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Abstract. Environmental innovation (EI) plays a critical role in helping a country pursue sustainable development, while green foreign direct 
investment (GFDI) impacts creative local green innovation. However, there is a lack of research on this link. This paper aims to conduct an empirical 
investigation into how GFDI affects EI. The estimation findings demonstrate that GFDI has had positive effects on EI—by applying multiple 
econometric methods, including a panel-corrected standard error modelling (PCSE), a feasible generalized least squares model (FGLS), and 
autoregressive distributed lag (ARDL) model, to a globally representative sample of 15 European countries between 2012 and 2021. To clarify the 
connection between GFDI and EI, we present examples of the effects of the latter in both the short and long term. The results show that GFDI has an 
important beneficial impact on the environment for early-stage investments in the short term. Notably, our findings indicate that GFDI’s long-term 
effects are more likely to be favorable. Furthermore, we analyze interactions between variables representing institutional quality and the impact of 
GFDI on EI. Our findings suggest that the positive effects of GFDI may be greater in nations with highly developed institutional systems.  
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1. Introduction 

Over the past several decades, foreign direct investment 
(FDI) has significantly impacted the technical innovation 
landscape of host nations, especially when it comes to 
manufacturing advanced and high-tech products (Shao et al., 
2023). FDI is acknowledged as a key contributor to employment 
and economic growth, in addition to its function in transferring 
technology to host countries. Nonetheless, there is rising 
concern about the possible negative environmental effects of 
FDI (Adebanjo & Akintunde, 2024; Ali et al., 2022; Chen et al., 
2023; Martín-Ortega et al., 2024; Oje, 2024; Raihan, 2024; Shao 
et al., 2023; Yassine et al., 2024). Due to their weak 
environmental regulations, industrialized countries relocate 
their polluting factories and establish offices in developing 
countries, which results in environmental degradation in the 
host developing countries, establishing a negative nexus 
between foreign direct investment and environmental quality. 
Although FDI improves industrial processes and benefits host 
nations economically, the environmental implications of these 
operations are recognized (Ali et al., 2022; Chen et al., 2023; 
Ioanna et al., 2022; Kyriakopoulos et al., 2023; Sebos et al., 2016). 
Governments have taken action in response to these worries 
due to the ecological impact of FDI, especially with regard to 
production processes. As a result, many countries are 
aggressively pushing green innovation as a calculated move to 
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lessen the negative environmental effects of FDI-related 
industrial production processes (Ali et al., 2022). 

In host economies, green or environmental innovation (EI) 
is essential for reducing CO2 emissions and promoting 
environmental sustainability. Interestingly, multinational 
companies frequently use more ecologically friendly production 
processes than their local counterparts in developing nations 
(Al-mulali et al., 2015; Losada-Puente et al., 2023; 
Papadogiannaki et al., 2023; Progiou et al., 2023). All forms of 
innovation, both technological and non-technological, that 
create business opportunities and benefit the environment by 
reducing their impact or by optimizing resource use are 
considered eco-innovation. As a result of the use of natural 
resources, the production and consumption of goods, as well as 
the concepts of eco-efficiency and eco-industry, eco-innovation 
is closely related to all of these concepts. Manufacturing 
businesses can benefit from the shift from end-of-pipe solutions 
to closed-loop approaches that minimize material and energy 
flows by changing products and production methods - giving 
them a competitive advantage. Green innovation is a desirable 
endeavour for developing countries looking for environmentally 
friendly technologies and production methods because of its 
significant capacity for addressing environmental issues (Guo et 
al., 2021). Before these types of technologies are able to achieve 
positive environmental outcomes, they must first undergo a 
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period of acceptance, commercialization, and positive diffusion 
(de Souza et al., 2019; Mehrad et al., 2021; Pavolova et al., 2021).  

Environmental sustainability has become a critical 
worldwide policy issue, especially for developing countries 
whose ecosystems are susceptible (Jackman & Moore, 2021; 
Sebos et al., 2016). The emphasis on environmental 
sustainability means that consistent efforts are required to 
safeguard and preserve ecological resources (Guo et al., 2022). 
The importance of environmental sustainability has been 
highlighted in recent international talks and debates, which have 
been sparked by pressure for environmental protection from 
both domestic and foreign sources (Murshed et al., 2020). 
Historic accords such as the Paris Agreement emphasize 
dedication to the preservation of biodiversity. Due to increased 
awareness of the damaging effects that non-renewable energy 
sources have on the environment, there is a desire for alternate 
and renewable energy sources (Balsalobre-Lorente et al., 2022; 
Bouyghrissi et al., 2022). As part of the worldwide commitment 
to sustainable development and environmental stewardship, the 
United Nations 2030 Agenda for Sustainable Development 
Goals actively encourages FDI in renewable energies. 

There are several drawbacks to empirical research (Kok & 
Acikgoz Ersoy, 2009; Lu et al., 2017; Mwakabungu & Kauangal, 
2023), including the following: i) case studies and national 
surveys are the main sources of information showing how 
multinational enterprises (MNEs) influence regional EI; ii) 
research on whether the “greenness” of FDIs effectively 
increases regional EIs is lacking; iii) the mechanisms through 
which GFDI influences the region’s capacity for expertise in 
ecological technologies are understudied; iv) more research is 
needed to assess whether green FDI (GFDI) can act as “sources 
of structural change” in the sustainable domain and facilitate the 
region’s transition to a green economy; and v) FDIs’ interactions 
with other drivers of the geographical area of ecological 
innovation and their possible impact on the typical place 
dependence of the sector need to be examined more closely (De 
Marchi et al., 2020; Marchi et al., 2019). 

This current research is unique in that it focuses specifically 
on the connection between GFDI and green innovation, 
particularly in the context of European countries. As far as we 
are aware, no previous research has utilized dynamic panel 
frameworks to investigate the connection between green 
innovation and GFDI. Another contribution of this paper is to 
analyze the critical role of institutional quality in moderating the 
nexus between GFDI and EI. In this paper, we aim to address 
the following queries: (i) In what ways does GFDI encourage the 
adoption of green innovation within the European Union (EU)? 
and (ii) What policy recommendations are there to assist EU 
nations in attracting more GFDI and utilizing it to support the 
implementation of green innovation successfully?  

The utilization of a system-generalized technique for 
moments to evaluate these models is a suitable strategy that has 
not been used before in this field. In the literature, many 
scholars have indicated the existence of cross-sectional 
dependence issues in the dynamic panel data. Employment of a 
traditional empirical approach will lead to biased results 
(Bouyghrissi et al., 2022; Canh & Dinh Thanh, 2020; Khan et al., 
2023; Thanh et al., 2022; Zakari et al., 2023; Zakari & Khan, 
2021). With the use of this technique, we can deal with the 
model misspecification bias and potential endogeneity resulting 
from simultaneity, two problems that have not been sufficiently 
addressed in previous research. After examining stationarity 
and cross-sectional dependence, we used a panel-corrected 
standard error modelling (PCSE) structure to estimate the 
connection between green innovation implementations and 

GFDI. Our results were further supported by considering 
heteroscedasticity and using the practical generic least squares 
model (FGLS). The aggregated mean groups estimator (PMG) - 
autoregressive distributed lag (ARDL) model was utilized to 
assess the influence over the short- and long-term periods. Prior 
research conducted by Nham and Ha (2022), Ha (2022a, 2022b, 
and 2022c) and Thanh et al. (2022) show that the PMG-ARDL 
approach can successfully handle problems about time- and 
country-fixed effects. 
 
2. Literature review and hypothesis development 

2.1. A review of the theoretical research  

2.1.1. Definitions and measurements of GFDI 

Defining GFDI is critical because it allows policymakers 
and stakeholders to assess the extent to which FDI helps 
achieve environmental goals and develop strategies for 
fostering environmentally responsible financial flows (OECD, 
2011). GFDI, according to UNCTAD’s 2008 definition, includes 
investments that either (1) conform to stricter environmental 
requirements than those imposed by host-country legislation or 
(2) are aimed toward the creation of environmental goods and 
services (EGS). This term effectively addresses how and what is 
produced, encompassing both the procedures utilized during 
manufacturing as well as the kinds of goods and services that 
are produced. While various definitions of GFDI share the 
notion of EGS as a classification for environmentally friendly 
products and services, the first component of the UNCTAD 
definition, which stresses higher environmental requirements, is 
not widely used in other methods.  

Low-carbon foreign investment is included in green 
foreign direct investment (GFDI), according to the 2010 
UNCTAD World Investment Report, “Investing in a Low 
Carbon Economy.” Multinational enterprises (MNEs) engage in 
equity (FDI) and non-equity forms of involvement to transfer 
technology, processes, or goods to host countries. This 
approach emphasizes the viewpoint that the production of solar 
panels or electric car batteries, for example, should be regarded 
as “green” because of their long-term contributions to global 
emissions reduction, even if immediate or localized negative 
environmental consequences are associated with their 
production (OECD, 2011). 

Furthermore, the notion is not restricted to certain firms 
or industries, such as renewable energy or waste disposal. 
Instead, it is determined by the performance of an economic 
activity, in contrast to a business-as-usual climate. Although this 
strategy adds complexity to operationalization by requiring the 
estimation of ongoing operations utilizing FDI figures at the 
project, sector, or facility level, it highlights the fact that 
achieving green development necessitates a comprehensive 
economic change. Because of the methodological hurdles 
inherent in determining low-carbon FDI based on this definition, 
UNCTAD’s estimate in the same research employed a narrower, 
sector-based methodology. Greenfield FDI was focused on 
recycling, energy from renewable sources, and environmentally 
friendly manufacturing in order to assess low-carbon FDI flows. 

The Organization for Economic Co-operation and 
Development (OECD) defines green investment as follows: (a) 
investments in a transfer of substantial assets (for example, 
through privatization); (b) sustainable natural resource and 
service management (forests, fisheries, nature-based tourism, 
wildlife, water security, soil productivity, and minerals); and (c) 
environmental products and services, including throughout 
entire parts of green value chains (e.g., convention). This idea 
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spans a broader variety of activities than UNCTAD’s definition 
of low-carbon FDI. However, due to the complexity involved in 
defining activities that qualify as “sustainable resource 
management,” the OECD does not disclose GFDI estimates 
based on this criterion (OECD, 2011). 

2.1.2. Theoretical foundations 

Over the past few decades, several theoretical models 
have been developed to clarify the connection between 
environmental degradation and global financial activity. One of 
the first structures of this kind was created by Pethig (1976), 
who added a pollution variable to the traditional Ricardian 
framework for comparative advantage. 

McGuire (1982) added the environment as another 
component of production to the conventional Heckscher–Ohlin 
model. This model illustrates how factors of production can shift 
from economies with tougher rules to those with more lenient 
laws as a result of individual or uncoordinated reinforcement of 
environmental standards. The theory of pollution havens, which 
addresses carbon dioxide emissions in agriculture as well, is 
based on this theoretical paradigm. The growing acceptance of 
carbon pricing schemes, especially in industrialized nations, is 
one illustration of this (World Bank, 2018). These programs 
increase the price of fertilizer and electricity, two important 
agricultural inputs (Kyriakopoulos et al., 2023; Meng, 2015; 
Progiou et al., 2023). Producers who are not able to adjust by 
raising energy effectiveness may be encouraged to move their 
operations to nations without carbon pricing schemes to avoid 
higher operating costs. Assuming that current agricultural 
enterprises have less emission-intensive manufacturing, this 
might potentially result in an upsurge in the host nation’s 
emission levels (Kyriakopoulos et al., 2023; Sebos et al., 2016). 
Another possibility calls for laxer forest protection laws, which 
may encourage investment and agricultural growth, while 
increasing emissions from altered land use. Finally, emission-
intensive agricultural production sectors, such as rice or 
livestock raising, may become especially attractive to foreign 
investors who broaden these sectors in the host country due to 
beneficial laws and incentives in some countries. This would 
ultimately increase the agricultural sector’s carbon dioxide 
emission intensity. 

Copeland & Taylor (2013) established the foundation for a 
theoretical structure that evaluates the influence of trade and 
FDI on environmental deterioration. This model is frequently 
used as the foundation for empirical investigation reviewing the 
interaction between FDI and polluted outputs, as is the case in 
this research, and it can be expanded to handle the issue of 
greenhouse gas releases. This paradigm states that changes in 
three important areas, the size and content of economic activity, 
as well as the methods of production, will have an impact on 
how GFDI and commerce affect the environment. Because of 
the increased production brought about by GFDI inflows, the 
host nation experiences increasing environmental deterioration, 
which is correlated with the level of financial activity. Regardless 
of potential differences in technology and emission levels 
between foreign and local farmers, the increase in agricultural 
output results in elevated emissions in absolute terms since it is 
a cause of pollution releases. 

2.2. The type of FDI that comes in and how it affects local green 
technology specialization 

It is challenging to forecast the overall influence of the 
wide range of GFDI on local EIs. This ambiguity is reflected in 
the empirical research that is currently available, most of which 

focuses more broadly on how GFDIs affect environmental 
performance, including emissions, rather than on EIs in 
particular (Zugravu-Soilita, 2017; Cole et al., 2017). According to 
the literature, MNEs may adopt various strategies. For example, 
they may look for areas with lax environmental regulations, 
which could negatively impact the ecological performance of 
the host economy, or they may seek out regions where they can 
transfer sustainable methods and technologies through their 
subsidiaries abroad. The literature emphasizes that while 
receiving countries are typically the centre of attention rather 
than particular regions, it is impossible to predict how FDIs will 
impact the ecological performance of host countries (Adebanjo 
& Akintunde, 2024; Oje, 2024; Raihan, 2024). This uncertainty 
might also apply to regional developments in green 
technologies. The complex relationship between the various 
tactics used by regional MNEs (De Marchi et al., 2020) and the 
unique regulatory framework and green skills of the locations 
(Montresor & Quatraro, 2020) makes it difficult to draw firm 
conclusions about how inward FDIs will impact regions’ 
capacity for expertise in environmental technologies by either 
increasing or decreasing their green knowledge base. 

Focusing on what recent literature refers to as “GFDIs,” 
taking into account the long-term effects of the technologies 
and/or industries associated with FDIs, seems to make the role 
of FDIs in promoting local EIs less uncertain (Greeninvest, 
2017). Compared to non-GFDIs, GFDIs might have a bigger 
direct influence on the development of environmental 
technology locally. It may be more successful for MNEs to 
invest in non-environmental industries or technology to 
encourage the region to pursue alternative, non-green 
specializations (Rastogi & Sawhney, 2015). However, if foreign 
MNEs’ subsidiaries consistently exhibit greater innovativeness, 
even in the environmentally friendly domain (Castellani et al., 
2022), GFDIs could more significantly boost regional eco-
innovativeness. Additionally, GFDIs could indirectly improve 
regional eco-innovativeness by having a spillover effect on the 
creativity of local (regional) enterprises, including distributors, 
customers, and competitors (Crescenzi et al., 2015). However, 
as with the evidence on their overall regional impact—the 
subject of this paper—the evidence on these possible effects of 
GFDIs is scant, inconsistent, and fragmented. First of all, as 
various factors in the home and host countries can affect this 
relationship, it is unclear how directly FDIs affect domestic 
green innovation (Noailly & Ryfisch, 2015; Tatoglu et al., 2014). 
Second, a few studies (Cainelli et al., 2012; Dechezleprêtre & 
Glachant, 2014) have suggested that innovative activities by 
foreign companies in green fields may indirectly boost the 
sustainability of domestic companies. However, this also 
depends on particular situations (Rezza, 2013; Singhania & 
Saini, 2021), raising questions about the research findings.  

The importance of consistency in expertise patterns with 
the understanding profile of regions has been extensively 
emphasized in the literature on regional technical specialization 
and diversification. Prior research indicates that new 
environmental technologies are developed in a place-
dependent manner, similar to other technologies, using 
expanding methods from prior technologies, which are more 
hazardous and less expensive than other processes (Santoalha 
& Boschma, 2019; Montresor & Quatraro, 2019). In conclusion, 
the cognitive proximity or relatedness of a regional ecologically 
friendly technology to existing technologies in the local 
knowledge base promotes its regional specialization. Several 
studies in this field of literature have discovered variables that 
might either strengthen or weaken the influence of relatedness 
on patterns of sustainable specialization. These variables 
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include local Key Enabling Technologies (Montresor & 
Quatraro, 2019) and attitudes toward ecological policy 
(Boschma & Santhola, 2019). Investigating whether GFDIs may 
be counted among these criteria is an important matter. GFDIs 
contribute external knowledge and capabilities to the host 
region, especially in the green sector, which lessens the 
dependence of green technology development on a specific 
location (Elekes et al., 2019). GFDIs may enable greater 
exploration and cognitive freedom by introducing such 
knowledge assets into the host areas (Zhu et al., 2017). As a 
result, they could help areas reallocate their current capacities 
to achieve green specialization, allowing them to focus on 
environmentally friendly technologies that are less associated 
with their previous competencies. Conversely, the technological 
aspect of inbound GFDI may coincide with the current area 
knowledge base and strengthen previous specialization 
patterns.  

The literature has indicated the nexus between GFDI and 
EI. Erdoğan et al. (2021) highlight the role of GFDI and EI in 
pursuing the goal of environmental sustainability by increasing 
the pressure on the environment. Hence, we believe that the 

focus of authorities should be paid to the GFDI to reduce 
environmental degradation by promoting EI adoption. The 
literature has kept silent on the link between GFDI and EI, or 
more specifically, the path toward sustainable development. 
Therefore, this paper will fill this gap by providing a theoretical 
and empirical discussion on this nexus. 
 

3. Methodology 

A model used to examine the relationship between GFDI and EI 
in this paper is described as follows: 

𝐸𝐼𝑖𝑡 = 𝛽0 + 𝛽1𝐺𝐹𝐷𝐼𝑖,𝑡 + 𝛽2𝐼𝑁𝐶𝑖,𝑡 + 𝛽3𝐸𝐺𝑖,𝑡 + 𝛽4𝑇𝑆𝑖,𝑡 +

𝛽5𝐹𝐷𝐼𝑖,𝑡 + 𝛽6𝐼𝑁𝐷𝑖,𝑡 + 𝛽7𝐶𝐴𝑃𝑖,𝑡 + 𝛽8𝐺𝐸𝑖,𝑡 + 𝛽9𝐸𝑃𝐼𝑖,𝑡 +

𝛽9𝑁𝑅𝑖,𝑡 + 𝜀𝑖𝑗𝑡,      (1) 

where t and i stand for year t and country i, respectively.  

3.1. Environmental innovation (EI) 

Table 1 
Description of variables 

Variable Definition Measure Source Obs Mean SD Min Max 

EI_Index Environmental 
innovation index 

The composited index OECD.Stat      

EI_Input Environmental 
innovation inputs 

The percentage of enterprises 
implementing environmental 
innovation investment (% of 
surveyed firms) 

OECD.Stat 150 113.31 38.32 46.45 181.55 

EI_GovEn Government 
environmental 

Government’s environmental and 
energy R&D appropriations and 
outlays (% of GDP) 

OECD.Stat 150 101.16 37.00 33.00 211.00 

EI_RD Investments in 
R&D personnel 
and researchers 

Total R&D personnel and 
researchers (% of total 
employment) 

OECD.Stat 150 80.18 38.10 6.76 154.33 

EI_GreenInv Environmental 
early-stage 
investments 

Total value of green early-stage 
investments (USD/capita) 

OECD.Stat 150 132.69 51.23 25.00 226.00 

EI_Out Environmental 
innovation 
outputs 

Total investments (financial and 
human resources) aiming to 
trigger environmental innovation 
activities 

OECD.Stat 150 123.18 118.08 0.00 422.00 

EI_Pat Environmental 
innovation-
related patents 

Environmental innovation-related 
patents (per min population) 
 

OECD.Stat 150 118.46 64.66 0.00 290.00 

EI_Ene Energy 
productivity 

Government’s environmental and 
energy R&D appropriations and 
outlays (% of GDP) 

OECD.Stat 150 92.61 50.93 0.00 274.00 

EI_Ghg GHG emission 
intensity 

Total value of green early-stage 
investments (USD/capita) 

OECD.Stat 150 101.69 54.94 4.00 217.20 

GFDI The inflow of 
GFDI 

A log of total GFDI inflow value 
per capita 

International 
Trade Center 

150 119.46 71.35 0.00 405.00 

INC Real output 
growth 

The real GDP per capita (constant 
2010 US dollars). 

WDI 150 1.55 3.17 -11.33 8.43 

TS Trade share  The proportion of GDP. WDI 150 124.47 70.71 54.87 388.12 
FDI Net inflow of 

foreign direct 
investment 

The proportion of GDP. WDI 150 0.27 0.80 -3.19 4.16 

CAP Gross capital 
formation  

(Gross capital formation, 
total)/population 

WDI 150 21.60 4.00 11.89 31.33 

IND Industrialization 
level 

The value added to GDP. WDI 150 0.23 0.05 0.10 0.34 

GE The level of 
government 
effectiveness 

The government effectiveness 
index 

WBGI 150 1.23 0.55 0.16 2.21 
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Al-Ajlani et al. (2021) evaluate the effectiveness of EI in 
European nations using three distinct metrics: 1) government 
environmental EI (EI_GovEn), which represents the percentage 

of GDP allotted to the government’s environmental and energy 
research and development projects; 2) enterprises with EI 
(EI_Input), which is the percentage of surveyed firms 
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implementing EI investment; and 3) the number of EI-related 
patents (EI_Pat), which represents the number of patents 
related to EI (per million people). We analyze the effects of the 
following to shed light on this relationship: energy productivity 
(EI_Ene), which is the percentage of GDP that the government 
appropriates and spends on environmental and energy R&D; 
greenhouse gas (GHG) emission intensity (EI_Ghg), which is 
calculated as the total value of green early-stage investments* 
(USD/capita); total investments made in R&D staff and 
researchers (EI_RD), which is calculated as a percentage of total 
employment; and the total value of green early-stage 
investments per capita (EI_GreenInv), which is the total 
investments made in human and financial resources to initiate 
environmental innovation activities (EI_Out). These figures 
come from the OECD statistics covering the years 2012–2021 
(OECD Statistics). 

3.2. Key explanatory variable: GFDI (GFDI) 

In the absence of comprehensive FDI data, the ISIC 
classification’s definition of FDI in Energy, Gas, and Water 
(EGW) offers an insufficient and exceedingly rough estimate for 
Part 1 of the definition of GFDI. Water management, which is 
by far the most significant environmental service, and electricity 
are included in this category. It is unclear whether this estimate 
overestimates or underestimates the first aspect of GFDI 
because it also includes traditional sources of energy (such as 
fossil fuels, nuclear energy, and coal) and leaves out waste 
treatment, other environmental non-infrastructure services, and 
the production of environmental products. In this particular 
context, Part 1 of the GFDI definition can be understood as 
having an order of magnitude provided by EGW rather than as 
an exact estimate. The following industries have the potential 
for GFDI: manufacturing, mining, transportation, forestry, 
agriculture, and EGW. The International Trade Center provided 
the information for these variables between 2012 and 2021. 

3.3. Control variables: 

Empirical data from study designs should guide the 
selection of explanatory variables. We used GDP per capita 
(INC) by Ha (2022b, 2022a, 2023), Thanh et al. (2022), and 
Thanh et al. (2022, 2023), and GDP per person (in constant US 
dollars, 2010). The included explanatory variables that offer 
explanations for changes in EI performance are the gross capital 
formation per capita (CAP), trade share (TS), and economic 
growth (EG). In our theoretical model, we have incorporated the 
percentage of net FDIs, following the lead of Bhattacharya and 
Dash (2020), Bu et al. (2019), and Shahbaz et al. (2018). 
Akkermans et al. (2023), Martín-Ortega et al. (2024), and Yassine 
et al. (2024) provide a measure of industrialization (IND) based 
on the percentage of GDP that is added to the industrial value. 
To evaluate the impact of political factors, we also consider the 
government effectiveness (GE) index, proposed by Lee & Min 

 
* It is the value of early-stage investments in cleantech industries. 

(2015) and Thanh et al. (2023). In 2019, Le and Nguyen 
investigated the effects of natural rents (NR), which are also 
considered in this study. Akkermans et al. (2023), Ioanna et al. 
(2022), and Tsepi et al. (2024) have led to the addition of an 
environmental performance (EPI). World Development 
Indicators (WDIs) are the source of the EG, INC, TS, FDI, IND, 
CAP, and NR indicators. 

Table 1 gives a statistical description along with the details 
of each variable. The cleaned data included 15 EU countries in 
the final sample and covered the years 2012 to 2021. A positive 
correlation appears to exist between EI and GFDI, as shown in 
Table 2. 

According to Pesaran (2021), the next step in verifying the 
data would be to look at dependence cross-sectionally. To 
evaluate the stationarity of data with CD, several tests have 
been developed, including those by Levin–Lin–Chu (Levin et al., 
2002) and Im–Pesaran–Shin (Im et al., 2003). Table 3 presents 
the findings. Panel-corrected standard error modelling was used 
to investigate the relationship between GFDI and EI (PCSE). 
Traditional methods, such as fixed-effect or random-effect 
models, are inappropriate for the dynamic panel with CD, where 
the time is short (T = 10), and the number of entities is small (N 
= 15), as Pesaran (2021) argues. The outcomes of these methods 
will be skewed (Balsalobre-Lorente et al., 2022; Nguyen & Su, 
2021b). To ensure that the highly balanced data support the 
tests and applied methods, we used the empirical procedure to 
eliminate gaps, missing observations, and outliers from the data. 
The research of Ha (2023), Nguyen and Su (2021), Thanh et al. 
(2022), and Thanh et al. (2022) serves as the foundation for our 
empirical approach. We have carried out empirical calculations. 
All of the explanatory variables are one period behind because 
of either a deficiency of data or the mutually reinforcing nature 
of GFDI and EI. As in Gala et al. (2018) and Sweet and Maggio 
(2015), equation (1) was regressed using a FGLS model for 
comparative analysis. The FGLS model will help us resolve the 
heterogeneity issue. 

This article examines the differences between the short- and 
long-term effects of GFDI on EI. Pesaran and Smith (1995) 
developed a technique for using ARDLs to solve this problem. 
Using endogeneity and causal relationships between variables, 
Pesaran and Shin (1998) estimated the fixed effects in EU 
member states. In order to ascertain whether the two variables 
put forth by Kao (1999), Pedroni (2004), and Westerlund (2005) 
are cointegrated, we ran the Kao cointegration test and the 
Pedroni test. The results show that GFDI and EI cointegrate 
over the long run, as shown in Table 4. 

4. Results and discussions 

4.1. Baseline results 

Table 5 illustrates the linear relationship between GFDI and 
EI based on PCSE and FGLS estimates. The nine variables in 

Table 4 
Cointegration test 

Model: f(GFDI and environmental innovation*)   

 Kao test Pedroni test 

GFDI   

EI_ENTER -3.69*** 4.41** 
EI_ACT 2.78*** 4.83*** 
EI_ISO 1.55* 3.15*** 
EI_PATENT 2.11** 5.17*** 
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Table 5 measure environmental innovation: Environmental 
innovation index (EI_Index); Environmental innovation inputs 
(EI_Input); Government environmental (EI_GovEn); 

Investments in R&D personnel and researchers (EI_RD); 
Environmental early-stage investments (EI_GreenInv); 
Environmental innovation outputs (EI_Out); Environmental 
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innovation-related patents (EI_Pat); Energy productivity 
(EI_Ene); and GHG emission intensity (EI_Ghg). It is clear that 
there is some similarity between the estimated coefficients in 
the two FGLS and PCSE estimates. In the literature, most of the 

relevant studies provided empirical evidence to support the 
favourable impacts of conventional FDI on green innovation 
adoption (Abdelzaher and Newberry, 2016; Albornoz et al., 
2016; Ascani & Iammarino, 2018; Boschma et al., 2017; Brohi & 
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Suzuki, 2023; Chen et al., 2023; Geels et al., 2017; Shao et al., 
2023; She & Mabrouk, 2023; Song & Han, 2022). Our article 
advanced these works by linking GFDI and EI adoption. Our 
results are in line with the only other study that has been done 
on this relationship, that by Castellani et al. (2022). This paper 

uses a combination of international business studies and (eco-
)innovation geography to examine how GFDIs affect regional 
specialization in environmental technologies. Their results 
indicate that FDIs have a positive impact on a region’s 
specialization in green technologies. This means that when FDIs 
take place in sectors of the economy where environmental 
patents account for a sizable share of all inventive activity, the 
impact becomes statistically significant (green-tech FDIs). 

To provide a comprehensive analysis, the four 
environmental innovation implementation indicators—
EI_Index, EI_Pat, EI_Ene, and EI_Ghg— are utilized. The 
findings demonstrate a strong positive correlation with GFDI, 
which has a statistical significance level of 5%. One significant 
finding is that, with a coefficient of 25.10, the greatest impact is 
on EI_Ghg, suggesting that GFDI has the greatest influence on 
GHG emission intensity. These results suggest that altering the 
increasing GFDI would lead to the greatest rise in the intensity 
of GHG emissions as well as an increase in the EI index, patents 
connected to EI, and energy productivity. The results of our 
estimation point to a distinct mechanism by which GFDI 
influences the adoption of EIs. Figure 1 is a graph that visualizes 
the relationship between GFDI and EI. 

Examining the control variables, GE has a positive level of 
influence, with all indicators being statistically significant at 1%. 
EI_GreenInv has the highest coefficient of all the GE 
coefficients, 119.73. At the 5% significance level, PCSE 
estimates show that real output growth (INC) negatively affects 
EI_Index, EI_RD, EI_Ene, and EI_Ghg. Furthermore, it 
correlates negatively with EI_Input in FGLS estimates. 
Specifically, INC (coefficient of 13.30) significantly and 
positively affects EI_GreenInv. This suggests that when real 
output rises, environmental early-stage investments will rise 
along with it, but at the same time, investments in R&D workers 
and researchers, energy productivity, greenhouse gas emission 
intensity, and the EI index will decrease. Trade share (TS) has 
an inconsistent correlation with EI. It only positively affects 
EI_Index, and has a negative correlation with EI_Input, 
EI_GovEn, EI_GreenInv, EI_Out, EI_Pat and EI_Ene. Moving 
on to FDI, it only has a negative correlation with three of the 
nine aspects of environmental innovation implementation: 
EI_Index, EI_RD, and EI_Out in estimation FGLS. For the 
industrialization level (IND), these variables have statistical 
significance. With the exception of EI_GovEn, which is positive, 
and EI_Input, which is not statistically significant, seven of the 
nine mechanism indices are negative.  

4.2. Robustness checks 

4.2.1. Short- and long-term impact of GFDI 

 Table 6 looks at how GFDI affects EI in the short and 
long term. At the 1% significance level, the results show that 
GFDI has a statistically significant and positive impact over the 
long run on four environmental innovation aspects: EI_Input, 
EI_GovEn, EI_Out, and EI_Ghg. In particular, GFDI has the 
strongest influence on EI_Input, with an estimated coefficient of 
23.34. This implies that, in the long run, promoting GFDI will 
improve several aspects of EI implementation, such as EI inputs 
and EI outputs. In the short term, however, there are erratic 
correlations between GFDI and the nine dimensions of EI. To 
be more precise, at the 5% significance level, GFDI only 
significantly positively affects EI_GreenInv while negatively 
affecting EI_Index, EI_Input, EI_GovEn, and EI_Out. This 
implies that while successfully luring in GFDI will support 
environmental investment activities in their early stages, and it 
will negatively affect other aspects of EI, including the 
government environment, EI inputs, and the EI index. T

a
b

le
 6

 
S

h
o

rt
- 

an
d

 l
o

n
g

-t
er

m
 i
m

p
ac

ts
 o

f 
G

F
D

I 
 

  
(1

) 
(3

) 
(5

) 
(7

) 
(9

) 
(1

1
) 

(1
3
) 

(1
5
) 

(1
7
) 

V
A

R
IA

B
L

E
S

 
E

I_
In

d
ex

 
E

I_
In

p
u

t 
E

I_
G

o
v
E

n
 

E
I_

R
D

 
E

I_
G

re
e
n

In
v
 

E
I_

O
u

t 
E

I_
P

at
 

E
I_

E
n

e
 

E
I_

G
h

g
 

  
S

h
o

rt
-r

u
n

 i
n

fl
u

en
ce

s 

ec
 

-0
.3

5
**

* 
-0

.5
2
**

* 
-0

.5
1
**

* 
-0

.2
6
**

* 
-0

.2
2
**

* 
-0

.8
3
**

* 
-0

.8
5
**

* 
-0

.6
7
**

* 
-0

.3
7
**

* 

 
(0

.0
4

9
) 

(0
.0

7
9
) 

(0
.1

1
8
) 

(0
.0

8
7
) 

(0
.0

6
2
) 

(0
.0

5
7
) 

(0
.0

3
4
) 

(0
.0

9
1
) 

(0
.1

1
0
) 

D
.G

F
D

I 
-8

.5
6
**

* 
-1

5
.8

5
**

* 
-1

9
.6

3
**

 
-1

.0
9

 
5
1
.6

8
**

 
-1

8
.8

1
**

* 
2
.4

8
 

-4
.4

3
 

-3
.2

7
 

 
(3

.2
9

9
) 

(4
.5

0
0
) 

(8
.7

7
9
) 

(6
.6

2
2
) 

(2
1
.1

9
8
) 

(5
.6

6
8
) 

(5
.7

6
0
) 

(6
.0

4
4
) 

(1
2
.0

7
0
) 

 
L

o
n

g
-r

u
n

 i
n

fl
u

en
ce

s 

G
F

D
I 

1
2
.3

0
 

2
3
.3

4
**

* 
9
.7

3
**

* 
0
.3

9
 

6
3
.9

8
 

1
7
.7

0
**

* 
1
.7

1
 

0
.0

7
 

1
7
.0

7
**

* 

 
(9

.1
8

7
) 

(3
.2

0
2
) 

(3
.3

8
1
) 

(2
.8

1
4
) 

(9
7
.7

4
9
) 

(4
.5

8
4
) 

(3
.2

0
4
) 

(0
.6

6
7
) 

(5
.0

4
9
) 

O
b

se
rv

at
io

n
s 

1
3
5

 
1
3
5

 
1
3
5

 
1
3
5

 
1
3
5

 
1
3
5

 
1
3
5

 
1
3
5

 
1
3
5

 

S
ta

n
d

ar
d

 e
rr

o
rs

 i
n

 p
ar

e
n

th
es

es
 

 
 

 
 

 
 

 

**
* 

p
<

0
.0

1
, *

* 
p

<
0
.0

5
, *

 p
<

0
.1

 
 

 
 

 
 

 
 

 
 



B.H.Nhuong et al  Int. J. Renew. Energy Dev 2025, 14(1), 10-24 

| 19 

 

ISSN: 2252-4940/© 2025. The Author(s). Published by CBIORE 

Furthermore, in each of the nine models, the coefficient 
EC_term, which varies from -0.85 to -0.22, is statistically 
significant and negative. This finding shows that about 22%–

85% of the disequilibrium caused by shocks in the previous 
period will return to equilibrium in the long term. 
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4.2.2. Moderating effects of institutional quality 

We contend that because of the existing information 
asymmetries, the relationship between GFDI and EI adoption 
may be negatively moderated by weak and insufficient 

institutional systems. Government effectiveness (GE), 
regulatory quality (RQ), rule of law (RL), political stability and 
absence of violence or terrorism (PV), voice and accountability 
(VA), and GFDI are among the variables that we include in the 
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interactions in order to conduct this analysis. These variables 
have been meticulously selected based on the International 
Country Risk Guide. The six indices are individually examined 
within the three dimensions of EI  , serving both as independent 
variables (InstQ) and interaction variables when combined with 
GFDI. The findings, as illustrated in Table 7, outline the 
estimates. 

As reported in Panel A, the impact of GFDI on EI_index is 
not uniform across models. To be more precise, GFDI has a 
significantly negative impact on the models that include both 
VA and RQ as indicators of institutional quality, but at the 1% 
significance level, PV and RL exhibit a significant positive 
relationship. Regarding the size of EI_index, the variable lQ, 
except RQ, recorded a negative effect. This suggests that while 
institutional quality indicators may help to promote EI, they may 
also work to mitigate the negative environmental effects of 
GFDI. Additionally, we discovered that a shift in PV caused the 
largest decrease in VA but the most dramatic increase in the 
impact of GFDI on EI. Notably, the interaction effect created by 
the combination of lQ and GFDI has a beneficial impact on EI’s 
efficacy, of which the most significant is the interaction between 
GFDI and policy mechanisms such as VA, GE, RQ, and CC. 

Panel B illustrates how institutional quality indicators like 
VA and PV, which have positive and statistically significant 
GFDI coefficients, enhance the effect of GFDI on EI_input with 
regard to environmental innovation inputs. In contrast, GFDI’s 
effects on EI_input are greatly mitigated by CC, RQ, GE, and 
RL. Notably, the performance of EI, including CC, RQ, GE, and 
RL, is significantly improved by the interaction effect produced 
by the combination of policy institutions with GFDI. 

We then look at how institutional quality affects how GFDI 
and environmental government policies interact. We examine 
how institutional quality affects the relationship between GFDI 
and environmental policy. The results displayed in Panel C 
demonstrate that VA, GE, and RQ have a negative impact on 
the effects of GFDI on the government environment; however, 
only CC is statistically significant. This suggests that as CC 
develops, GFDI will influence EI much more. 

Our findings collectively demonstrate that institutional 
quality moderates the beneficial effects of GFDI on 
environmentally innovative activities. The arguments made in 
the literature (Ioanna et al., 2022; Kyriakopoulos et al., 2023; 
Progiou et al., 2023; Sebos et al., 2016) are in line with our 
findings. Furthermore, Jianguo et al. (2022) and Hunjra et al. 
(2020) demonstrate the moderating effects of institutional 
quality on the relationship between financial development and 
environmental quality, while Chen et al. (2023) offer empirical 
evidence of the moderating roles of institutional quality in 
attracting FDI inflows by encouraging EIs. According to Oyefabi 
et al. (2021), provinces and nations with well-developed 
institutions experience greater effects of FDI on EG. According 
to Wang et al. (2022) and Yang et al. (2020), in order to employ 
FDI more effectively, each area needs to have a strong 
institutional framework. Our results add to the body of literature 
by showing that the relationship between GFDI and ecologically 
innovative activities depends critically on institutional quality 
conditioning factors. 

 

5. Conclusions 

The relationship between GFDI and EI is thoroughly 
examined in this article. This article examines how GFDI 
influences the economy’s adoption of environmentally friendly 
innovations via many different metrics related to EI. The 

effectiveness of environmental improvements in 15 nations 
across Europe is evaluated using nine different metrics: 
environmental innovation index (EI_Index), environmental 
innovation inputs (EI_Input), government environmental 
(EI_GovEn), investments in R&D personnel and researchers 
(EI_RD), environmental early-stage investments (EI_GreenInv), 
environmental innovation outputs (EI_Out), environmental 
innovation-related patents (EI_Pat), energy productivity 
(EI_Ene), and GHG emission intensity (EI_Ghg). 

The implications of GFDI for how EIs are implemented are 
highlighted by our estimation results, and they are expected to 
be noticeable in the near and long term. One notable indicator 
of the improvement seen in 15 European countries between 
2012 and 2021 is the effect of GFDI on the EI index, which in 
turn drives environmental activities and patents related to EI, 
energy productivity, and GHG emission intensity. Moreover, it 
highlights the significance of the quality of the institutional 
system in augmenting the favorable impacts of GFDI on how EI 
is implemented. The results indicate that when political stability 
shifts and there is less violence or terrorism, the impact of GFDI 
on EI will increase the most (PV). Simultaneously, the 
institutional framework and GFDI attraction policies encourage 
EI initiatives. 

An extended understanding of the GFDI–EI nexus is 
gained through the development of a theoretical framework. As 
a key component of encouraging EI adoption, GFDI inflows play 
a significant role. We hope to offer a thorough explanation of 
the relationship between GFDI and EI, along with theoretical 
justification and empirical backing. Earlier researchers have 
used basic versions of emotional intelligence (EI), focusing on 
certain facets of the economy and society while ignoring others. 
Through the identification of institutional quality conditioning 
impacts on GFDI and environmental innovation, this article 
contributes to the literature on GFDI–EI links. 

This study has significant policy implications for those in 
charge of encouraging Eis in the European region and then 
adapting the insightful lessons to other developing countries. 
There will be obstacles to the shift to a green economy, 
particularly in the form of global investment attraction. 
Particularly in creative endeavors, the transition to an 
environmentally friendly economy must happen fairly, openly, 
and transparently to minimize the potential risks. Additionally, 
the governments and authorities of the EU ought to support and 
encourage their ability to profit from the use of EI. Out of all the 
tactics and tools at a country’s disposal to help it accomplish this 
goal, we suggest making increasing GFDI a first priority. 
Notably, the empirical findings of this paper highlight the 
significance of an institution’s quality in enhancing the effects of 
GFDI on putting innovations into practice, particularly in the 
context of how environmental issues are addressed in 
connection with infrastructure development. Enhancing the 
available knowledge is essential for assisting a developing 
nation in making the shift to a more environmentally conscious 
world. 

It is important to take into account two limitations when 
interpreting our study’s findings. First, there is the limitation 
arising from our use of historical data that was exclusive to the 
EU. Changes in GFDI may be required in emerging nations 
where environmental damage has occurred in order to address 
environmental concerns through the adoption of green 
technologies. Regretfully, no surveys have been carried out in 
compliance with stringent requirements to gather data about the 
use of EI and GFDI in emerging countries. Also, a more 
thorough explanation of this mechanism could be required. 
GFDIs may have additional implications for the application of 
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green innovation. A number of elements need to be taken into 
account, such as the degree of economic development, the 
complexity of the economy, and the efficacy of governmental 
programs. Economists and decision-makers may create policies 
that promote GFDI and improve the adoption of green 
innovation by looking at these channels. To gather more data 
about GFDI and EI in emerging countries and to investigate the 
role of GFDI benefits in this area, a thorough analysis of the data 
sources could be required. 
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