact of
green trade barriers will outweigh the positive impact. In order to
ease the environmental pressure and ensure that people live in a low-
pollution environment, these high-carbon emission countries may
appropriately relax environmental regulations, reduce green trade
barriers, and encourage the import of a large number of photovoltaic
products in order to improve the carbon emissions brought by fossil
fuel. Therefore, the following hypothesis is proposed.

H5: In countries with higher per capita carbon dioxide emissions,
the negative effect of green trade barriers on the trade scale of
China’s photovoltaic products exported to ASEAN will
be weakened.

3 Methodology

The gravity model has long been used to analyze and predict
bilateral trade flows. By linking bilateral trade flows with factors such
as gross domestic product (GDP), distance, and other factors
influencing trade resistance, the gravity model has been widely
applied to estimate international trade flows. Specifically, to
examine the impact of green trade barriers on a country’s
exports, this study constructs the following benchmark regression
model based on the gravity model:

Tradevalueit � β0 + β1TBTit + β2GDP growthit + β3POP growthit

+ β4WGIit + β5ACEit + ε

In this model, the subscripts i and t represent the product export
destination and export time (year) respectively. The dependent
variable Tradevalueit is the export value (in logarithm), and the
core explanatory variable is TBTit. The control variables include
GDP_growthit, POP_growthit, ACEit, WGIit. ε denotes the error

term. By employing fixed effects, this study further mitigates the
endogeneity problem that may arise from potential omitted
variables. Additionally, this study examines the impact of
variables such as the official language of the importing country
on export value. The definitions and sources of the main variables
involved in the regression are shown in Table 1.

Trade value: this study examines the trade volume of Chinese
photovoltaic products exported to ASEAN countries. By analyzing
this variable, we can gain insights into the changes in sales volume of
Chinese photovoltaic products in these markets.

TBT: the number of Technical Barriers to Trade (TBT)
notifications submitted to the World Trade Organization (WTO).
TBTs generally refer to the technical standards and compliance
requirements established by countries to protect safety, health, and
the environment. TBTs can reflect the level of strictness in technical
requirements imposed by trade partner countries on imported
products, and they are used to assess the impact of these barriers
on the export of Chinese photovoltaic products.

GDP_growth: Annual Gross Domestic Product (GDP) growth
rate, representing a country’s economic growth rate. Countries with
high GDP growth rates may have higher demand for photovoltaic
products, as economic growth is typically accompanied by increased
energy demand.

POP_growth: Annual population growth rate, representing the
rate of population growth in a country. Countries with high
population growth rates may have greater energy demand,
including for photovoltaic products.

WGI: Worldwide Governance Indicators, measuring the quality
of governance in aspects such as government efficiency, legal
systems, and corruption control. Countries with higher levels of
governance typically have better business environments and may be
more favorable towards importing photovoltaic products.

ACE: Access to electricity, measuring the percentage of a
population in a country that has reliable access to power. This
indicator reflects the development level of a nation’s infrastructure
and plays a crucial role in supporting human daily life. In countries

TABLE 1 Variables and data source.

Classification Instructions Variable
name

Data source

Dependent variable China’s export trade value of photovoltaic products to ASEAN countries (Take the
logarithm)

Trade value UN Comtrade

Independent variable Number of TBT notified to WTO (add 1) TBT WTO/TBT-SPS Notification
Database

Controls Annual GDP growth rate GDP_growth World Bank

Annual POP growth rate POP_growth World Bank

Worldwide Governance indicators WGI World Bank

Exchange Rate RATE World Bank

Access to electricity (% of population) ACE World Bank

Per capita CO2 emissions CO2 World Bank

Renewable energy consumption (% of total final energy consumption) REC World Bank

Whether the two countries use the same official if the same official language is used = 1
if different official languages are used = 0

LAN CEPII
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with low access percentages, a significant portion of the population
lacks a reliable electricity supply. Thus, these nations often seek to
expand their energy infrastructure, and photovoltaic products
provide a cost-effective renewable solution, which will drive their
demands for photovoltaic imports.

RATE: Exchange rate between the currencies of two countries.
Exchange rate fluctuations directly impact trade costs and revenues.
For example, if the Chinese yuan appreciates against the currency of
a Southeast Asian country, the price of Chinese photovoltaic
products in that country will be relatively higher, potentially
reducing exports. Conversely, if the yuan depreciates, Chinese
photovoltaic products will be more competitively priced in that
country, potentially increasing exports.

LAN -Whether the two countries use the same official language.
Communication is more convenient between countries that share
the same language, potentially making it easier to establish trade
relationships.

CO2: The annual per capita carbon dioxide emissions, indicating
the level of environmental impact and the urgency of adopting
cleaner energy solutions. Countries with higher per capita
CO2 emissions may face greater pressure to reduce their carbon
footprint, increasing their demand for renewable energy products
like PV systems.

RNE: Renewable energy consumption is the share of energy
derived from renewable sources in a country’s total final energy
consumption. Countries with higher REC percentages typically
invest more in renewable technologies, including massive
demands for photovoltaic systems, to meet their energy needs.

This paper examines the impact of green trade barriers on the
export volume of China’s photovoltaic products to ASEAN

countries from 2010 to 2021. To enhance the normality and
variance stability of the data, a logarithmic transformation was
applied, making the regression analysis results more reliable and
interpretable. Additionally, to address the issue of some countries
having zero TBT notifications in certain years, a +1 adjustment was
made to the TBT notification counts. This adjustment ensures data
validity and prevents negative infinity in the logarithmic
calculations.

4 Empirical analysis

4.1 Benchmark regression

To explore the impact of green trade barriers on the export trade
volume of Chinese photovoltaic products, this study employs a fixed
effects model and progressively adds control variables for regression
analysis (Table 2). In model (1), we only estimate the trade volume
(Trade value) and the number of TBT notifications (TBT) that are
regressed. Model (2) includes the GDP growth rate (GDP_growth).
Model (3) adds the population growth rate (POP_growth). Model
(4) includes World Governance Index (WGI). Finally, in model (5),
access to electricity (ACE) was added. The results show that in all
models, the coefficient for the number of TBT notifications is
significantly positive. This indicates that green trade barriers
significantly promote the export of Chinese photovoltaic
products. This effect may be due to higher green trade barrier
standards prompting enterprises to improve product quality and
technological levels, thereby enhancing their competitiveness in the
international market.

TABLE 2 Benchmark regression analysis.

Model (1) (2) (3) (4) (5)

TBT 0.073** 0.071** 0.066** 0.064* 0.065*

(2.24) (2.18) (2.00) (1.97) (1.97)

GDP_growth −0.043 −0.042 −0.041 −0.043

(-0.73) (-0.72) (-0.71) (-0.73)

POP_growth −0.627 −0.495 −0.515

(-1.24) (-0.97) (-1.00)

WGI 3.102 3.540

(1.42) (1.50)

ACE −0.016

(-0.49)

Constant 0.546 0.764 1.552* 2.023** 3.510

(1.23) (1.43) (1.87) (2.27) (1.12)

Observations 132 132 132 132 132

R-squared 0.040 0.044 0.057 0.073 0.075

country FE YES YES YES YES YES

Notes: *, **, and *** indicate significance at 10%, 5%, and 1% levels, parenthesis are corresponding t-values.
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4.2 Robustness test

To conduct robustness tests, this study utilized two methods to
exclude specific samples, thereby verifying the reliability of the
benchmark regression results. In Table 3, model (6) excluded the
year 2021, which was most severely affected by the pandemic, while
model (7) excluded the developed country, Singapore.

In model (6), the TBT coefficient remained significantly positive
after excluding the year 2021. This suggests that the pandemic-
induced noise in the data partially obscured the true effect of TBT,
and the model’s robustness improved after removing the abnormal
year. Following the exclusion of 2021, the model’s R-squared was
0.066, closely aligning with the benchmark regression results, further
validating TBT’s role in promoting the export of Chinese
photovoltaic products.

The results of model (7) revealed that after excluding
Singapore, the TBT coefficient remained significantly positive,
indicating that the positive impact of the number of TBT
notifications on the trade volume of photovoltaic products was
still significant. This further substantiates that higher TBT
standards can significantly boost the export of Chinese
photovoltaic products, with results remaining robust even
after excluding samples from highly developed economies.
Furthermore, excluding Singapore increased the model’s
R-squared to 0.077, indicating an enhanced explanatory power
of the independent variables over the dependent variable.

In summary, the robustness test results demonstrate that,
whether excluding the developed country Singapore or the year
severely affected by the pandemic, the positive impact of green trade
barriers on the trade volume of photovoltaic products remains

significant. This finding further strengthens the reliability and
generalizability of this study’s conclusions.

4.3 Heterogeneity analysis

Through heterogeneity analysis, this paper further investigates
the impact of green trade barriers on the export trade volume of
Chinese photovoltaic products to Southeast Asia (Table 4).
Specifically, models (8) and (9) present the regression results for
groups with exchange rates (RATE) above and below the mean,
respectively. Model (10) analyzes countries using different official
languages, while model (11) focuses on countries using the same
official language.

In model (8), the results for the group with exchange rates above
the mean indicate that the coefficient for the number of TBT
notifications (TBT) is 0.282, significant at the 5% level. This
suggests that in countries with higher exchange rates, an
increased number of TBT notifications positively impacts the
export trade volume of photovoltaic products. This effect may be
attributed to higher exchange rates lowering import costs, thereby
enhancing the market competitiveness of high-standard
photovoltaic products. Conversely, in model (9), where exchange
rates are below the mean, TBT is not significant, indicating that in
countries with lower exchange rates, green trade barriers do not
significantly influence the export trade volume of
photovoltaic products.

In model (10), among countries using different official
languages, the coefficient for the number of TBT notifications is
0.065, significant at the 10% level. This suggests that green trade

TABLE 3 Robustness test.

Model (6) (7)

TBT 0.087* 0.061*

(1.90) (1.76)

GDP_growth −0.037 −0.041

(-0.56) (-0.65)

POP_growth −0.403 −2.449

(-0.37) (-1.11)

WGI 3.971 3.012

(1.49) (1.18)

ACE −0.017 −0.029

(-0.48) (-0.81)

Constant 3.346 7.383

(0.86) (1.48)

Observations 121 120

R-squared 0.066 0.077

country FE YES YES

Notes: *, **, and *** indicate significance at 10%, 5%, and 1% levels, parenthesis are corresponding t-values.
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barriers positively affect the export trade volume of photovoltaic
products between countries with different official languages. This
could be due to language differences creating market entry barriers,
making high-standard products more attractive. In contrast, in
model (11), among countries using the same official language,
TBT is significantly negative. This indicates that green trade
barriers negatively impact the export trade volume of
photovoltaic products between countries with the same official
language. This may result from easier market access between
countries with the same language, where TBT becomes an obstacle.

Overall, the heterogeneity analysis results demonstrate that the
impact of green trade barriers on the export trade volume of
Chinese photovoltaic products varies significantly depending on
exchange rate levels and language environments. In countries with
higher exchange rates and different official languages, green trade
barriers positively impact photovoltaic product exports.
Conversely, in countries with lower exchange rates and the
same official language, the impact of green trade barriers is
either insignificant or negative. These findings suggest that
policymakers should consider factors such as exchange rate
levels and language environments when formulating TBT
standards to better promote the competitiveness and export
growth of Chinese photovoltaic products in the
international market.

4.4 Moderating effect

This section examines the moderating effects of green trade
barriers on the export trade value of Chinese photovoltaic products
by introducing two moderating variables: per capita CO2 emissions
and renewable energy consumption (Table 5).

In model (12), the interaction term between TBT and
CO2 emissions (c.TBT#c.co2) is included in the regression
model. The results show that the interaction term is significantly
positive, suggesting that as CO2 emissions increase, the negative
impact of the number of TBT notifications on the trade value of
photovoltaic products becomes weak. In other words, higher
CO2 emissions are associated with a reduced detrimental effect
of TBT on trade volume.

In model (13), the direct effect of TBT is positive and significant
(p < 0.05), implying that TBT has a favorable influence on the trade
value. The results of the interaction term between TBT and REC
shows that the coefficient for the interaction term is positive and
significant at the 10% level. This implies that the positive effect of
TBT on trade volume decreases as renewable energy consumption
increases. Therefore, higher renewable energy consumption reduces
the beneficial impact of TBT on trade volume. Therefore, countries
who rely more on renewable energy consumption, may already
equipped with massive infrastructure that can produce clean energy,
reduce the country’s demand for photovoltaic products.

5 Conclusion and outlook

In the context of the global push towards a green economy, this
study investigates the impact of green trade barriers on the export
trade volume of Chinese photovoltaic products to Southeast Asian
countries. Based on benchmark regression analysis, the results
indicate a significant positive correlation between green trade
barriers and the trade volume of photovoltaic products,
suggesting that green trade barriers have facilitated the export of
Chinese photovoltaic products to ASEAN countries. This
conclusion remains robust even after controlling for various

TABLE 4 Heterogeneity analysis.

(8) (9) (10) (11)

TBT 0.282** 0.006 0.065* −0.133**

(2.20) (0.53) (1.71) (-2.34)

GDP_growth −0.504 −0.021 −0.030 0.049

(-0.86) (-0.99) (-0.43) (0.74)

POP_growth −6.584 −0.575*** −1.891 −0.518**

(-0.44) (-3.39) (-0.73) (-2.89)

WGI 2.875 1.180 3.316 10.614**

(0.17) (1.31) (1.20) (2.28)

ACE −0.094 −0.004 −0.032 2.864*

(-0.40) (-0.33) (-0.81) (1.75)

Constant 18.955 2.131** 6.184 −292.114*

(0.88) (2.05) (1.09) (-1.81)

Observations 37 95 108 24

R-squared 0.230 0.177 0.077 0.620

country FE YES YES YES YES

Notes: *, **, and *** indicate significance at 10%, 5%, and 1% levels, parenthesis are corresponding t-values.
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economic variables and fixed effects and is further validated through
multiple robustness tests. Specifically, the positive impact of green
trade barriers on the trade volume of photovoltaic products persists
even after excluding data from years significantly affected by the
pandemic and the only developed country, Singapore. Moreover,
heterogeneity analysis reveals that the impact of green trade barriers
varies with exchange rate levels and language environments.
Specifically, green trade barriers have a positive impact on the
export of photovoltaic products in countries with higher
exchange rates and different official languages, whereas their
impact is insignificant or negative in countries with lower
exchange rates and the same official language. Additionally, the
moderation effect analysis shows that GBTs are less harmful to PV
trade when CO2 emissions are higher., and the increased renewable
energy consumption mitigates the positive effect of GBTs on PV
trade. Policymakers should consider exchange rate levels, language
environments, CO2 emissions and renewable energy consumption
when formulating green trade barrier standards to better support the
competitiveness and export growth of Chinese photovoltaic
products in the international market.

5.1 Aligning with international standards

China should optimize its TBT (Technical Barriers to Trade)
policies for photovoltaic products by enhancing product quality and

technical standards to ensure compliance with international
standards such as those established by the International
Electrotechnical Commission (IEC) and the International
Organization for Standardization (ISO). For instance, LONGi
Green Energy Technology has achieved certification under the
IEC 61215 standard, which covers design, materials, processes,
and product performance requirements for photovoltaic modules.
This certification has significantly boosted LONGi’s competitiveness
in the international market, facilitating successful entry into
multiple Southeast Asian countries, including Vietnam
and Thailand.

Furthermore, China should engage in extensive bilateral and
multilateral cooperation with South and Southeast Asian countries
to promote mutual recognition of technical standards and
certification systems through dialogue and consultation, thereby
reducing trade frictions caused by technical trade barriers and
promoting the export of photovoltaic products. For example,
China and Malaysia have signed a bilateral Mutual Recognition
Agreement (MRA), ensuring that the certification results of Chinese
photovoltaic products are recognized in Malaysia. This agreement
has allowed Trina Solar to quickly enter the Malaysian market
without the need for redundant certification, significantly saving
time and costs.

Additionally, China should establish testing and certification
bodies domestically that comply with international standards,
ensuring these institutions obtain internationally recognized

TABLE 5 Moderating effect.

Model (12) (13)

TBT −0.108 0.212**

(-1.21) (2.37)

TBT*CO2 0.057**

(2.34)

TBT*REC −0.007**

(-1.98)

GDP_growth −0.048 −0.009

(-0.75) (-0.15)

POP_growth 0.127 −0.420

(0.11) (-0.84)

WGI 1.225 −2.390

(0.46) (-0.86)

ACE −0.022 −0.085**

(-0.61) (-2.05)

Constant −1.837 15.595***

(-0.46) (2.67)

Observations 121 132

R-squared 0.169 0.188

country FE YES YES

Notes: *, **, and *** indicate significance at 10%, 5%, and 1% levels, parenthesis are corresponding t-values.

Frontiers in Environmental Science frontiersin.org09

Chen 10.3389/fenvs.2024.1459950

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1459950


accreditations. For example, Tongwei Solar has established an
advanced quality control laboratory in China and obtained ISO/
IEC 17025 international laboratory certification. This certification
center provides high-standard testing and certification services for
both domestic and international photovoltaic enterprises, helping
companies obtain internationally recognized quality certifications
before export, thereby enhancing their competitiveness in the
global market.

5.2 Providing differentiated policy support
and technical assistance

Providing differentiated policy support and technical assistance is
a key strategy. Different countries have varying levels of economic
development, market demands, and technological capabilities,
necessitating tailored policies and assistance measures. First, China
should formulate differentiated policy support based on the economic
and market conditions of South and Southeast Asian countries. For
countries with faster economic growth and higher market demand,
more competitive financing schemes and export credit guarantees can
be offered to reduce the financial risks associated with procuring
Chinese photovoltaic products. Additionally, for countries with
significant market potential, government-to-government
cooperation projects or joint investments can be utilized to help
these countries develop photovoltaic power projects, thereby
expanding the market share of Chinese photovoltaic products.

Second, in terms of technical assistance, China can establish
technical training centers in the South and Southeast Asian regions
to provide systematic technical training and support locally. These
training centers can teach skills related to the installation,
maintenance, and performance optimization of photovoltaic
products, helping local technicians enhance their professional
capabilities and ensuring the efficient operation of photovoltaic
systems. Technical training can not only increase trust and
reliance on Chinese photovoltaic products in South and
Southeast Asian countries but also help cultivate a professional
technical workforce in these countries, promoting the long-term
development of the photovoltaic industry.

Besides, China can offer technology transfer and capacity-
building support to help South and Southeast Asian countries
improve their photovoltaic technology levels. This can be
achieved through collaborative R&D projects and technical
exchange activities, sharing China’s advanced photovoltaic
technologies and experiences with these countries, enhancing
their technical capabilities and innovation capacities in the
photovoltaic industry chain. This approach not only helps
improve the quality and competitiveness of photovoltaic products
in South and Southeast Asian countries but also fosters deep
cooperation between China and these countries in the
photovoltaic sector, collectively addressing global energy challenges.

5.3 Strengthening international governance
and cooperation

Strengthening international governance and cooperation is
crucial for promoting the export of Chinese photovoltaic

products to South and Southeast Asian countries. By improving
governance levels and transparency, and establishing a stable and
predictable trade environment, countries can jointly promote the
development of the green economy. First, China should actively
participate in the construction of the international governance
system and enhance cooperation with international organizations.
As a key member of the World Trade Organization (WTO) and
other international organizations, China can actively participate in
the formulation and improvement of global trade rules through
these platforms, especially those related to green trade rules and
standards. By promoting more transparent and fair international
trade rules, China can reduce the uncertainties caused by technical
trade barriers (TBT), creating more favorable conditions for Chinese
photovoltaic products to enter South and Southeast Asian markets.

At the same time, China should strengthen bilateral and
multilateral cooperation with South and Southeast Asian countries
to promote the mutual recognition of technical standards and
certification systems. By signing bilateral or multilateral agreements
to unify and mutually recognize technical standards, trade frictions
caused by inconsistent standards can be reduced. For example, China
can jointly formulate technical standards for photovoltaic products
with South and Southeast Asian countries and establish cooperative
certification systems to ensure that the products and technical
certifications of both parties are recognized in each other’s
markets. This approach will help simplify the export process of
photovoltaic products, reduce compliance costs for enterprises, and
improve market access efficiency.

Moreover, China should enhance cooperation with South and
Southeast Asian countries in the green energy sector to jointly
advance the implementation of green projects. Through
government-to-government cooperation projects, China can
support South and Southeast Asian countries in developing
photovoltaic power projects, providing technical support and
financing schemes. This strategy not only promotes the export of
Chinese photovoltaic products but also helps South and Southeast
Asian countries improve their renewable energy utilization,
achieving energy structure optimization and environmental
protection goals.
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