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Abstract

Purpose –The development of greenmanufacturing has become essential to achieve sustainable development
andmodernize the nation’s manufacturing and production capacity without increasing nonrenewable resource
consumption and pollution. This study investigates the effect of green industrial practices on technical
efficiency for Thai manufacturers.
Design/methodology/approach – The study uses stochastic frontier analysis (SFA) to estimate the
stochastic frontier production function (SFPF) and inefficiency effects model, as pioneered by Battese and
Coelli (1995).
Findings –This study shows that, on average, Thai manufacturing firms have experienced declining returns-
to-scale production and relatively low technical efficiency. However, it is estimated that Thai manufacturing
firmswith a green commitment obtained the highest technical efficiency, followed by those with green activity,
green systems and green culture levels, compared to those without any commitment to green manufacturing
practices. Finally, internationalization and skill development can significantly improve technical efficiency.
Practical implications – Green industry policy mixes will be vital for driving structural reforms toward a
more environmentally friendly and sustainable economic system. Furthermore, circular economy processes
can promote firms’ production efficiency and resource use.
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Originality/value – To the best of the authors’ knowledge, this study is the first to investigate the effect of
green industry practices on the technical efficiency of Thai manufacturing enterprises. This study also
encompasses analyses of the roles of internationalization, innovation and skill development.

Keywords Technical efficiency, Manufacturing, Green production, Stochastic frontier analysis,

Green industrial policy

Paper type Research paper

1. Introduction
Natural resource depletion and ecological degradation have negatively impacted sustainable
global economic growth, thereby propelling a range of policies encouraging a balance
between economic development, social progress, and environmental protection. Developing a
green industry is critical for transitioning to a green economy based on production and
consumption (Dornfeld, 2014). Manufacturing enterprises may participate in the transition to
a green economy by implementing a range of green industry policies requiring adjustments
in their production methods (Anzolin and Lebdioui, 2021).

The Thai government ratified the Johannesburg Declaration on Sustainable Development
in 2002 and theManila Declaration on Green Industry in Asia in 2009 (UNIDO, 2009; Ministry
of Industry, 2013). In addition, the Ministry of Industry has supported industrial
organizations to achieve their Green Industry Certificates since 2010 (Ministry of Industry,
2013). The five levels of Green Industry Certificates are as follows:

(1) 1st Level – Green Commitment: A firm can demonstrate its commitment by
communicating its policies, goals, and action plan within the organization;

(2) 2nd Level –Green Activity: Involves implementation of the policy commitments from
Level 1;

(3) 3rd Level – Green System: Entails systematic environmental management, including
monitoring, assessment, and review for continuous improvement, as well as a notable
environmental awards, certificates, and accreditation;

(4) 4th Level –Green Culture: The firm collaborates with employees at all organizational
levels to adopt an environmentally friendly setting in all parts of its operations;

(5) 5th Level –Green Network: The firm demonstrates that it has incorporated its supply
chain network, corporate partners and/or allies into its green industry umbrella.

Thailand has also prioritized climate action activities in response to COP 26. Being one of the
top ten nations most affected by climate change, Thailand has pledged to reach carbon
neutrality by 2050 and net-zero greenhouse gas emissions by 2065 (Ministry of Foreign
Affairs, 2021).

Nevertheless, Thailand’s green industry’s adoption rate is relatively low, and especially so
for SMEs (Noranarttakun and Pharino, 2020). As of May 2021, only 39,470 green industry
certifications have been issued, accounting for 28.22% of the total registered factories.
Approximately half of the certifications (14.91% of factories) were for green commitments
only, with a further quarter (7.14% of factories) receiving green activity certification. Less
than one percent of factories were certified with green culture or networks, with the
remainder (5.77% of factories) receiving green system certification (Department of Industrial
Works, 2021).

Even though the manufacturing sector’s productivity growth is relatively high compared
with other sectors due to its advanced labor-replacing technology, Thailand still has
substantially lower productivity growth than developed countries and some developing
economies (Chuntongvirat, 2020). Some recent empirical studies have established a positive
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association between green supply chain management and firm performance, as reviewed in
Section 2. However, these empirical studies have yet to examine the impact of green
manufacturing practices on technical efficiency, especially in the case of Thailand. Therefore,
it is critical to examine whether Thai manufacturers adopting various levels of green
production practices will enhance their technical efficiency. This study aims to fill the gap in
the existing literature by examining the effect of green production practices on the technical
efficiency of Thai manufacturers.

2. Literature review
Developing green industries is critical for transitioning to a green economy based on
environmentally friendly production and consumption (Dornfeld, 2014). Several recent
empirical studies have found a positive association between green supply chain
management/green regulation and firm performance (Namagembe et al., 2019; Abdallah
and Al-Ghwayeen, 2019; Hasan and Ali, 2015; Luan et al., 2016; Habib et al., 2020; Cheng et al.,
2020; Jiang et al., 2020; Li and Ouyang, 2020;Wang et al., 2020). For instance, Luan et al. (2016)
classified green activities into (1) ISO 14000, (2) green processes, (3) pollution prevention, and
(4) green certifications and examined their associations with Taiwanese listed firms’
performance in the electronic industry. Their results revealed that firms adopting green
processes performed the best, followed by ISO 14000, pollution prevention, and green
certifications. Other studies have analyzed green activities and technical efficiency but not for
the manufacturing sector. For example, Alexopoulos et al. (2011) examined the association
between environmental performance and technical efficiency for Greek-listed enterprises.
They revealed that having an environmental system certificate (ISO) could increase the
technical efficiency of Greek-listed firms. Similarly, Li et al. (2021) found a positive
relationship between adopting agricultural green production technology (AGPT) and the
technical efficiency of Chinese rice producers.

In addition to examining green production practices, the extant research literature
identifies several other crucial factors anticipated to impact technical efficiency. For instance,
foreign direct investment (FDI) is likely to generate spillover effects for the host country,
consequently enhancing domestic firms’ productivity (Arif-Ur-Rahman and Inaba, 2021). In
addition, FDI is likely to provide its subsidiary firm or the foreign-acquired firm with access
to new technologies and know-how. Hence, a foreign-acquired firm should benefit from a
technology transfer that enhances its competitiveness and increases technical efficiency.
Several empirical studies have examined the impact of FDI on technical efficiency (Wang and
Wong, 2016; Yasin, 2021; Charoenrat and Harvie, 2017; Amornkitvikai and Harvie, 2011; Sur
et al., 2018; Ghali and Rezgui, 2011; Zhang et al., 2014). However, the empirical results from
those studies are inconclusive, with cross-country variations evident.

Exports also play an important role in promoting the technical efficiency of export-
oriented firms via learning-by-exporting experience (Mok et al., 2010; Mengistae and Pattillo,
2004). Export-oriented enterprises have to comply with global standards and foreign clients’
high expectations for product quality and variety, requiring them to improve their
technological capabilities and technical efficiency (Mok et al., 2010). Exporting has also been
positively associated with the enhanced technical efficiency of Thai manufacturing SMEs
(Charoenrat and Harvie, 2014, 2017), as well as suggested that exports are significantly and
positively associatedwith the technical efficiency of Indonesian (Yasin, 2021) andVietnamese
(Ngo et al., 2019) manufacturing firms.

Foreign patents or licensing is also one of the internationalization modes by which firms
seek to expand their revenue in foreign markets (Clark et al., 1997). Domestic firms in the host
country will likely obtain foreign technology transfers from their foreign patents or licenses.
In addition, foreign technology transfer can shorten a firm’s learning curve to achieve
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“leapfrog” in technology (Chan and Daim, 2011). Foreign technology transfer enables
domestic firms to use higher-quality inputs, produce outputsmore effectively, and strengthen
their management practices and capabilities (Chan and Daim, 2011; Lee, 2005). Thus, it
enables them to enhance their technical efficiency due to positive spillover effects (Zhou et al.,
2021). For example, Zhou et al. (2021) revealed that foreign technology significantly enhanced
the technical efficiency of Chinese firms in high-tech manufacturing sectors.

Innovation is expected to improve resource efficiency, leading to sustainable competitive
advantages among innovating firms (Morris, 2018). Innovation via research and
development (R&D) will likely enhance firms’ absorptive capacity, assimilate their
knowledge, and catch up (Morris, 2018). Additionally, a patent grants exclusive rights to
the organization that invented a new product, technique, method, or technical solution. An
organization that can register its patent will likely surpass others in production, especially in
high-tech industries. Several empirical studies have confirmed the positive impact of patents
on technical efficiency (Kumar and Sharma, 2016; Pattnayak and Chadha, 2013; Zou
et al., 2020).

R&D activities are critical drivers of the development of science and technology and play a
critical role in achieving the sustainability of national economic performance and corporate
business (Khoshnevis and Teirlinck, 2018; Zhong et al., 2011). Several empirical studies have
examined the impact of R&D on technical efficiency (Khoshnevis and Teirlinck, 2018; Zhong
et al., 2011; Fahmy-Abdullah et al., 2018, 2021; Singh et al., 2019; Sabli et al., 2019; Kim, 2003;
Bergh€all and Nisar, 2016). Surprisingly, the impact of R&D on technical efficiency has not
been established clearly in the empirical literature.

Human capital accumulation is vital in stimulating economic development and long-term
growth (Ben Jemaa Cherif, 2021). Becker (2009) stated that education and training are the
most critical investments in human capital. Hence, upgrading human capital via employee
training is seen as an essential step to increasing labor productivity (Morikawa, 2021).
Numerous empirical studies have also confirmed the positive impact of training on technical
efficiency (Asfaw, 2021; Fahmy-Abdullah et al., 2018, 2021; Batra and Tan, 2003).

3. Methodology and data
3.1 Methodology
This study utilizes the inefficiency effects model in a stochastic frontier production function
(SFPF) proposed by Battese and Coelli (1995) to examine the impact of green production
methods and other important factors on technical efficiency. This study adopts the one-step
maximum likelihood estimation approach, which simultaneously estimates the SFPF and
inefficiency effect model using Frontier 4.1 software. The single-stage estimation procedure
has been shown to produce more efficient estimates than those acquired through the two-
stage estimation technique (Kumbhakar et al., 1991; Reifschneider and Stevenson, 1991;
Coelli, 1996).

Equation (1) depicts the SFPF incorporating two error terms. First, the idiosyncratic
error (viÞ captures the random variation of the frontier across firms, which is caused by
the exclusion of relevant factors from independent variables (xi), random shocks that are
out of the firm’s control, and estimation errors (Coelli et al., 2005). The idiosyncratic error
term is independently and identically distributed as N (0, σ2

V). Second, the error term (ui),
which is a non-negative random variable, demonstrates the inefficiency effects
compared to the stochastic production frontier. This error term (ui) is considered to be
distributed independently of the idiosyncratic error (vi), and is assumed to be non-
negative (ui ≥ 0).

Qi ¼ xiβ þ ðvi � uiÞ i ¼ 1; . . . ;N; (1)
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where:

Qi is a firm’s production;

xi is a vector of input variables of a firm;

β is a vector of the unknown parameters;

vi are independently and identically distributed unobserved variables, as N (0, σ2V), and
independent of the ui.

ui are non-negative unobserved variables caused by the production’s technical
inefficiency and are assumed to be iid. as N (0, σ2

V). In accordance with the model
proposed by Battese and Coelli (1995), the appropriateness of the functional form of the
SFPF may be assessed by conducting tests on Equations (2) and (3).

The Equation for the Cobb–Douglas SFPF is given as:

LnðQiÞ ¼ β0 þ β1 lnðLiÞ þ β2 lnðKiÞ þV i −U i (2)

The Equation for the Translog SFPF is given as:

LnðQiÞ ¼ β0 þ β1 lnðLiÞ þ β2 lnðKiÞ þ 1

2
β
3
ln
�
L2

i

�

þ 1

2
β
4
ln
�
K 2

i

�þβ5 lnðLiÞ * lnðKiÞþV i –U i (3)

where:

Qi 5 A firm’s value-added

Li 5 A firm’s employees

Ki 5 A firm’s net fixed assets

V i 5 Random error (V i ∼N ð0; σ2
V ))

U i 5 Non-negative random variable (or technical inefficiency) (U i ∼N ðZiδ; σ2
u))

The technical efficiency effects (ui) in the stochastic frontier model can be specified in
Equation (4) as follows:

U i ¼ Z iλþ ei (4)

The random variable ei is defined as the truncation of a normal distribution with a mean of
zero and a variance of σ2. The truncation point is set at -Ziλ, implying that ei is greater than or
equal to -Z iλ. Moreover, it can be observed that these assumptions alignwith the fact that U i

is a non-negative truncation of the N(Z iλ; σ2Þ distribution (Battese and Coelli, 1995).
Following Equation (4), the inefficiency effect model using the one-step maximum likelihood
estimation approach is given as

Ui ¼ σ0 þ σ1Mediumi þ σ2Largei þ σ3FDI i þ σ4BOI i þ σ5Exporti þ σ6R&Di

þ σ7Trainingi þ σ8Patenti þ σ9ForeignOEMi þ σ10Municipali þ σ11Firm agei

þ σ12Greeen commitmenti þ σ13Green activitiyi þ σ14Green systemi

þ σ15Green culturei þ σ16Green networki þ σ17Bangkoki þ σ18Centrali

þ σ19Northerni þ σ20Southi þWi

(5)
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In addition, technical efficiency scores can be predicted by Equation (4) (Coelli et al., 2005).

TEi ¼ yi

exp ðx0β þ viÞ ¼
exp ðx0β þ vi � uiÞ

exp ðx0β þ viÞ ¼ expð−uiÞ (6)

According to Equation (6), the predicted technical efficiency (TEi) value is between zero and
one. A firm achieves its maximum feasible outputYi if and only if TEi5 1. TEi < 1 indicates
the shortfall of observed output from the maximum feasible output (Coelli et al., 2005).

3.2 Data
The 2017 Thai Industrial Census was employed to estimate the SFPF and inefficiency effects
of 118,639 Thai manufacturers. The 2017 Thai Industrial Census is the most updated data
source and is collected by the National Statistical Office (NSO) every ten years. Unlike the
2007 Industrial Census, questions regarding the levels of green industrial certification that
Thai manufacturers can receive are addressed in the 2017 Industrial Census. Nevertheless,
this study could only utilize data for 31,167 firms due to missing data when calculating the
output (value-added) and input (capital and labor) variables and other factors affecting
technical inefficiencies, as shown in Equations (2) and (3). The definition of the variables and
data descriptive statistics are contained in Tables A1 and A2 [1]. The Pearson Correlation
Matrix provides the correlations between each pair of variables in this study, as shown in
Table A3 [1]. Low values of the Pearson Correlation are observed for each pair of variables.
Furthermore, the mean variance inflation factor (VIF) value was 1.36, which is less than 10, as
displayed in Table A4 [1]. These results indicate that multicollinearity was not present in this
study. The details for all Thai sub-manufacturing industries 1 to 9 are listed in Table A5 [1].

4. Robustness tests
Four null hypotheses are examined to assess the validity of the SFPF and the inefficiency
effects model (Amornkitvikai and Harvie, 2011; Coelli et al., 2005; Charoenrat et al., 2013; Tran
et al., 2008; Kim, 2003). A likelihood-ratio test (LR test) is used to test these hypotheses as
follows:

λ ¼ −2flog ½LðH0Þ� � log ½LðH1Þ�g (7)

where log ½LðH0Þ� and log ½LðH1Þ� are obtained from the maximized values of the log-
likelihood function under the null hypothesis (H0) and the alternative hypothesis (H1),
respectively. Following Equation (3), the null hypothesis ðH0 : β3 ¼ β4 ¼ β5 ¼ 0Þ is tested to
examine the validation of the Cobb–Douglas production function, as revealed in Table A6 [1].

The null hypothesis ðH0 : β3 ¼ β4 ¼ β5 ¼ 0Þ is statistically rejected at the 1%
significance level for Thai manufacturers, encompassing all sub-manufacturing industries.
Hence, the Translog production function is the adequate functional form in this study,
compared to the Cobb Douglass production function. From Table A6 [1], given the
specification of the Translog production function, the second null hypothesis
(H0 : γ ¼ σ0 ¼ σ1 ¼ σ2 . . . ¼ σ18 ¼ σ19 ¼ σ20 ¼ 0Þ, defines the lack of a technical
inefficiency effects model indicated by equation (5), is statistically rejected. This indicates
that the model of inefficiency effects applies to this investigation. In addition, the third null
hypothesis (H0 : γ ¼ 0Þ is statistically rejected at the 1% significance level, implying that the
inefficiency effects model cannot be reduced to a typical mean response function. Finally, the
last null hypothesis ðH0 : σ1 ¼ σ2 ¼ σ3 . . . ¼ σ18 ¼ σ19 ¼ σ20 ¼ 0Þ, which specifies that at
the 1%significance level, the hypothesis that inefficiency effects are not linearly explained by
all independent factors is statistically rejected for manufacturing firms as a whole,
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encompassing all sub-manufacturing sectors. FromTable 1, the estimated (γ) is 0.7532, which
is moderately high for the Thai manufacturing sector. This demonstrates that the variance in
the composite error term is primarily attributable to inefficient components.

5. Empirical results
For the inefficiency effects model indicated in Tables 1 and 2, a negative sign of the estimated
coefficient of an independent variable indicates its positive impact on technical efficiency. This
study has found that the production of Thai manufacturers, including all sub-manufacturing
sectors, illustrates decreasing returns to scale (DRS) due to the estimated returns to scale being
less than one, as shown inTables 1 and 2 This result shows that the production process of Thai
manufacturers becomes less efficient as their output increases, which can occur when a firm
becomes too large to be effectivelymanaged as a single unit. In addition, themean value ofThai
manufacturing firms’ technical efficiency is 0.67 (67%). Due to the positive estimation of output
elasticity for labor in the Translog production function, Thai manufacturing enterprises rely
heavily on labor-intensive production instead of capital-intensive production.

This result implies that Thai manufacturers employ more labor than capital during
production. This evidence is consistent with the previous findings of Charoenrat and Harvie
(2014) and Charoenrat and Harvie (2017) for the case of Thai manufacturing SMEs.

For the inefficiency effects model, this study found that firms that engage in green
manufacturing play a vital role in enhancing their technical efficiency, including those in all
sub-manufacturing sectors. This result shows that green manufacturing techniques will likely
reduce costs associated with input materials, waste disposal and discharge, energy
consumption, and fines or penalties related to environmental disasters (Afum et al., 2020).
More specifically, Thaimanufacturing firmswith green commitment (the first green level) have
the highest technical efficiency due to the highest negative coefficient, followed by those with
green activity (the second green level), those with green systems (the third green level), and
those with green culture certifications (the fourth green level) compared to those without any
involvement in green manufacturing practices. In addition, all manufacturers with a green
network (the fifth green level), including industries 1,2,3,5, and 6, are not associated with
technical efficiency. The green network is statistically and positively correlated with technical
efficiency for industrial companies in sectors 4 and 7 only.

The results from this study are also consistentwith the findings ofAlexopoulos et al. (2011)
and Li et al. (2021), who found a positive association between green activities and technical
efficiency. This indicates that Thai manufacturers who receive at least the green commitment
certification (the first green level) can use the green industry logo to promote and advertise
their products (Ministry of Industry, 2013). In addition, adopting a more green-friendly
technology also potentially and technologically assists efficiency and competitiveness. This
result suggests that achieving a more eco-friendly economy is essential in improving
Thailand’s firm efficiency and competitiveness and addressing its middle-income trap. In
addition, manufacturing firms obtaining at least the green system certification (the third
green level) are equivalent to those receiving ISO 14001. They are eligible for tax incentives if
investment projects are valued at more than 10 million baht. They can also transport waste
from the facility (Ministry of Industry, 2013). Those who receive at least the green culture
certification (the fourth green level) can use the “ThailandTrustMark” logo on their products.
This can help promote the reliability of their products in international markets.

Moreover, FDI positively contributes to higher technical efficiency levels for Thai
manufacturing firms, including industries 2, 3, 6, and 7. The positive evidence between FDI
and technical efficiency implies that FDI is expected to provide its subsidiary or foreign-acquired
business with access to new technology and knowledge. Consequently, the acquired foreign
businesswill gain froma technology transfer that enhances its competitiveness, resulting in better
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technical efficiency. This result is similar to that of Sur et al. (2018) and Ghali and Rezgui (2011).
Exports are significantly and positively associated with Thai manufacturers’ technical efficiency,
including those in industries 1, 2, 3, 4, and 7. Positive evidence between exports and technical
efficiency suggests that exporting manufacturers tend to have greater technical efficiency than
those that do not export due to economies of scale and scope. Moreover, export-oriented
businesses are required to produce goods that meet international standards, including
environmental standards, and the high expectations of foreign customers regarding product
quality and variety, compelling them to improve their technological capabilities and,
consequently, technical efficiency. This study’s positive evidence is consistent with previous
empirical evidence (Charoenrat and Harvie, 2014, 2017; Sur et al., 2018; Ngo et al., 2019; Yasin,
2021). Due to the spillover effects of adopting high technology from abroad, especially those in
industry 3, foreign technology transfer (through foreign patent/licensing) is firmly and favorably
associated with Thai manufacturing enterprises’ technical efficiency. It also enables Thai
manufacturing firms to utilize higher-quality inputs, produce outputs more efficiently, and
enhance theirmanagementpractices and capabilities. In addition, it can shorten the firms’ learning
curves and achieve their technology leapfrog. As a result, adopting foreign high technology
enables them to increase their technical efficacy due to spillover effects. This evidence is similar to
the findings of Zhou et al. (2021). Furthermore, innovation (via R&D) is found to help Thai
manufacturers improve their technical efficiency, including those in industries 1 and 6. Innovation
through research and development (R&D) will likely enhance lagging firms’ absorptive capacity
and knowledge assimilation, resulting in greater technical efficiency (Morris, 2018). This positive
finding is similar to that ofBergh€all andNisar (2016) andDilling-Hansen et al. (2003). Nevertheless,
the patent is not a significant factor in promoting technical efficiency in this study.

More importantly, skills development (via employee training) significantly enhances Thai
manufacturing firms’ technical efficiency, including all sub-sectors. This can help workers
improve their skills to perform several tasks and prepare for new technologies employed by their
organizations (Batra and Tan, 2003). This favorable evidence implies that skills development
contributes to the enhancement of human capital within an enterprise, resulting in increased
technical efficiency due to the improvement of employees’ knowledge, skills, and abilities.
Additionally, worker training programs can enhance employees’motivation, familiarizationwith,
and commitment to their organization’s tasks. This positive finding in this study is consistent
with that of previous findings by Batra and Tan (2003) and Fahmy-Abdullah et al. (2021).

Moreover, Thaimanufacturing firms, including those in industries 1,3,4,5, and 6 that receive
government assistance via the BOI, are more technically efficient than those without
government assistance. This empirical result is again similar to previous studies (Charoenrat
andHarvie, 2014, 2017; Tran et al., 2008). This study also indicates that business size has a solid
and favorable associationwith technical efficiency. Large firms, including those in industries 2,
3, and 4, will likely have the highest technical efficiency, followed by medium and small firms.
This study also indicates that large manufacturers, such as those in industries 2, 3, and 4, will
likely be the most efficient, followed by medium and small businesses. This research indicates
that larger companies have greater technical efficiency due to economies of scale and scope
(Charoenrat et al., 2013). Similarly, older organizations, including those in industries 1, 3, 4, 5,
and 6, will likely have greater technical efficiency due to their learning-by-doing process and
increased management abilities acquired over their years of operation (Charoenrat et al., 2013).

Finally, Thaimanufacturing firms in Bangkok, including those in industries 1,2, 3, 5, and 7,
have the highest technical efficiency, followed by central, south, northern, and northeastern
regions. This evidence implies exacerbating the country’s rural-urban income, unemployment,
and infrastructure development divide (Charoenrat et al., 2013). Moreover, this evidence is
consistent with the empirical results of (Charoenrat et al., 2013), Charoenrat and Harvie (2014),
and Charoenrat and Harvie (2017) that location in urban regions and Bangkok is essential
for boosting the technological effectiveness of Thai manufacturing companies.
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6. Conclusions and policy implications
The findings from this study are vital as themanufacturing sector remains a crucial engine to
Thailand’s future economic growth and employment generation, and thus addressing its
middle-income trap. A concerning finding from the present research is that of decreasing
returns to scale (DRS) and low technical efficiency across sub-manufacturing sectors and
enterprises. In other words, on average, Thai manufacturers’ production process becomes
less efficient as their output increases. Furthermore, the production of Thai manufacturers
remains predominantly labor-intensive and relatively low-skill intensive. Policy implications
from these findings are that workers in the manufacturing industry should have access to
skill development programs. However, each sub-manufacturing sector should be targeted
explicitly with distinct skill-upgrading activities.

The crucial finding from the present research is that green industry practices, mainly
green commitment, green activity, green system, and green culture, can assist Thai
manufacturing firms in improving their technical efficiency. That is, the production of
manufactured goods through cost-effective processes that minimize adverse environmental
impacts and conserve energy and natural resources, can also result in greater technical
efficiency. Additionally, green industry practices contribute to sustainable manufacturing
practices, and enhance worker, community, and product safety. However, the effectiveness of
green activities and policies vary by industrial sector or activity. Consequently, a one-size-
fits-all approach may not be appropriate and must be sector-specific.

Therefore, green industry policy mixes combining market-based instruments,
institutional support, financial mechanisms, regulations, capacity building, subsidies, and
other integrated government measures should be continuously implemented and adapted for
Thai manufacturers (Altenburg andAssmann, 2017). The task of protecting the environment
and promoting competitiveness, industrial growth, and job creation within a country is a
complex one. Therefore, implementing policy mixes becomes crucial to fostering the
development of the green sector in Thailand (Altenburg and Assmann, 2017). Environmental
fiscal adjustments, including differential tax rates, helpThai clean-productionmanufacturers
compete. To encourage Thai manufacturers to embrace clean production processes, the
government should provide financial and institutional support. Clean technology can be
transferred to all sub-manufacturing sectors.

Other findings from this research showed that FDI, exports, foreign technology, research
and development, and BOI can also substantially improve the technical efficiency of
Thai manufacturing. As FDIs also contribute new foreign technology and know-how to Thai
manufacturers, emphasis should be placed on FDI promotion policies for Thai
manufacturers. Policies which encourage Thai firms to export and invest more in R&D are
required in order to promote sustainable manufacturing. Technical efficiency is essential for
exporters to compete with global enterprises. Learning by exporting could additionally
enhance technical efficiency for such organizations. Research and development policies can
also help Thai manufacturers improve technical efficiency. Finally, the Board of Investment
(BOI) should offer government incentives for Thai manufacturers to boost their technological
efficiency. This should be undertaken with caution when embracing BOI investment
incentives, as their success comes at a high cost, especially in terms of foregone income to the
government [See Jongwanich and Kohpaiboon (2020)].

7. Limitation and future studies
Due to a lack of detailed data in the 2017 Thai Industrial Census, almost all independent
variables used in this study are categorical (dummy), with the exception of FDI. Therefore,
categorical variables may be more informative than dummy variables. In future studies,
continuous variables should be included if appropriate data are available.
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Note

1. Please see it in the Online Appendix.
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