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Focusing on the components of both solar photovoltaic technology and wind energy
technology and using the gravity model approach with panel data, this study empirically
investigated the determinants of bilateral trade in renewable energy goods among ASEAN
countries as well as with China, Japan, and South Korea for the period 2012–2019, and
also identified China’s export efficiency and export potential. The results showed that the
economic sizes of both the exporting and importing countries, the economic freedom of
the exporter, and trade agreements and membership of common trade areas significantly
encouraged bilateral trade, while geographical distance exerted a significantly negative
influence. In general, it was found that China had great potential to export renewable
energy goods. We propose that the ASEAN Plus Three region needs to formulate and
implement a comprehensive and carefully coordinated renewable energy policy package.
We also suggest that China should promote joint efforts with ASEAN, Japan and South
Korea to further deepen cooperation on the low-carbon economy and tap the great
potential for trade in renewable energy goods.
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1 INTRODUCTION

Optimizing the energy structure of countries’ economies is an important component of the 17
Sustainable Development Goals (SDGs) proposed by the United Nations in 2015. The region
encompassed by the Association of Southeast Asian Nations (Brunei, Cambodia, Indonesia, Laos,
Malaysia, Myanmar, Singapore, Thailand, the Philippines, and Vietnam) plus China, Japan, and
South Korea—more commonly known as ASEAN Plus Three (APT), which, in 2019, comprised
29.2% of the global population and 27.7% of global gross domestic product (GDP), is one of the most
dynamic and rapidly growing regions in the world. However, along with its rapid economic
development in recent decades, the APT region has become a dominant energy consumer
(Cabalu et al., 2010). Its energy consumption has increased massively, especially the
consumption of primary energy sources such as oil, gas, coal, and electricity, leading to a sharp
rise in greenhouse gas (GHG) emissions. International Energy Agency (IEA) data show that, from
1990 to 2019, regional emissions of carbon dioxide—the primary GHG emitted through human
activities—almost quadrupled, from 3.91 gigatons in 1990 to 13.13 gigatons in 2019, growing at more
than twice the global average rate of 1.72% and accounting for 39% of global emissions in 2019.
Expanding economic activity and continuously growing energy consumption have exacerbated the
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region’s energy stresses, making the region as a whole heavily
dependent on external energy supplies—mostly fossil fuel energy.

The APT economies face severe challenges with regard to the
adverse impacts of fossil fuel use, including the growth of carbon
emissions, environment pollution, and energy price volatility
(Zhao et al., 2020), as well as energy security, an issue of great
importance, given the region’s strong dependence on external
energy supply. Addressing these issues is therefore vital for
economies in the region if they wish to strive for sustainable
“green” development. Some progress has been made in recent
years in respect of coordinated climate and energy policies. A
regional renewable energy goods (REG) trade perspective offers a
way forward for reducing environment degradation and climate
change, improving regional energy security, and strengthening
sustainable economic development.

Renewable energy sources—such as solar, wind, tidal, hydro,
and geothermal heat—can offer energy independence, reduce
carbon dioxide emissions, and mitigate climate change (Algieri
et al., 2011). Although characterized by abundant endowments of
solar, wind, hydro, and geothermal resources, many APT
countries are often hindered by multidimensional constraints
that prevent access to these new energy resources, among which
the lack of the necessary technological and engineering solutions,
as well as the power generation facilities for developing energy
generation, transmission, and distribution capacities, are
acknowledged to be the major barriers. The promotion of
green trading of cost-effective and efficient REG is crucial for
the development of a low-carbon economy (Sawhney and Kahn,
2012; Kalirajan and Liu, 2016) because it can relieve the
aforementioned technical barriers by accelerating the
deployment of REG and the dissemination of low-carbon
technologies, stimulate additional investment, and develop
local industries producing renewable energy systems and
components to meet demand (Lewis and Wiser, 2007;
Matsumura, 2021). This will lead overall decarbonization and
help to attain goal 7 of the SDGs (affordable and clean energy) by
substituting conventional fossil fuels with renewable energy (Yu,
2003; Algieri et al., 2011; Zaman and Kalirajan, 2019; Qadir and
Dosmagambet, 2020). For these reasons, it is crucially important
to explore the dynamics of REG trade. Using gravity models of
international trade, Costantini and Crespi (2008) and Costantini
and Mazzanti (2012) concluded that the stringency of
environmental regulation, supplemented by the strength of the
national innovation system, had a significant positive effect on the
export of a broad category of environmental goods. Algieri et al.
(2011) analyzed the determinants of exports of photovoltaic (PV)
panels by the United States (US), finding a positive impact of
foreign income and a negative impact of relative prices. Sawhney
and Kahn (2012) examined the determinants of US imports of a
total of 13 wind and solar power generation equipment products
classified according to six-digit harmonized system (HS) codes,
demonstrating that US sector-specific foreign direct investment
(FDI) and the exporting country’s domestic renewable power
generation were significant drivers. Jomit (2014) showed that the
GDP of the importing countries, the common colonizer, and
membership of bilateral trade agreements were all positive
determinants of India’s exports of environmental goods. Groba

(2014) provided evidence that regulatory policies and import
tariffs determined the exports of solar thermal and solar PV
energy systems and their components (solar PV). Cantore and
Cheng (2018) concluded that a substitution effect exists between
environmental regulation stringency and trading of
environmental goods; increased capacity to innovate, cultural
ties, geographical proximity, and financial uncertainty also play a
role. Kuik et al. (2019) clarified the positive effects of renewable
energy support policies on exports of wind energy technology
systems and their components (WETC) and solar PV goods.
Matsumura (2021) concluded that regional integration
accelerates trade in regional environmental goods, while
bilateral tariff rates discourage regional trade.

The APT countries share a common environment, and the
promotion of intraregional “clean trade” has aroused great
interest among both policymakers and academics. Not only
can it improve this region’s energy security in terms of energy
availability, accessibility, acceptability, and affordability, it can
also foster a well-interconnected and integratedmarket and closer
economic ties, as well as more harmonious bilateral relations
(Sattich et al., 2021). The Renewable Energy Policy Network for
the 21st Century (REN21) Renewables 2012 Global Status Report
showed that considerable progress has been made in global
investment in renewables in 2011: it rose 17% to a new record
USD 257 billion, more than six times the figure for 2004 and
almost twice the total investment in 2007, the year before the
global financial crisis. Since then, most APT countries have
stepped up their ambitions for and actions aimed at
decarbonization and sustainability, and the intraregional
trading of REG and related technologies has assumed a
growing share in the overall trade of the APT region. The
United Nations Conference on Trade and Development
(UNCTAD) Comtrade (https://comtrade.un.org) statistics
show that the value of intraregional trade in solar PV and
WETC goods in APT countries increased between 2012 and
2019, rising from USD 36.46 billion in 2012 to USD 47.85 billion
in 2019, an average growth rate of 3.93%. Among the APT
countries, China has a major role to play in intraregional REG
trade. Although rated as the largest energy consumer in the world,
China is also the largest producer and consumer of renewable
energy, laying a solid foundation for China’s participation in
renewable energy cooperation with ASEAN plus Japan and South
Korea (Zhao et al., 2020; Shuai et al., 2022; Zhao et al., 2022).
Since 2007, the total international trade volume of REG in China
has grown rapidly, fromUSD 139.447 billion in 2007 to USD 202.
908 billion in 2017 (Shuai et al., 2020). More specifically, China
ranks among the world’s leading producers and exporters of solar
PV and WETC products, which have shown significant growth
and considerable trading opportunities (Algieri et al., 2011;
Sawhney and Kahn, 2012). In the early 2000s, China
accounted for only 10% of the global market share of WETC
trade and 15% of global trade in solar PV, but it had doubled its
share by 2011 (Kuik et al., 2019). The REN21 Renewables Global
Status Reports indicate that China has dominated the world
market for these products, as well as for their manufacture. In
particular, China plays an important role in promoting REG trade
among emerging and developing countries (Steenblik, 2005).
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With China’s continually increasing economic ties with ASEAN
members, Japan, and South Korea, these countries have become
important markets for China’s exports of REG. The different
resource endowments and development stages of the renewable
energy industry of the APT countries have made them highly
complementary and deeply integrated into the REG industrial
and value chains and increased the potential of their cooperation
in producing renewable energy. In September 2020, at the 75th
session of the UN General Assembly, China announced its
commitment to realizing a carbon emissions peak by 2030 and
achieving carbon neutrality by 2060, which is important for
energy transformation, low-carbon development, and REG
trade in the APT region because the setting of renewable
energy targets and climate commitments in one country may
spur similar efforts in others (Sattich et al., 2021).

Given the enormous potential for the development and
utilization of renewable energy and intraregional trade in REG,
as well as China’s status as an important REG exporter, the
traditional focus on the REG trade of European Union (EU)
and Organisation for Economic Co-operation and
Development (OECD) countries is no longer warranted
(Kuik et al., 2019). However, the dynamics of REG trade in
the APT region remains under-investigated, and, in general,
earlier studies did not account for the potential for trade
between China and ASEAN plus Japan and South Korea,
which is important for promoting regional energy
cooperation. Several earlier studies examined other country
groupings, including some of the APT countries, but they
reached mixed conclusions regarding the factors affecting the
potentials for trade. Zaman and Kalirajan (2019) used a gravity
model extended with the determinants of efficiency models in
order to analyze the trade in 16 low-carbon REG with six-digit
HS codes in South and East Asia. Their results demonstrated
that, for most countries, intraregional exports of REG are
positively influenced by the GDP of the trading pairs and
the regional trade agreements (RTAs) between them, and
negatively related to tariffs and geographic distance. They
further defined export efficiency as the ratio of exports
under the impacts of country-specific infrastructural and
institutional factors to those without those impacts, and
they found that China and Japan are the most efficient in
respect of renewable energy exports, while Bangladesh remains
the least efficient. Focusing on three solar PV products and
seven WETC products with six-digit HS codes, Groba and Cao
(2015) empirically identified the determining factors of
China’s REG exports to 43 developed and developing
economies between 1996 and 2008 by conducting maximum
likelihood estimation using a gravity model. They found that
bilateral income, renewable energy market size, and demand-
side policy support schemes, as well as trade costs (i.e., tariffs
applied to imports from China) are all important. Leng et al.
(2020) selected 19 wind energy-related products for the period
2007–2017 and measured China’s potential exports to 65 “Belt
and Road” countries by adopting a gravity model. Their results
revealed that the GDP and energy consumption of the
importing country, as well as China’s wind power
generation capacity, both have positive impacts on China’s

exports, while the distance between the country capitals has a
negative effect. Moreover, the traditional ASEAN and Central
and Eastern European markets for China’s exports have
become increasingly saturated, i.e., China’s wind energy
products have been overtraded in these regions, while
countries in the Commonwealth of Independent States
(CIS), West Asia, and East Asia (Mongolia) have untapped
or growing potential. Shuai et al. (2020) adopted a gravity
model and the data for 81 REG from 2007 to 2017 in order to
examine China’s REG trade potential in the 65 “Belt and Road”
countries. Their findings indicated that the GDP and
renewable power generation capacity of the “Belt and Road”
countries and the total energy consumption of the two trading
parties are the main factors promoting China’s REG exports,
while distance has significant negative influence. China has
great exporting potential in Central and Eastern Europe and
the CIS, and a certain (growing) potential in East Asia
(Mongolia), West Asia, South Asia, and ASEAN; its trade
potentials for REG increased year on year for 2007–2017 in
the 16 countries in Central and Eastern Europe and fluctuated
in other regions.

The motivation to undertake this study arose from the
unsatisfactory nature of the abovementioned mixed
findings. We focused on the bilateral trade in solar PV and
WETC products—which are the most frequently discussed
REG in the framework of clean energy adoption (Groba and
Cao, 2015)—and employed a gravity model using cross-
country panel data for the period 2012–2019 to investigate
the drivers of bilateral REG trade flows among APT countries,
identify China’s export efficiency and export potential, and
explored how this trend may evolve with time.

The aims of this study were threefold. First, we wanted to
quantify the drivers of bilateral trade in solar PV and WETC
goods among APT countries and estimate China’s export
efficiency and export potential, both of which have been
underemphasized in the literature. Second, our equipment
studied in the analysis, corresponding to 16 solar PV-
related products and 29 WETC-related products with six-
digit HS codes, represented a good approximation of trade
in the solar PV and WETC sectors (Kuik et al., 2019). Third, in
addition to the traditional components of the generalized
gravity model, such as economic size, distance, population,
exchange rate, trade agreements, and common trade unions,
we incorporated the renewable energy generation capacity of
the importing country, the energy consumption of the
exporting country, and, particularly, the economic freedom
indices of the trading pairs that reflected their policy and
institutional settings—which has seldom been investigated in
such an analysis—into our gravity equation as factors that had
a direct bearing on trade in REG.

The remainder of this paper is organized as follows:
Section 2 develops the specification of the gravity model,
describes the data, and discusses the estimation methods;
Section 3 presents the main estimated results, applies the
estimated parameters to derive China’s potential exports to
ASEAN plus Japan and South Korea and assess China’s export
efficiency and export potential; and Section 4 presents our
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conclusions, policy implications, study limitations, and
future research directions.

2 METHODOLOGY AND DATA

2.1 Model Specification
The gravity model has been widely applied to formulating
bilateral trade flows among countries. Using the metaphor of
the law of universal gravitation, the gravity model simply predicts
that the bilateral trade between two economies is directly
proportional to the product of their respective market sizes
(e.g., GDP) and inversely related to their trade costs (e.g.,
geographical distance) (Tinbergen, 1962).

Owing to its considerable robustness and explanatory
power, the gravity model has been used by a large number
of studies to examine the trade flow effects of a wide variety of
real or dummy explanatory variables, including country-
specific characteristics (e.g., GDP, population, and income)
and bilateral characteristics (e.g., the geographical distance
between exporter and importer), and variables incorporating
the drivers of and barriers to trade (e.g., geographical
contiguity, ethnic ties, linguistic identity, colonial links,
island or landlocked status, exchange rates, tariff and non-
tariff barriers, currency unions, trade agreements, and
common trade unions) (Anderson and Wincoop, 2003;
Martinez-Zarzoso, 2003; Baier and Bergstrand, 2007; Novy,
2013; Narayan and Nguyen, 2016; Yotov et al., 2016;
Matsumura, 2021). In addition, the gravity model is used to
measure trade efficiency or trade potential by calculating the
differences between predicted and observed trade flows (Egger,
2001; Papazoglou, 2007; Zaman and Kalirajan, 2019; Leng
et al., 2020; Shuai et al., 2020).

The basic form of the gravity model has the following
structure:

Exij � C
YiYj

TC2
ij

(1)

where Exij is the value of the specific export from country i to
country j and C is a constant term; Yi and Yj refer to the scale of
economy of both trading parties, proxying for potential supply
and demand, respectively; and TCij is the trade cost or trade
barrier between countries i and j.

To accurately measure the trade flows of solar PV and
WETC goods among the APT countries, we built a gravity
equation based on recent developments in the literature. In
addition to the fundamental determinants that explain the
size of bilateral trade flows, such as GDP, geographical
distance, population, common language(s) shared by the
trading pair, real exchange rates, and membership of RTAs
and common trade areas, we incorporated into our model
other factors that may affect bilateral trade flows: the solar
and wind power generation capacity of the importer, the
energy consumption of the exporter, and, specifically, the
economic freedom indices of the exporting and importing
countries, making a total of 13 independent variables.

The specification that transforms the general form of the
gravity model with a greater number of variables into a linear
relationship for the empirical computation is given by:

lnExijt � α + β1p lnGDPit + β2p lnGDPjt + β3p lnDISCapij

+β4pCOMlangij + β5p lnPopit + β6p lnPopjt + β7p lnECit

+ β8p lnREOutjt + β9p lnExcijt + β10p lnEFWit

+ β11p lnEFWjt + β12pRTAijt + β13pAPECijt + ε (2)
where the i, j, and t subscripts correspond to the exporting
country, importing country, and year, respectively; Exijt stands
for the sum of the exports of solar PV and WETC goods in
millions of US dollars from country i to its trading partner j in
year t; and REOutjt is the output of solar and wind energy of the
importing country.

In order to reduce aggregation biases, and following Anderson
and Yotov (2012), we subdivided Eq. 2 into Eqs 3, 4, in which the
export volumes of solar PV (lnExSol) and WETC (lnExWind),
as well as the outputs of solar energy (ln SolOut) and wind energy
(lnWindOut), of the importing country, appear separately (the
remaining factors are as before):

lnExSolijt � α + β1p lnGDPit + β2p lnGDPjt + β3p lnDISCapij

+β4pCOMlangij + β5p lnPopit + β6p lnPopjt + β7p lnECit

+ β8p ln SolOutjt + β9p lnExcijt + β10p lnEFWit

+ β11p lnEFWjt + β12pRTAijt + β13pAPECijt + ε (3)
lnExWindijt � α + β1p lnGDPit + β2p lnGDPjt

+β3p lnDISCapij + β4pCOMlangij + β5p lnPopit + β6p lnPopjt

+ β7p lnECit + β8p lnWindOutjt + β9p lnExcijt

+ β10p lnEFWit + β11p lnEFWjt + β12pRTAijt + β13pAPECijt

+ ε

(4)
where GDP in nominal terms (Baldwin and Taglioni, 2006;
Shepherd, 2013) is used as a proxy for economic size; DISCap
corresponds to the geographical distance between the capitals of
the paired countries; COMlang is a dummy variable that equals 1
if both countries share the same official language, and 0 otherwise;
Pop represents the country’s population; ECit denotes the energy
consumption of the exporting country; and Excij represents the
real bilateral exchange rate at which currency i is exchanged for
currency j. The real exchange rate that affects the relative prices
of imported goods is determined by dividing the nominal
exchange rate by the consumer price index (CPI). EFWit and
EFWjt are the trading pairs’ indices of the Economic Freedom of
the World (EFW) at year t, which are provided by the Frazer
Institute, a research organization based in Vancouver, Canada.
The EFW index measures the degree to which the policies and
institutions of a country are supportive of economic freedom, and
its cornerstones include voluntary exchange, freedom to enter
markets, and competition. The dummy variable RTA is used as a
proxy for entry into and participation in bilateral or multilateral
trade agreements. The dummy variable APEC is used as a proxy
for membership of the common trade area of the Asia-Pacific
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Economic Cooperation (APEC). RTAij � 1 if an RTA is in force
between the home and partner countries, and 0 otherwise;
APECij � 1 if both paired countries are members of APEC,
and 0 otherwise. We do not consider the dummy variable
WTO because all APT countries are World Trade
Organization (WTO) members.

According to the theoretical framework of the gravity model,
increasing GDP for each country is expected to encourage
bilateral trade. On the supply side, an increase in the GDP of
the exporting country indicates more resources available as inputs
and greater domestic production available for exports. By
contrast, on the demand side, an increase in the GDP of the
importing country indicates a sufficiently large market, which
would stimulate more imports (Edmonds et al., 2008).DISCap is
expected to have a negative correlation with trade volume, as
distance represents the transportation and transaction costs
between trading partners. The linguistic ties between countries,
COMlang, are expected to have a trade-enhancing effect because
countries sharing the same language tend to have more
established ties and lower transaction costs (Bussière and
Schnatz, 2009). The effects of the population variables may be
ambiguous. The population of the exporting country, Popi, can
be export-inhibiting, given specific resource endowments: a
country with a larger population will export less in order to
meet higher domestic demand. By contrast, a large population
indicates high market demand, which may expand local
investment and the production capacity for more goods to be
produced and exported. The coefficient of the population of the
importing country, Popj, can bear a positive sign, as a large
population may have a sizable market, which can increase
demand for imports. However, a larger population may
indicate more resource endowment, higher self-sufficiency, and
less reliance on imports (Papazoglou, 2007); therefore, the
importing country’s population may be trade-inhibiting. The
effect of the energy consumption of the exporting country,
ECit, is indeterminate. On the one hand, ECit can be expected
to have a trade-creating effect because high energy consumption
can stimulate domestic investment, and thus produce more goods
available for export. On the other hand, an increase in energy
consumption indicates a rise in domestic demand, which
decreases exports. The expected effect of the renewable energy
output of the importing country, REOutj, as well as SolOut or
WindOut, may be ambiguous. The coefficient can have a positive
sign when the expansion of the production of renewable energy
increases demand for solar PV and WETC imports, while a
negative sign can appear when a country’s market and local
demand for energy are limited. The coefficient of the bilateral
exchange rate, Excij, is expected to be negative. For example, the
appreciation of the CPI-deflated Chinese yuan against its trading
partner’s currency—an increase in the bilateral exchange
rate—would reduce China’s exports. The sign of the coefficient
of the EFW index of the exporting country is expected to be
positive since economies that are more free market-based tend to
experience greater levels of investment and growth, which
expands production capacity and boosts exports. However, the
benefits of economic freedom in the importing country are not
yet clear. A higher degree of economic freedom may lead to

increased openness to imports, whereas it may discourage
imports because countries that are more economically free
tend to have more domestic production capacities. Finally,
mutual memberships of RTAs or APEC could raise trade
among member countries because trade agreements and
common trade areas represent closer ties; furthermore, they
reduce trade costs primarily through the layering of trade
barriers and the provision of more favorable tariff treatments
(Papazoglou, 2007; Narayan and Nguyen, 2016; Matsumura,
2021).

Using the results obtained by the gravity model, we can
identify China’s potential exports and compare them with its
actual exports in order to examine the efficiency or potential of
China’s exports to ASEAN plus Japan and South Korea. We use
the ratio of actual export flows to estimated export flows in order
to measure export efficiency:

Eijt � Exijt/Exp
ijt (5)

where Exijt and Exp
ijt denote the actual export value and the

theoretically estimated value, respectively. Once export efficiency
is calculated, the level of inefficiency, i.e., 1 − Eijt, is referred to as
untapped export potential (Zaman and Kalirajan, 2019). Thus,
the lower the export efficiency Eij, the higher the potential for
exports from country i to country j, and vice versa. A ratio of
E> 1.2 indicates the presence of “limited potential” or “excessive
exports,” suggesting that the paired countries have close trade ties
and trade potential is limited; if 0.8<E≤ 1.2, there is “growing
potential,” suggesting that the trade ties of the two trading
countries are close and trading potential is rising; if E≤ 0.8,
there is “huge potential” or “insufficient exports,” suggesting
great potential between the trading pairs (Leng et al., 2020;
Shuai et al., 2020).

The analysis period ran from 2012 to 2019. The global
financial crisis of 2008–09 and the post-crisis period, as well
as the COVID-19 period, were excluded, and thus we analyzed
trade in a “normal” economic environment. In the empirical
analysis, we first used a balanced dataset representing annual
bilateral solar PV and WETC trade among APT countries in
order to capture the trade patterns of APT countries. The
estimated parameters were then used to generate China’s
potential exports to ASEAN plus Japan and South Korea.
Export efficiency and export potential were estimated by
comparing the estimated export volume with the existing
volume. We first conducted the analysis using solar PV and
WETC together, and then repeated the tests for solar PV and
WETC separately.

2.2 Data
We used cross-country panel data for the bilateral trade of solar
PV and WETC goods for the period 2012–2019 in order to
investigate results for the gravity model. Solar PV and WETC are
defined as the investment goods and associated products required
in solar PV energy systems and their components and in wind
energy technology systems and their components, respectively.
The six-digit HS classification is a commonly used and globally
harmonized classification system for distinguishing between
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internationally traded goods (Kuik et al., 2019). The solar PV and
WETC product groups based on the six-digit HS product
category codes identified by the International Centre for Trade
and Sustainable Development (ICTSD) were constructed as
suggested by Kuik et al. (2019). Table 1 lists the HS codes.

The bilateral trade data for the solar PV and WETC goods
were extracted from the UNCTAD Comtrade database (https://
comtrade.un.org). The annual nominal GDP and population
data, as well as the official exchange rate (local currency unit
(LCU) per USD, period average) data and CPI data, which were
used to convert the nominal exchange rates into real exchange
rates, were obtained from the World Bank (https://databank.
worldbank.org). The data for geographical distances and
common language(s) were retrieved from the Centre d’étude

prospectives et d’informations internationales (CEPPII; http://
www.cepii.fr) in Paris. The annual data for solar and wind
power generation, as well as energy consumption, were
obtained from the IEA (https://www.iea.org). RTAs were as
according to the WTO (https://www.wto.org). APEC
membership statuses were obtained from the APEC website
(https://www.apec.org). The data for the EFW index
(2012–2019) were extracted from the annual Economic
Freedom of the World report (2014–2021) issued by the
Frazer Institute (https://www.fraserinstitute.org).

All the time-variant series were transformed into natural
logarithms to render them close to the normal distribution for
the statistical tests. Some zeros appeared in the bilateral trade
flows. However, as the logarithm of zero does not exist, and

TABLE 1 | HS codes used for the solar PV and WETC goods (Sourced from Kuik et al., 2019).

Type of goods HS code Product

Solar PV goods 700991 Unframed glass mirrors
700992 Framed glass mirrors
711590 Other articles of precious metal or of metal clad with precious metal
732290 Solar collector, air heater, hot air distributor, and parts thereof
830630 Photograph, picture or similar frames; mirrors, and parts thereof, of base metal
841280 Other engines and motors
841919 Other instantaneous or storage water heaters, non-electric
841950 Heat exchange units
841989 Other apparatus for treatment of materials by temperature
841990 Parts of apparatus for treatment of materials by temperature
850230 Other generating sets
850440 Static converters
854140 Photosensitive semiconductor devices; light-emitting diodes
900190 Other: prisms, mirrors, and other optical elements, of any material
900290 Other optical elements, of any material, mounted
900580 Other instruments: monoculars, other optical telescopes; other astronomical instruments

WETC goods 730820 Towers and lattice masts, of iron or steel
841290 Parts of other engines and motors
848210 Ball bearings
848220 Tapered roller bearings, including cone and tapered roller assemblies
848230 Spherical roller bearings
848240 Needle roller bearings
848250 Other cylindrical roller bearings
848290 Other bearings, including combined ball or roller bearings
848340 Gears and gearing; ball screws; gear boxes and other speed changers
850161 AC generators of an output not exceeding 75 kVA
850162 AC generators of an output exceeding 75 kVA but not exceeding 375 kVA
850163 AC generators of an output exceeding 375 kVA but not exceeding 750 kVA
850164 AC generators of an output exceeding 750 kVA
850230 Other generating sets
850300 Parts, of motors, of generators, of generating sets, of rotary converters
850421 Liquid dielectric transformers, not exceeding 650 kVA
850422 Liquid dielectric transformers, power handling capacity 650–10,000 kVA
850423 Liquid dielectric transformers, exceeding 10,000 kVA
850431 Other transformers, power handling capacity not exceeding 1 kVA
850432 Other transformers, exceeding 1 kVA but not exceeding 16 kVA
850433 Other transformers, exceeding 16 kVA but not exceeding 500 kVA
850434 Other transformers, power handling capacity exceeding 500 kVA
854459 Other electric conductors, exceeding 80 V but not exceeding 1,000 V
854460 Other electric conductors, for a voltage exceeding 1,000 V
890790 Other floating structures
902830 Electricity meters
903020 Cathode-ray oscilloscopes and cathode-ray oscillographs
903031 Multimeters
903081 With a recording device (voltmeters, ammeters, circuit testers)
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dropping zero observations from the sample might have led to
biased estimates (Kuik et al., 2019), we therefore replaced the
zeros with an arbitrarily small number, 0.025, when taking the
logs, as suggested by McCallum (1995) and Raballand (2003). In
addition, we replaced the missing values for Laos in 2012 and
2013 with their average EFW index values for the previous
6 years.

3 RESULTS AND DISCUSSION

3.1 Gravity Model Results for the Sum of
Solar PV and WETC Goods
Table 2 lists the summary statistics for the variables used in this
study. First, the Fisher-ADF test, a frequently used panel unit root
test, was employed. The results indicated that all the variables
were stationary at the level and integrated of order zero. This
suggested that the panel data could be used for the regressions,
with no need to test the co-integration relationship among the
time series variables.

To examine the determinants of the bilateral trade flows
within our gravity model framework, three estimation
approaches were employed: pooled ordinary least squares
(OLS), fixed effects, and random effects (RE) models. Because
fixed effects estimation does not allow for time-invariant variables
in a gravity model (Prehn et al., 2016), we conducted a Lagrange
multiplier (LM) test to select the preferred regression model. The
results were significant, and the reported p-value was 0,
suggesting that the RE model was to be preferred to the
pooled OLS model. Hence, we selected the RE model for
further empirical analysis. The pooled OLS estimation was
also applied to the robustness check analysis. Table 3 presents
the results.

The first column in Table 3 reports the RE results. The
estimated coefficients of all the variables had the expected
signs in the RE regression. The economic sizes of both the
exporting and importing countries, measured by GDP, exerted

significantly positive effects on a country’s exports. These
results were consistent with the predictions of the
generalized gravity model. By contrast, geographical
distance was found to be a natural impediment to REG
trade. The effect of economic freedom, which is
concentrated solely on the exporter, was positive and
statistically significant. As expected, the coefficients of the
RTA and APEC dummies were positive and statistically
significant, indicating that if the trading partners were
mutual members of an RTA or APEC, exports would be
encouraged. Our findings with respect to RTA and APEC
were in line with those reported in the literature (Narayan and
Nguyen, 2016; Matsumura, 2021). The dummy variables
COMlang, Popi, Popj, ECi, REOutj, Exc, and EFWj also
showed the expected signs but did not present statistically
significant effects.

The results estimated for the robustness check using the
pooled OLS model in column 2 confirmed that GDPi, GDPj,
EFWi, RTA, and APEC had highly significant positive impacts,
while DISCap had a negative effect. In addition, in the pooled
OLS estimation, Popi, Popj, and COMlang showed similar
positive, but insignificant, impacts to those in the RE
estimation, while the coefficients of ECi, REOutj, Exc, and

TABLE 2 | Descriptive statistics.

Natural logarithm
of variables
and dummy
variables

Obs Mean Std. Dev Min Max

lnEx 1,248 13.554 7.141 −2.996 22.7
lnExSol 1,248 12.689 7.633 −3.689 22.601
lnExWind 1,248 10.997 8.324 −3.689 21.23
lnGDP 1,248 26.356 2.036 23.045 30.29
lnDISCap 1,248 7.662 0.645 5.754 8.664
COMlang 1,248 0.154 0.361 0 1
lnPop 1,248 17.496 1.927 12.897 21.058
lnEC 1,248 14.363 1.921 10.735 18.289
lnREOut 1,248 5.402 3.769 −0.856 13.354
lnSolOut 1,248 4.789 3.658 −0.916 12.319
lnWindOut 1,248 2.225 5.548 −4.605 12.914
lnExc 1,248 0 4.914 −9.559 9.559
lnEFW 1,248 1.948 0.111 1.68 2.18
RTA 1,248 0.974 0.158 0 1
APEC 1,248 0.577 0.494 0 1

TABLE 3 | Estimated results for the sum of solar PV and WETC goods.

Natural logarithm of
variables and dummy
variables

RE Pooled
OLS (Robustness check)

lnGDPi 1.904*** 0.953**
(0.502) (0.377)

lnGDPj 1.210*** 1.242***
(0.347) (0.196)

lnDISCap −2.962*** −3.108***
(0.470) (0.215)

COMlang 0.570 0.293
(0.799) (0.358)

lnPopi −0.265 −0.174
(0.351) (0.171)

lnPopj 0.209 0.081
(0.291) (0.147)

lnECi 0.888 1.830***
(0.602) (0.431)

lnREOutj 0.059 0.161**
(0.078) (0.065)

lnExc −0.044 −0.074**
(0.066) (0.030)

lnEFWi 5.268** 12.840***
(2.552) (1.620)

lnEFWj 1.990 3.354**
(2.455) (1.394)

RTA 5.520*** 6.083***
(1.755) (0.794)

APEC 2.388*** 2.025***
(0.708) (0.328)

cons. −78.890*** −84.670***
(10.80) (5.798)

R-squared 0.714 0.721
Wald/F-test 0.0000 (Wald-test) 0.0000 (F-test)
Obs 1,248 1,248

Note: *p < 0.1; **p < 0.05; ***p < 0.01; numbers in parentheses are standard errors.

Frontiers in Environmental Science | www.frontiersin.org July 2022 | Volume 10 | Article 9530057

Zhang et al. China’s Renewable Energy Goods Trade

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


EFWj were significant. These results indicated the overall
robustness of our findings.

3.2 Export Efficiency and Export Potential
Estimates for the Sum of Solar PV and
WETC Goods
To accurately measure China’s export efficiency and export
potential, we removed the insignificant variables in Table 3
stepwise, keeping only the explanatory variables that were
significant at the level above 10%, namely, GDPi, GDPj,
DISCap, EFWi, RTA, and APEC. All six variables were
significant at the 1% level (Table 4). The pooled OLS
estimation (the robustness check) results were consistent with
those of the RE regression.

The economic freedom of the exporting country and mutual
memberships of RTAs had relatively large impacts on REG

exports. A 1% increase in economic freedom of the exporter
increased energy trade by 5.79% on average, and countries tended
to increase trade by 5.96% when they entered a bilateral or
multilateral trade agreement with each other. By contrast, the
GDP of paired countries had relatively small impacts. Economic
growth of 1% in either the exporting or importing country
increased REG trade between partners by 2.56 and 1.51%,
respectively. Furthermore, a 1% increase in the physical
distance between the two trading countries reduced REG trade
by 3.16% on average. Additionally, mutual memberships of RTAs
were revealed to be more important than those of APEC. The
estimates revealed that trading partners within an RTA traded
152% more than country pairs within APEC.

Using the parameters estimated by the RE approach and
calculating export efficiency, we tested China’s potential
exports to ASEAN plus Japan and South Korea for the period
2012–2019 and compared them with its actual exports in order to
obtain its export efficiency, and thus export potential.

Table 5 demonstrates the evolution of trade efficiency (trade
potential) over time and across countries, from which we made
the following observations.

First, in 2019, other than Cambodia and Laos, to which
China’s actual exports substantially exceeded its potential
exports, ASEAN plus Japan and South Korea were found to
have huge trade potentials with China (i.e., China’s actual exports
to these countries fell substantially below the estimated levels).
China’s export efficiency (export potential) with respect to
ASEAN plus Japan and South Korea was, in descending
(ascending) order: Cambodia, Laos, Myanmar, Japan, Brunei,
Singapore, Malaysia, Vietnam, Indonesia, Thailand, the
Philippines, and South Korea. The UNCTAD Comtrade
statistics show that, over the period 2012–2019, China was the
largest intraregional exporter of solar PV and WETC goods, with
an average annual export value of USD 12.70 billion. It was also
the leading importer, followed by Japan, South Korea, Thailand,
and Vietnam, with annual average imports of USD 8.63, 6.65,
3.64, 2.87, and 2.80 billion, respectively. The imports of
Singapore, Malaysia, and Myanmar were approximately USD 2
billion. Brunei, Laos, and Cambodia were the smallest
intraregional importers, with annual average imports of USD

TABLE 4 | Export efficiency and export potential estimates for the sum of solar PV
and WETC goods.

Natural logarithm of
variables and dummy
variables

RE Pooled
OLS (Robustness check)

lnGDPi 2.560*** 2.605***
(0.148) (0.069)

lnGDPj 1.511*** 1.623***
(0.146) (0.069)

lnDISCap −3.160*** −3.316***
(0.434) (0.196)

lnEFWi 5.793*** 8.805***
(1.948) (1.037)

RTA 5.962*** 6.473***
(1.691) (0.759)

APEC 2.366*** 1.989***
(0.617) (0.284)

cons. −87.960*** −97.050***
(7.086) (3.594)

R-squared 0.711 0.713
Wald/F-test 0.0000 (Wald-test) 0.0000 (F-test)
Obs 1,248 1,248

Note: ***p < 0.01; numbers in parentheses are standard errors.

TABLE 5 | Time trend of the export efficiency values of China’s exports to ASEAN plus Japan and South Korea.

Country Year

2012 2013 2014 2015 2016 2017 2018 2019

South Korea 0.002229 0.001598 0.001288 0.001074 0.000777 0.000478 0.000282 0.000330
Philippines 0.080527 0.08301 0.107559 0.125614 0.058052 0.031529 0.021031 0.022589
Thailand 0.261281 0.16635 0.139798 0.189239 0.121191 0.061793 0.055376 0.032706
Indonesia 0.230065 0.189367 0.148245 0.127146 0.082044 0.049902 0.045161 0.040297
Vietnam 0.30209 0.253095 0.364029 0.160336 0.106136 0.073284 0.066371 0.116865
Malaysia 0.791353 0.661748 0.433896 0.511482 0.33746 0.224473 0.155794 0.145365
Singapore 0.953712 0.68385 0.587575 0.714435 0.368853 0.241744 0.171406 0.180297
Brunei 0.433162 0.865804 0.912284 0.455634 0.284545 0.161117 2.26709 0.319368
Japan 1.676432 2.379771 2.659037 2.290963 1.381972 0.813748 0.54022 0.486587
Myanmar 6.802387 6.216313 4.589849 5.059432 3.070313 2.060911 1.246185 0.764831
Laos 13.03438 20.80261 8.018321 9.719278 7.379016 5.325684 3.535989 2.753722
Cambodia 20.82271 18.87008 6.552691 7.226096 5.613714 4.079709 1.890406 4.135964
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42.91, 83.44, and 89.67 million, respectively. Moreover, IEA data
show that over the period 2000–2019, Brunei and Laos were net
energy exporters. Due to their small market size, the potential
export market opportunities for China’s REG to these three
countries were relatively small. Both the regression results and
trade statistics indicated that ASEAN plus Japan and South Korea
other than Brunei, Laos, and Cambodia are potentially important
markets for China’s future exports of REG.

Second, between 2012 and 2019, China’s export efficiency
(export potential) with respect to ASEAN plus Japan and South
Korea showed a downward (upward) trend. This finding
indicated that the tendency for China to export at levels lower
than the theoretically estimated ones has generally increased over
time. This may be due to the rapid economic development of the
APT region, China’s widening and deepening economic reform
and open door policy, and its signing of key trade agreements at
the bilateral, sub-regional, regional, and multilateral levels, which
can all raise the theoretically estimated values of China’s exports.
By contrast, the high dependence on fossil fuels might limit the
imports of ASEAN plus Japan and South Korea, thus increasing
the difference between China’s actual and potential exports.

Third, China’s export efficiency and export potential
differed markedly by partner countries. The export
efficiency values of China’s exports to South Korea, the
Philippines, Thailand, and Indonesia were relatively stable
and low between 2012 and 2019, indicating untapped trade
potential between China and these countries. By contrast, the
potential to trade with Cambodia and Laos remained limited
over this period. Moreover, China’s export efficiency values
to Cambodia, Laos, Myanmar, and Singapore fluctuated
greatly, dropping from 20.82271, 13.03438, 6.802387, and
0.953712 in 2012 to 4.135964, 2.753722, 0.764831, and
0.180297 in 2019, respectively. Hence, Myanmar changed
from having limited potential to huge potential, while
Japan and Singapore evolved from having growing
potential to huge potential. China’s REG have many
competitors in the global market, including developed
countries such as the United States, Germany, the
United Kingdom (UK), and Japan, newly industrialized
countries such as South Korea, and emerging countries
such as India. It is worth noting that, between 2012 and
2019, following China, both Japan and South Korea were the
leading intraregional exporters of solar PV and WETC goods,
with average annual export values of USD 8.18 and 5.03
billion, respectively. China should readjust and optimize
the product structure of its renewable REG trade in a
targeted manner and enhance the quality of its REG in
order to appeal more to the market demand of importing
countries (Shuai et al., 2022).

It should be noted that the finding that China has a huge
REG trade potential differs from that obtained by Shuai et al.
(2020), who concluded that China has a certain (growing)
potential in ASEAN. There are two possible reasons. First,
Shuai et al. (2020) used data of 81 products of solar energy,
wind energy, hydro energy, bio-energy, geo-thermal energy
and marine energy from 2007 to 2017 to examine China’s REG
trade potential in the 65 “Belt and Road” countries and finally,

five explanatory variables entered their equation for obtaining
trade potential: foreign GDP, foreign renewable power
generation, China’s energy consumption, foreign energy
consumption, and the distances between capitals of China
and the importing countries. This leads to the differences in
the predictions of theoretical trade flows, and therefore trade
potentials in their model from ours. Second, the examination
of aggregate data in Shuai et al. (2020) may include bias and
hide useful information about the behavior of a sub-region and
individual industries (Choi, 2021).

3.3 Separate Regression Results for Solar
PV and WETC Goods
Table 6 summarizes the results for the estimation of solar PV
and WETC goods separately.

The key results for the RE regressions were consistent with
those for the full sample, except that the insignificant effects of
Popi and ECi on WETC goods became significant. These
qualitatively similar results provided further support for the
results obtained for the full sample. The results of the pooled
OLS estimation indicated that most of the main results remained
effective.

3.4 Separate Export Efficiency and Export
Potential Estimates for Solar PV and WETC
Goods
We eliminated the insignificant variables in Table 6 stepwise
and retained the explanatory variables significant at the 1% or
5% level. The pooled OLS estimation results were found to be
consistent with the findings of the RE regression. We then
estimated China’s potential exports of solar PV and WETC
goods separately using the RE regression (Table 7). Tables 8, 9
list the time series of the export efficiency values of China’s
exports of solar PV and WETC goods, respectively, to its 12
trading partners.

In 2019, the efficiency (potential) values of China’s exports
of solar PV goods to ASEAN plus Japan and South Korea were,
in descending (ascending) order: Cambodia, Laos, Myanmar,
Japan, Brunei, Singapore, Malaysia, Vietnam, Indonesia,
Thailand, the Philippines, and South Korea—the same as in
the full sample analysis. Cambodia had limited potential, Laos
had growing potential, and the other 10 countries had huge
potential. The efficiency (potential) values of China’s exports
of WETC goods in 2019 were, in descending (ascending) order:
Laos, Cambodia, Myanmar, Japan, Malaysia, Singapore,
Brunei, Indonesia, Vietnam, Thailand, the Philippines, and
South Korea, among which Laos, Cambodia, and Myanmar
had limited potential and the rest had huge potential.

In general, the separate trends of China’s potential exports
of solar PV and WETC goods to ASEAN plus Japan and South
Korea were similar to those of the full sample, indicating that
China and ASEAN plus Japan and South Korea had
tremendous potential for REG trade in the period 2012–19.
ASEAN plus Japan and South Korea may be important markets
in the future, with huge growth opportunities for China’s solar
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PV and WETC exports, given their urgent need to mitigate
climate change, promote transition to renewable energy
systems, and improve energy security.

In summary, there were untapped potentials in China’s
solar PV exports to South Korea, the Philippines, Thailand,
Indonesia, Vietnam, Malaysia, and Singapore, particularly
the first four countries. The potential for China’s WETC
exports to South Korea, the Philippines, Thailand,
Vietnam, Indonesia, Brunei, Singapore, and Malaysia were
also extremely large, particularly to South Korea, the
Philippines, and Thailand. The finding on WETC exports
differed from that obtained by Leng et al. (2020), as they
showed that the traditional ASEAN markets for China’s
exports of WETC goods had become increasingly
saturated, and China’s wind energy products had been
overtraded in those countries. This can be attributed
multiple factors such as number of countries involved,
categories of WETC adopted and the impacting factors in
the models of Leng et al. (2020) and this study are different,
which leads to different theoretical and actual trade values,
and therefore different trade potentials.

4 CONCLUSION, POLICY IMPLICATIONS,
LIMITATIONS, AND FUTURE RESEARCH
DIRECTIONS
Most APT countries rely heavily on imports of fossil fuels to meet
their energy demands. Intraregional REG trade plays a crucial
role in strengthening energy security and low-carbon growth in
this region (Zaman and Kalirajan, 2019). Focusing on solar PV
and WETC goods, this study estimated the determinants of
bilateral trade flows in REG among the APT countries for the
period 2012–2019 using a gravity model and cross-country panel
data. We found that the GDP of both exporting and importing
countries, the economic freedom of the exporter, trade
agreements, and membership of trade associations all
significantly stimulated bilateral trade, while geographical
distance between trading partners had a significantly negative
effect. A comparison of China’s potential exports to ASEAN plus
Japan and South Korea with its actual exports revealed that there
is great potential for increasing China’s future exports of REG.

We believe that the findings of this study will be useful from a
policy perspective. In this respect, the APT countries could

TABLE 6 | Separately estimated results for solar PV and WETC goods.

Natural logarithm of
variables and dummy
variables

Solar PV WETC

RE Pooled
OLS (Robustness check)

RE Pooled
OLS (Robustness check)

lnGDPi 1.857*** 1.280*** 1.515*** −0.653
(0.547) (0.413) (0.569) (0.437)

lnGDPj 1.193*** 1.242*** 1.208*** 1.137***
(0.373) (0.215) (0.376) (0.195)

lnDISCap −3.244*** −3.379*** −3.186*** −3.161***
(0.516) (0.235) (0.543) (0.247)

COMlang 0.442 0.223 0.687 0.348
(0.874) (0.390) (0.941) (0.414)

lnPopi −0.195 −0.039 −1.019** −1.048***
(0.386) (0.187) (0.411) (0.198)

lnPopj 0.258 0.142 0.329 0.432**
(0.322) (0.163) (0.342) (0.171)

lnECi 1.076 1.555*** 2.299*** 4.541***
(0.657) (0.471) (0.688) (0.498)

lnSEOutj 0.065 0.156**
(0.066) (0.064)

lnWEOutj −0.084 −0.093**
(0.076) (0.043)

lnExc −0.027 −0.057* −0.063 −0.076**
(0.073) (0.033) (0.078) (0.035)

lnEFWi 6.781** 12.210*** 6.581** 19.160***
(2.781) (1.770) (2.844) (1.873)

lnEFWj 2.080 2.715* 3.066 5.772***
(2.685) (1.519) (2.784) (1.619)

RTA 5.845*** 6.353*** 5.302*** 5.229***
(1.931) (0.868) (2.054) (0.921)

APEC 2.707*** 2.475*** 3.575*** 3.529***
(0.788) (0.365) (0.824) (0.386)

cons. −84.300*** −89.490*** −83.250*** −87.520***
(11.41) (6.372) (11.21) (6.171)

R-squared 0.704 0.708 0.715 0.725
Wald/F-test 0.0000 (Wald-test) 0.0000 (F-test) 0.0000 (Wald-test) 0.0000 (F-test)
Obs 1,248 1,248 1,248 1,248

Note: *p < 0.1; **p < 0.05; ***p < 0.01; numbers in parentheses are standard errors.
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facilitate intraregional REG trade by exerting policy efforts focusing
on the key factors determining bilateral REG trade, for example,
promoting economic development, creating and maintaining a
market-based economy, and reducing transportation costs by
improving cross-border transportation systems and distribution
networks. Developing close economic relationships and
strengthening regional integration are also likely to contribute
to regional REG trade because the promotion of effective cross-
border trade requires regional cooperation among countries
(Ratnayake et al., 2011). In this sense, there are grounds for
optimism about the growth prospects for REG trade among
APT countries ever since the 15 Asia-Pacific nations (APT
countries, Australia, and New Zealand), which account for
nearly one-third of global GDP, signed the Regional

Comprehensive Economic Partnership (RECP) agreement in
2020. The resulting strengthening of economic ties,
enhancement of trade and investment-related activities, and
RECP-induced reductions or elimination of tariffs, may all
contribute to a strong boost in the REG trade of the APT countries.

Along with the urgent need to meet GHG emission reduction
targets, the increasing awareness of environmental protection, and
the need to improve regional energy security, the APT countries are
showing a keen interest in making renewable energy more
affordable, accessible, and locally sourced. To this end, the APT
region needs to formulate and implement a comprehensive and
carefully coordinated renewable energy policy package, consisting
of general policies that improve the infrastructural and institutional
frameworks for facilitating the investment, production, and trading

TABLE 7 | Separate regression results for estimating export efficiency and export potential of solar PV and WETC goods.

Natural logarithm of
variables and dummy
variables

Solar PV WETC

RE Pooled
OLS (Robustness check)

RE Pooled
OLS (Robustness check)

lnGDPi 2.765*** 2.800*** 1.705*** −0.287
(0.161) (0.075) (0.551) (0.425)

lnGDPj 1.569*** 1.659*** 1.329*** 1.364***
(0.159) (0.075) (0.175) (0.082)

lnDISCap −3.471*** −3.585*** −3.384*** −3.343***
(0.473) (0.213) (0.515) (0.230)

lnPopi −1.231*** −1.286***
(0.376) (0.185)

lnECi 2.335*** 4.443***
(0.687) (0.501)

lnEFWi 6.542*** 8.121*** 6.390** 18.230***
(2.119) (1.128) (2.799) (1.865)

RTA 6.402*** 6.777*** 5.951*** 5.916***
(1.842) (0.826) (2.008) (0.885)

APEC 2.479*** 2.224*** 3.432*** 3.257***
(0.672) (0.310) (0.759) (0.343)

cons. −95.350*** −101.100*** −75.260*** −76.220***
(7.711) (3.911) (9.600) (5.246)

R-squared 0.702 0.703 0.710 0.719
Wald/F-test 0.0000 (Wald-test) 0.0000 (F-test) 0.0000 (Wald-test) 0.0000 (F-test)
Obs 1,248 1,248 1,248 1,248

Note: **p < 0.05; ***p < 0.01; numbers in parentheses are standard errors.

TABLE 8 | Time trend of the export efficiency values of China’s solar PV exports to ASEAN plus Japan and South Korea.

Country Year

2012 2013 2014 2015 2016 2017 2018 2019

South Korea 0.001661 0.001143 0.000914 0.000761 0.000527 0.000306 0.000167 0.000204
Philippines 0.082821 0.09278 0.105296 0.144851 0.063231 0.02937 0.020622 0.020809
Thailand 0.259271 0.173344 0.136546 0.195519 0.098969 0.040366 0.030782 0.029214
Indonesia 0.207018 0.165239 0.121469 0.117304 0.070776 0.038232 0.029056 0.031867
Vietnam 0.197501 0.168866 0.339706 0.116421 0.078792 0.053926 0.05609 0.108623
Malaysia 0.865769 0.752172 0.472494 0.577304 0.361102 0.244301 0.167425 0.148588
Singapore 1.102393 0.808187 0.708759 0.925339 0.441293 0.260864 0.190742 0.198377
Brunei 0.733241 1.419783 1.455016 0.728302 0.343554 0.112225 3.305963 0.434577
Japan 2.228287 3.375797 3.758604 3.215232 1.861452 1.017233 0.636431 0.558118
Myanmar 5.909532 6.391413 4.335918 4.352041 2.563343 2.117159 0.713582 0.650287
Laos 9.620937 13.69605 9.462474 1.951614 1.32149 1.853202 0.928458 1.073056
Cambodia 14.07764 17.9461 6.423686 8.280929 5.780738 3.305702 1.998319 4.669313
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of REG; trade policies that are conducive to the establishment of a
well-interconnected and integrated regional market and promote
trade in REG and discourage trade in relatively carbon-intensive
goods; investment policies that promote domestic and foreign
investment in the development and production of REG;
financial policies that put a cost on carbon and support trade,
investment, and the utilization of REG; industrial policies that
provide support for research and development of renewable energy
technologies and encourage enterprises to adopt “green”
technologies, and hence gain competitive advantages in
international trade; and, finally, policies to strengthen regional
cooperation in support of REG trade and investment, technology
transfer, adoption and diffusion, harmonization of the many
different sets of national-level policies, and the formulation of
common principles, rules, and standards (Ratnayake et al., 2011).

China, while known for its very large energy consumption and
GHG emissions associated with its rapid economic growth, has
taken a global lead in the development, investment, utilization, and
export of solar PV and WETC goods, mainly as a result of its
awareness of the environmental costs of development and the
urgent need to address these costs (Ratnayake et al., 2011). The
results of our study show that there is much scope for China to
expand REG trade with ASEAN plus Japan and South Korea.
China should promote joint efforts with these countries in order to
further deepen cooperation on the low-carbon economy, tap the
great potential for trade in REG, and strive for a win-win outcome.

Our study had some limitations, however. The bilateral
trade flows of solar PV and WETC goods may have been
affected by factors not captured in this study. Thus, further
research needs to consider technological and infrastructural

development, supportive policies on renewable energy, global
energy market conditions, geopolitical concerns, trade barriers
arising from regulatory and policy regimes, and other macro-
and micro-level factors in order to fully comprehend the
determinants of REG trade flows. In addition, the
classification of REG in cross-border trade is a technical
issue. Using the common six-digit HS codes cannot
sufficiently differentiate whether a product is used for
renewable energy systems. Thus, the categories of solar PV
and WETC goods used in this study were relatively broad and
the HS classification only partially reflected the true trade in
these goods. Future studies need to subdivide the product
categories that are most likely to contain renewable energy
supply technologies to better match the six-digit HS codes for
renewable energy technologies.
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