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Abstract 

The nexus between economic growth and energy consumption has been exhaustively explored, yet the 

empirical evidence and the theoretical points of view remain at odds. This study contextualises and 

capitalises on this discrepancy and examines the connection between non-renewable and renewable 

energy consumption and economic growth, considering the moderating impact of economic complexity, 

trade openness, FDI and institutional quality. We use a panel quantile regression model and data from 

32 European countries in the period 1995-2014. Our key results show that economic complexity, 

renewable energy consumption, trade openness, FDI and institutional quality enhance economic growth. 

The results for non-renewable energy consumption showed both a positive and a negative impact in 

different quantiles, indicating that the consumption of renewable energy is in fact more effective for 

economic growth than the use of non-renewables. Our findings have far-reaching implications for 

stakeholders and policymakers working on sustainable economic growth and energy policy with a view 

to meeting the commitments made under the Paris Agreement (COP21).  
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1.- Introduction. 

After two decades of painstaking negotiations, in December 2015 several countries at the 21st 

Conference of the Parties (COP21) in Paris reached a unanimous consensus whereby all the 

signatories would endeavour to tackle climate change and act to curb emissions of greenhouse 

gases (GHGs). It was agreed to limit global temperatures to 2°C above the pre-industrial era, to 

be achieved through joint action based on nationally determined contributions (NDCs). The 

Paris Agreement (COP21) encompasses a guide to policy measures to restrict the harmful 

impact of climate change. Although Kinley (2017) declared the COP (21) to be one of the most 

successful of all conferences on climate change as it redoubled the efforts to prevent its impact 

(Clémençon, 2016; Vandyck et al., 2016), some authors have expressed concerns that the 

agreement mainly addresses its economic effects (Muradov, 2014). It is therefore crucial to 

balance the desire to cut emissions as agreed under COP21 with the aim of achieving greater 

economic growth and development.  

It is the goal of almost every nation to achieve sustainable economic growth. In this context, 

energy plays a key role as it is an essential ingredient in the production process. Energy 

consumption is a part of almost every economic activity and most social pursuits. The seminal 

study by Kraft and Kraft (1978) explored the connection between economic growth and energy 

usage, which is often manifested in four hypotheses: first, the growth hypothesis, which 

postulates that the use of energy produces economic growth (Kraft and Kraft, 1978; Bowden and Payne, 

2009, 2010); second, the conservation hypothesis suggests that the consumption of energy is 

determined by economic growth (Abosedra and Baghestani, 1991); third, the feedback 

hypothesis highlights a bi-directional relationship between energy usage and economic growth 

(Fallahi, 2011; Shahbaz et al., 2020); and fourth, the neutrality hypothesis argues for a non-

causal relationship (Soytas et al., 2007). While the four different hypotheses postulate different 

approaches to the link between energy consumption and income levels, they also disprove the 
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notion of “one size fits all” and point out that for the sake of accuracy, the connection between 

energy consumption and economic growth must be viewed in a particular context and in the 

light of moderating factors. There is also an important ecological and environmental aspect, so 

the debate is often extended to renewable energy use and whether or not it contributes to 

economic growth in the same way. The evidence is contradictory, which keeps the debate alive 

(for instance, Ewing, 2007; Fang, 2011; Yildirim, 2012; Pao and Fu, 2013; Ocal and Aslan, 

2013; Azlina et al., 2014; Tiwari, 2014; further discussion in the subsequent section). In addition 

to energy structure, urbanization and education are often linked to levels of development, and 

hence to underlying cause of economic disparity between countries (IMF, 2017). Among these 

structural factors, the sophistication of the economy as manifested in its complexity or complex 

production processes is a vital but somewhat underexplored factor that can be measured using 

the economic complexity index2 (hereafter ECI) to indicate a country’s level of sophistication 

and production capabilities. This index determines the level of sustainable growth, human 

capital, institutional quality and innovation processes as measures of a country’s complexity.  

In the last decade or so, the analysis of countries’ economic complexity has attracted increasing 

interest and discussion, mainly because it offers a way to rank countries in the correct global 

order in terms of their competitiveness. Economic complexity is therefore used in analysis to 

determine the sophistication of the production process and the exchange of goods and services 

(Erkan and Yıldırımcı, 2015), and is also important for determining the effects of international 

trade by measuring an economy’s export diversity and complexity. More specifically, it 

analyses countries’ export structure (Hidalgo and Hausmann, 2009). In this context, economic 

complexity (ECI) affects exports, which in turn impacts an economy’s degree of trade openness 

(Lapatinas et al., 2019). Empirical evidence supports the notion that countries with high 

economic complexity tend to benefit more from trade. It also follows that countries that tend to 

 
2 A country’s degree of complexity is measured through the Economic Complexity Index (ECI); see Hidalgo and Hausmann 

(2009) for details.  
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benefit more from trade are likely to have higher trade openness (Carlin et al., 2001; Hausmann 

et al., 2007; Huchet-Bourdon et al., 2017). 

Despite the importance of the nexus between an economy’s complexity and its various aspects, 

this subject has so far received very little attention. Countries that have followed this course 

have often condoned energy consumption. For instance, some studies such as Hidalgo et al. 

(2007) have applied the export agenda analysis to forecast the form of diversification or the rate 

of economic growth (see Hidalgo and Hausmann, 2009; Agosin, 2009; Hausmann et al., 2014; 

Hartmann et al., 2016, 2017) while capturing a country’s productivity and capabilities for 

exporting complex (i.e. high value-added) products. Specifically, economic complexity (ECI) 

influences the diversification of the export agenda and the rate of export of its technology-

intensive products (Tacchella et al., 2013; Hausmann et al., 2014), and configures a country’s 

level of diversification and productive structure (Gozgor, 2018). Some studies have also used 

the ECI to compare the trade competitiveness associated with the degree of R&D in economies. 

The effects of R&D processes can be considered an indicator of technical progress, which 

affects economic growth (Fang, 2011; Balsalobre et al., 2015; Hajko et al., 2018 ) and also 

reduces the costs of producing renewable energy (Stafforte and Tamberi, 2012). R&D 

undoubtedly contributes to businesses’ efficiency and competitiveness (Andersson et al., 2018), 

and the structural change caused by innovation creates new sectors that lead to sustained 

economic development (Saviotti and Pyka, 2004; Saviotti et al., 2016; Álvarez et al., 2017). 

High-level knowledge of various products offers more significant potential for economic and 

social development (Lin and Wang, 2015), and the sophistication and complexity of a country’s 

economy are associated with its capacity to export high-tech outputs and its investment in R&D 

development. R&D delivers the knowledge necessary to obtain high-tech goods that generate 

new jobs and more efficient production processes (Saviotti and Pyka, 2004; 2013). This then 

begs the question of its possible implications for the relationship between an economy’s energy 
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consumption and its growth, and between economic growth and the consumption of renewable 

energy. However, current evidence does not offer many insights into this question, and our 

study aims to address this gap. As the evidence of economic complexity has focused on its 

implications for international trade (Hidalgo and Hausmann, 2009; Hausmann et al., 2007; 

Hesse, 2009), it makes sense to argue that in order to understand a country’s complexity (Karras, 

2003; Chang and Mendy, 2012; Rao and Rao, 2009), its trade openness must be explored in 

parallel with its energy consumption (Jalil and Feridun, 2014). Our study also contributes to the 

current body of knowledge by exploring this factor. Although a positive association can 

logically be assumed between the growth of an economy and the degree to which it openly 

trades, there is some evidence to suggest that trade openness does not have much impact on 

economic growth (see e.g. Babatunde, 2011 and Eris and Ulasan, 2013), while other authors 

argue that it is positively linked to tariffs (Yanikkaya, 2003). Edwards (1998) found a direct 

association between the rate of economic growth and trade restrictions, while other studies have 

found a negative association between economic growth and the degree to which an economy 

openly trades (Harission, 1996; Zanohogo, 2017; Adhikary, 2011). The birds-eye view of the 

relationship between an economy’s trade openness and its growth rate reveals that it is complex 

and depends on contextual factors such as the degree of development and the size of the 

economy. These aspects, and contrasting evidence, provide a further rationale for the study 

subject. Nevertheless, not only trade openness, but foreign direct investment (FDI) and the 

quality of the institutions also play an important role in economic growth and development 

(Cadoret and Padovano, 2016; Dhrifi et al., 2019; Hayat, 2019; and Redmond and Nasir (2020). 

Therefore, we also look at the role of FDI and institutional quality. 

Specifically in regard to the role of complexity, Álvarez et al. (2017) argued that the relevance 

of economic complexity in economic systems could be gauged by understanding the connection 

between energy consumption and economic growth, where innovation processes offer a new 
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approach with applications and crucial implications for policymaking. Governments promote 

energy regulations to reduce their dependence on fossil fuel and its energy intensity. These 

actions may be influenced by the sophistication of several aspects such as the social, technical, 

economic or environmental features of energy systems, and their complex social and 

technological dynamics (Bale et al., 2015). This study therefore examines the impact of 

renewable sources and their connection with economic complexity (Yin et al., 2015; Chen et 

al., 2018; Yan et al., 2017; Shahbaz et al., 2017). In the last couple of decades, the share of 

renewable energy has significantly increased due to a range of factors, such as government 

regulation to promote the use of renewable energy (see Apergis and Payne, 2010), reduction in 

the cost of installing renewable energy production capacity (Bowden and Payne, 2010), oil price 

volatility (Apergis and Payne, 2012) and the positive effects of renewables in reducing carbon 

emissions (Sovacool and Brown, 2009). Innovation processes in the energy sector have also reduced 

environmental damage and the cost of implementing renewable sources (Álvarez et al., 2017). 

Economic complexity impacts human development by promoting structural change and 

specialised workforce training, raising consumer income and purchasing power and increasing 

the quality of the output of highly-skilled workers (Hartmann, 2014; Antonelli, 2016; Saviotti 

et al., 2016). Arguably, economic growth and development play an important role in enhancing quality 

of life and contributing to human development (Mariano and Rebelatto, 2014; Sen, 2001), although 

economic growth alone is not sufficient to understand human development processes. Hartmann 

(2014) concluded that a well-diversified economy is more important for human development 

than economic growth, since complexity improves the capacity to create higher education 

levels, health and infrastructures. The diversification of the economy and innovation must be 

prioritised to achieve higher levels of human development (Mustafa et al., 2017; Suri et al., 

2011). This study therefore explores the moderating impact of economic complexity and 

sophistication on the link between energy consumption and economic growth, incorporating 

non-renewable and renewable forms of energy consumption. We also supplement the growth 
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function with trade openness, FDI and institutional quality, which are crucial factors to bear in 

mind, particularly considering the openness of contemporary economies and the influence of 

international trade, FDI and institutional quality on growth and development. We propose an 

empirical model based on the energy consumption-growth nexus hypothesis that connects 

economic growth with economic complexity, non-renewable and renewable energy 

consumption, trade openness, FDI and institutional quality. We assume that economic growth 

is contingent on ECI energy use, trade openness, FDI and the institutional quality of the 

underlying economy, using a panel quantile-regression model and data on 32 European 

economies from 1995 to 2014. Our key findings are that renewable energy consumption, 

economic complexity, trade openness, FDI and institutional quality are crucial for enhancing 

economic growth. The results for non-renewable energy use had both a positive and negative 

outcome in different quantiles, suggesting that renewable energy consumption is more suitable 

than non-renewable energy. Our findings have far-reaching implications for stakeholders and 

policymakers focused on sustainable economic growth and energy policy, and particularly on 

balancing economic growth and meeting the COP21 commitments. 

The rest of the paper continues as follows: § 2 considers the current evidence on the subject; § 

3 describes the methodology and data; the analysis and findings are presented in § 4; and the 

conclusion and policy implications in § 5.  

2.- Literature review. 

In the context of the debate on maintaining economic growth and environmental sustainability 

post-COP21, the study analyses the six nexuses of economic growth: the economic complexity–

growth nexus, the energy consumption–growth nexus, the renewable energy consumption–

growth nexus, the trade openness–growth nexus, the FDI–growth nexus and the institutional 

quality–growth nexus.  
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The first aspect of the study is the role played by energy consumption in enhancing economic 

growth. Since the seminal work by Kraft and Kraft (1978), numerous studies have explored the 

link between energy usage and economic growth. Theoretically, this nexus can be explained in 

the light of four hypotheses: first, the growth hypothesis, according to which economic growth 

can be enhanced by increasing energy consumption (Kraft and Kraft, 1978; Bowden and Payne, 

2009, 2010); second, the conservation hypothesis, which holds that economic growth causes 

energy consumption (Abosedra and Baghestani, 1991); third, the feedback hypothesis, 

highlighting a bidirectional connection between economic growth and energy usage (Fallahi, 

2011); and fourth, the neutrality hypothesis, according to which there is no causal connection 

between variables (Soytas et al., 2007). The studies on the subject have overarchingly supported 

one of the four hypotheses. To reiterate, the study contributes to the energy–growth nexus 

hypothesis by extending this framework to include economic complexity and other explanatory 

factors. Current studies on renewable energy consumption and economic growth often 

categorise this nexus in the light of four hypotheses. For instance, Ewing et al. (2007) found a 

positive connection between renewable energy usage and economic growth, thus providing 

support for the growth hypothesis. Similarly, a later study by Fang (2011) on China reported 

unidirectional causation from renewable energy consumption to growth. However, analytical 

studies by Ocal and Aslan (2013) on Turkey and Azlina et al. (2014) on Malaysia found 

unidirectional causation running in the opposite direction i.e., from growth to renewable energy 

use, hence validating the conservation hypothesis. An empirical study by Tiwari (2014) on USA 

and Pao and Fu (2013) on Brazil showed the presence of bidirectional causation between growth 

and renewable energy consumption, confirming the feedback hypothesis. Other studies have 

also reported the lack of statistically significant evidence for causation between growth and 

renewable energy use (see Payne, 2009; Yildirim, 2012).   
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Economic structure and energy efficiency determine energy consumption and – by extension – 

emissions, which implies that these are essential driving forces of sustainable development. 

Specifically, developed countries have advanced energy consumption structures (Hu et al., 

2018) embedded in their economic make-up, so productivity is strongly related to them (Feng 

et al., 2009; Zhang and Song, 2015; Chunbo, 2008). Saygin et al. (2015) showed that a high 

proportion of renewables in the total energy mix ensures better energy security and lower carbon 

emissions, and has positive effects on human health. In line with this view, it is indispensable 

to extend the use of renewables and more efficient infrastructures to stimulate low-emission 

electricity systems (Mutoh, 2006; Dogan, et al., 2020). Access to high-tech would improve the 

consistency of a more secure and efficient system (Fang, 2012). Some studies on the connection 

between energy usage and economic complexity (ECI) highlight that the reduction in emissions 

is a consequence of promoting clean technologies and energy innovation processes (Can and 

Gozgor, 2017; Dogan et al. 2019), while others argue that the positive effects of economic 

complexity (Sen, 2001) are overshadowed by the negative (Myrdal, 1957; Schwartz, 2004), and 

that economic diversification alone does not inevitably lead to human well-being. In this 

context, this study refreshes the previous literature and offers new insight into the significance 

of economic complexity (ECI), coupled with the additional driving forces of energy use, trade 

openness, FDI and institutional quality. Economic complexity is often associated with the 

capacity to quantify the productive structure of a country (Bustos et al., 2016; Hausmann and 

Klinger, 2006; Hausmann et al., 2014; Hidalgo et al., 2007; Hidalgo and Hausmann, 2009; 

Tacchella et al., 2013, among others). The growing body of literature on the subject identifies 

a positive link between income per capita and economic complexity (Hidalgo et al., 2007; 

Hidalgo and Hausmann, 2009), where economic growth and development are seen as an 

approach that renews the productive structure and promotes structural changes and economic 

diversification (Rosenstein-Rodan, 1943; Rostow, 1959, 1990; Hidalgo et al., 2007; Klinger 
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and Lederman, 2006). Complex economic systems require a range of capabilities to adapt to 

technological change by fostering innovation, competitiveness and economic diversity to 

modernize economic structures. 

Our paper mainly analyses the effects of economic complexity (ECI) to measure the capacity 

and efficiency for exporting highly complex and high value-added products on economic 

growth (Can and Gozgor, 2017; Gozgor, 2018). The ECI indicator reveals the status of 

economic development (Eagle et al., 2010; Gao and Zhou, 2016), and hence the growth and 

technical progress connected to an economy’s capabilities. This evidence has been previously 

validated (Hidalgo and Hausmann, 2009), and a positive connection has also been found 

between ECI and economic growth (Gozgor, 2018) deriving from the type and level of 

institutional quality, the shape of knowledge accumulation, physical capital, the quality of 

exports or the labour force (Hausmann et al., 2011; Gozgor, 2018). Its production features are 

the result of a country’s level of sophistication and skill-based labour production and capture 

the knowledge of a country’s production (Hidalgo et al., 2007; Hidalgo and Hausmann, 2009). 

In other words, complexity defines the productive structure of an economy and its ability to 

generate high-tech output (Hausmann et al., 2014). Ferrarini and Scaramozzino (2016) conclude 

that the high income of developed countries is the reason they produce more complex outputs 

from a broader set of inputs and industries. 

In line with the previous literature, we also assume that its productive structures determine an 

economy’s institutional quality and social capital (Hidalgo, 2015). Although economic growth 

has traditionally been perceived as a panacea for development, we consider this process to be 

more complex (UNDP, 2000). For instance, Shahbaz et al. (2019) studied the association 

between life expectancy and income in several sub-Saharan countries, while Sen (1998) 

concluded that economies with lower income levels had a higher life expectancy than high-

income economies. Some of the empirical evidence therefore disproves the notion that 
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economic growth guarantees quality of life, as human development is enhanced by the quality 

of economic growth and the ability to solve social and development problems (Sen, 1981). In 

other words, economic growth cannot be directly inferred as human development and 

improvement in the quality of life (Sachs, 2004); whereas the true spirit of development 

incorporates both social and economic aspects to encourage freedoms and institutional quality 

(Sen, 2001). In terms of the socio-economic significance of complexity and knowledge, there 

is an argument that the development of an economy can be influenced by complexity. A study 

by Hartmann et al. (2017) reported a close connection between economic complexity, income 

inequality, education and income levels. Ferrarini and Scaramozzino (2016) examined how 

economic complexity affects economic development and the formation of human capital. Lee 

(2016a, 2016b) and Mustafa et al. (2017) concluded that some Asian countries have enhanced 

their economic complexity systems by investing in human capital and technological 

innovations.  

The economic complexity and sophistication that leads to competitiveness has implications for 

international trade (Erkan and Kaya, 2015). It confers an advantage in global competitiveness 

by increasing the production and export of high-value goods, where R&D plays an important 

part in the manufacturing process and exports. In other words, economic sophistication allows 

countries to create productive networks in the manufacturing and advanced service sectors, with 

ascending returns to scale (Gala et al., 2017). Conversely, when countries have low 

diversification, it can be assumed that the products they export are of a lower technological 

grade (Tacchella et al., 2013; Gala, 2017) and that they have limited knowledge and technology 

available (Hausmann et al., 2014). As their ability to generate complex goods increases, so does 

the likelihood of a relatively high yield compared to less able countries (Tacchella et al., 2013). 

Commodity-dependent countries do not encourage investment in commercial goods and 

services due to macroeconomic and real exchange-rate volatility caused by unpredictable 
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commodity prices (Ferrarini and Scaramozzino, 2016; Nkurunziza et al., 2017). In their study, 

Hidalgo and Hausmann (2009) assumed that labour and capital are insufficient to produce goods 

and that knowledge is a key factor in production, so countries need to adopt special 

infrastructures, skilled labour, property rights and regulations in order to produce high-tech 

goods. Hausmann et al. (2014) concluded that complex economies produce information through 

a network of people who create a broad array of knowledge-intensive products, while low-

complex economies produce a smaller variety of products with a narrow productive knowledge 

base requiring less information. The inclusion in the study of ECI in conjunction with the other 

explanatory factors is therefore a rational choice.  

Our work links trade openness not only to energy consumption and complexity but to economic 

growth. Here, the Ricardian trade model sees differences in technological progress as being the 

core reason for countries to engage in trade (Krugman, 1987), while the Heckscher-Ohlin 

framework considers the key to lie in differences in the factor endowments. For instance, 

Ahmed and Sattar (2004) concluded that international trade underpins development in labour-

intensive export business. In another noteworthy study, Romer (1990) held that unrestricted 

participation in global trade enhances the growth of an economy. In terms of internal growth, 

technology transfer is one example of how a trade deficit affects economic growth (Karras, 

2003). Following the internal growth theory, Adhikary (2011) concluded that a foreign trade 

deficit would affect economic growth by permitting foreign investment to be redirected to more 

efficient sectors. According to this theory, Constant and Yaoxing (2010) concluded that an open 

economy tends to increase its expertise and division of labour, with positive effects on 

productivity and export capability. This evidence also confirms that trade openness plays a 

crucial part in enhancing economic growth. Adhikary (2011) concluded that most trade 

openness accelerates capital and technology transfers, which enables the application of 

innovations due to more efficient trading partners, and rising economic growth (Karras, 2003). 
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Finally, there is also a strand of literature that suggests that FDI and institutional quality play 

an important role in economic growth. Drawing on the empirical work by Cadoret and 

Padovano (2016), Dhrifi et al. (2019), Hayat (2019) and most recently Redmond and Nasir 

(2020), we have also considered the role of FDI and institutional quality in our analysis. It is 

worth noting that the inclusion of these explanatory factors together with energy consumption 

and complexity will yield more robust results by addressing the issue of omitted variable bias 

in the model. 

3.- Methodology  

We model economic growth measures in terms of Gross Domestic Product (GDP) as a function 

of its explanatory variables in the following:  

𝐺𝐷𝑃2,𝑖𝑡 = 𝑓 (𝐸𝐶𝐼𝑖,𝑡
𝛽1 , 𝑅𝐸𝐶𝑖,𝑡

𝛽2 , 𝑁𝑅𝐸𝐶𝑖,𝑡
𝛽3 , 𝑂𝑃𝑖,𝑡

𝛽4 , 𝐹𝐷𝐼𝑖,𝑡
𝛽5 , 𝐼𝑁𝑆𝑇𝑖,𝑡

𝛽6) + 𝜇𝑖,𝑡 

𝐺𝐷𝑃2,𝑖𝑡 = 𝛽0 + 𝛽1𝐸𝐶𝐼𝑖,𝑡 + 𝛽2𝑅𝐸𝐶𝑖,𝑡 + 𝛽3𝑁𝑅𝐸𝐶𝑖,𝑡 + 𝛽4𝑂𝑃𝑖,𝑡 + 𝛽5𝐹𝐷𝐼𝑖,𝑡+𝛽6𝐼𝑁𝑆𝑇𝑖,𝑡 + 𝜇𝑖,𝑡  (1) 

where i stands for the underlying economy, t is the time, GDP is the income level per capita, 

ECI refers to the economic complexity index, REC is the share of renewable energy and NREC 

is the share of non-renewable energy out of total energy consumption, OP is per capita trade 

openness, FDI is foreign direct inflows and INST represents the quality of the institutions 

measured by the widely used Law and Order indicator. Lastly, 𝜇 represents the error term.  

The expectation is that 𝛽1>0, 𝛽2>0, 𝛽3>0 and 𝛽4>0, and that the impact of economic complexity 

will be positive (β1> 0). This is because economic complexity can be associated with increased 

productivity and human capital. It is also expected that 𝛽2>0 and 𝛽3>0, as both non-renewable 

and renewable forms of energy consumption, will have a positive effect on economic growth. 

According to the current evidence on the subject, renewable energy generation and consumption 

requires a higher level of technological advancement. Trade openness can also be expected to 

have a positive impact (β4> 0). We assume trade openness to be positive because European 

countries are developed and have a significant proportion of high value-added and industrial 
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products in their exports. Foreign direct investment and institutional quality can be expected to 

have a positive effect: (β5> 0) and (β6> 0) respectively. Lastly, if robust inferences are to be 

drawn, it is also vital that our explanatory variables should produce statistically significant 

coefficients or associations with economic growth.  

3.1.- Panel quantile regression.  

The first stage of our analysis consists of pairwise correlation tests to determine whether the 

variables are correlated, but mainly to uncover any multicollinearity problems. As can be seen 

in Table 1, there are no additional concerns regarding multicollinearity issues. We then apply 

the cross-section dependence test. For the pooled OLS estimation, we compare the standard 

error estimates before applying panel quantile regression. Pooled OLS can be used to derive 

unbiased and consistent estimates of parameters even when time-constant attributes are present 

(Hoechle, 2007). It is preferred to apply the panel quantile approach to examine the impacts of 

the factors affecting economic growth, as the ordinary least squares (OLS) regression can 

overestimate their effects. OLS could also fail to take account of the heterogeneous distribution. 

Nonetheless, the panel quantile provides more powerful estimations against OLS if the errors 

do not follow a normal distribution (Apergis et al., 2018). We therefore use this approach to 

investigate the association between economic growth and the underlying variables.  

Following Altunbaş and Thornton (2019) and Zheng et al. (2019), we use panel quantile 

regression methodology to account for the likelihood of heterogeneity and estimate the 

distribution of conditional economic growth (GDP per capita) in different amounts (Canay, 

2011; Galvao, 2011). 

We specify the τth quantile (0 < τ < 1) of the conditional distribution of the response 

variable, given a set of explanatory factors 𝑋𝑖,𝑡: 

𝑄𝜏 (
𝐺𝐷𝑃,𝑖𝑡

𝑋𝑖,𝑡
) = 𝛼𝜏 + 𝛽𝜏𝑋𝑖,𝑡 + 𝛼𝜏𝜇𝑖,𝑡    (2) 
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where 𝑋𝑖,𝑡 represents the logged independent variables (ECI, REN, NREN, OP) and 

𝜇𝑖,𝑡 indicates the unobserved element. The coefficients are estimated while the residuals are 

minimised (Koenker, 2004): 

                                     (𝑄𝜏(𝛽𝜏) = min
𝛽

∑ [|𝑙𝑛𝐻𝑖,𝑡 − 𝛽𝜏𝑋𝑖,𝑡|]𝑛
𝑖=1 )   (3) 

We first use a panel quantile framework incorporating fixed effects following the 

approach taken by Canay (2011), and an improved quantile panel data prediction method 

suggested by Powell (2016). The generalized distribution regression estimator developed by 

Powell (2016) concentrates on the main problem with conventional distribution estimators, 

namely the inclusion of additional variables that change the interpretation of the estimated 

coefficients. The novelty of this framework is that even in the presence of additional control 

variables, it creates unconditional quantile treatment effects, allowing for endogeneity and the 

inclusion of additional instruments and “proneness” variables (Powell, 2016). Quantile 

estimation enables the impact of the covariates to vary with the disturbance term, which is non-

separable. Panel data approaches in the literature include a fixed-effect term which changes the 

explanation of the variables for cross-sectional quantile regressions (Canay, 2011), as it breaks 

down the disturbance term and assumes that the variables remain the same based on the fixed 

effects. We therefore follow Powell’s (2016) approach for quantile regression, which uses non-

additive fixed effects. For identification purposes, the regression approach accounts for within-

group variation, while maintaining the property of non-separable disturbance (in general, it 

motivates the use of quantile estimators). The resulting estimates can be interpreted in a similar 

manner with the cross-sectional quantile estimates. The parameter values show the effects of 

independent variables in the resulting τth quantile of distribution. Powell’s quantile regression 

approach (2016) also uses the panel data feature required to estimate the effects of quantile 
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treatment. We have no opportunity to predict the constant effect, and the estimates of the 

parameters are consistent for small T (Baker, 2016). 

 

3.2.- Data. 

We explore the effects of economic complexity, non-renewable and renewable energy 

consumption, trade openness, FDI and institutional quality on economic growth in 32 European 

economies from 1995 to 2014: United Kingdom, Switzerland, Norway, Belgium, Iceland, 

Bulgaria, Sweden, Czech Republic, Finland, Slovakia, Slovenia, Romania, Portugal, Poland, 

Austria, Netherland, Malta, Hungary, Luxemburg, Lithuania, Latvia, Cyprus, Italy, Croatia, 

Spain, Greece, Ireland, Estonia, Germany, Denmark, Macedonia and France. We use the 

following proxies to measure the variables: economic growth is measured as GDP per capita 

(constant 2010); renewable and non-renewable energy consumption is measured in million 

tonnes of oil equivalent; trade openness is measured as the ratio of total trade (including exports 

and imports) as a proportion of GDP; foreign direct investment is foreign direct inflows ($ 

USD); institutional quality is measured by the widely used law and order indicator; and the 

economic complexity index (ECI) is applied to measure economic complexity, with data on 

ECI from the Atlas Media database (2018). A higher value of ECI indicates greater economic 

complexity. For the institutional quality indicator, the dataset used in this study is taken from 

the International Country Risk Guide (ICRG) and converted into natural logs to avoid problems 

with the distribution equation of the data series. Apart from the ECI and INST, the data on other 

variables are taken from the World Bank’s World Development Indicators database (WDI, 

2019). 

4.- Analysis and Empirical Findings.  
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We started the analysis with a pairwise correlation test to assess the possibility of 

multicollinearity problems. As seen in Table 1, there are no serious concerns regarding 

multicollinearity.  

Table 1: Pairwise correlation results 

 ECI GDP REN NREN OP FDI INST 

ECI  1.000 

GDP -0.346  1.000 

REN  0.850 -0.156  1.000 

NREN  0.560 -0.078  0.454  1.000 

OP -0.412  0.239 -0.267 -0.054  1.000 

FDI -0.327 -0.311 0.103 -0.566 -0.678 1.000 

INST 0.570 -0.789 0.089 0.521 0.560 0.560 1.000 

Notes: The dependent variable is GDP. ECI refers to economic complexity, REN to renewable 

energy, NREN to non-renewable energy, OP to trade openness, FDI to foreign direct investment 

and INST to institutional quality. 
 

Table 2 contains a summary of descriptive statistics. Income per capita had the highest 

mean followed by FDI, whereas the highest standard deviation is in GDP, and the second-

highest standard deviation value is in economic complexity (ECI). The mean and standard 

deviation values show the central tendency and variability of these variables.  

Table 2: Summary statistics 

 ECI GDP REN NREN OP FDI INST 

 Mean 5.934  30.566  3.988  5.089  7.804 13.980 4.566 

 Median  13.733  27.930  3.067  4.340  6.765 9.235 3.470 

 Maximum  5.340  34.780  7.945  21.780  18.678 34.210 1.987 

 Minimum  -3.180  17.900  3.120  0.852  2.656 -1.657 -1.870 

 Std. Dev.  1.779  2.659  1.379  1.338  0.785 1.045 0.930 

 Skewness -0.133  0.759 -0.997  1.249  0.906 1.033 0.455 

 Kurtosis  1.854  3.070  3.485  4.385  2.970 2.498 1.208 

 Jarque-Bera  3.675  56.20  1.021  199.184  8.046 1.344 0.560 

 Probability  0.000  0.000  0.000  0.000  0.000 0.000 0.000 

 Observations  823  823  823  823  823 823 823 

Notes: The dependent variable is GDP. ECI refers to economic complexity, REN to renewable energy, NREN 

to non-renewable energy, OP to trade openness, FDI to foreign direct investment and INST to institutional 

quality. 

As there can be serious consequences of cross-sectional dependence in the estimations, we 

performed cross-sectional dependence tests, and the results are shown in Table 3. These include 

the LM test by Breusch-Pagan (1980), the Pesaran (2004) scaled LM tests, and the Pesaran CD 

and Baltagi et al. (2012) bias-corrected scaled LM test.  
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Disturbances in a panel framework are traditionally accepted to be cross-sectionally 

independent. The four cross-sectional dependence tests in Table 3 suggest there is no issue of 

cross-sectional dependence, which is a positive outcome as it can yield biased estimates and 

lead to serious errors in predictions. Panel unit root tests were also performed, and the results 

show that considering variables in the log form ensures data stability (these results can be 

provided on request). 

Table 4: Standard Error Estimations: Pooled OLS 

 OLS White Rogers Newey-West Driscoll-

Kraay 

ECI  0.000*** 0.000*** 0.000*** 0.000** 0.000** 
 

[1.789] 

(0.445) 

[2.896] 

(0.367) 

[3.054] 

(0.055) 

[3.987] 

(0.766) 

[2.811] 

(0.045) 

REN 0.056** 0.056*** 0.056*** 0.056*** 0.056***  
[2.489] 

(1.005) 

[2.217] 

(0.905) 

[1.870] 

(0.970) 

[4.099] 

(1.933) 

[2.760] 

(0.688) 

NREN 0.064*** 0.064** 0.064* 0.064*** 0.064 
 

[1.793] 

(0.453) 

[1.150] 

(0.898) 

[1.770] 

(1.043) 

[1.231] 

(1.453) 

[1.909] 

(1.006) 

OP 0.146** 0.146*** 0.146*** 0.146*** 0.146*** 
 

[2.104] 

(1.566) 

[5.890] 

(0.220) 

[3.067] 

(1.480) 

[3.970] 

(1.503) 

[3.806] 

(0.206) 

FDI 0.053** 0.053** 0.053*** 0.053*** 0.053*** 

 [1.404] 

(2.098) 

[4.010] 

(0.784) 

[2.340] 

(1.986) 

[3.023] 

(1.878) 

[2.056] 

(3.055) 

INST 0.053** 0.053*** 0.053*** 0.053*** 0.053*** 

 [1.404] 

(0.959) 

[4.010] 

(0.090) 

[2.340] 

(1.354) 

[3.023] 

(0.060) 

[2.056] 

(1.008) 

Constant 0.003** 0.003*** 0.003*** 0.003** 0.003*** 
 

[1.809] 

(0.889) 

[1.034] 

(0.750) 

[1.561] 

(0.970) 

[2.280] 

(1.231) 

[2.056] 

(1.077) 

N 640 640 640 640 640 

R2 0.346 0.346 0.346 0.346 0.346 

Table 3: Cross-section dependence tests 
 ECI GDP REN NREN OP FDI INST 

Breusch-Pagan 

LM 

5.120*** 11.780*** 10.098*** 2.049*** 3.677*** 1.022*** NA 

Pesaran scaled 

LM 

1.320*** 21.467*** 9.452*** 2.389*** 4.761*** 2.038*** NA 

Bias-corrected 

scaled LM 

7.340*** 10.332*** 13.677*** 2.204*** 7.012*** 4.980*** NA 

Pesaran CD 1.102*** -2.405*** 14.890*** 2.266*** 3.023*** 6.090*** NA 

Notes: ***represents significance at the 1% level. N. A denotes “not available”. The dependent variable is GDP. 

ECI refers to economic complexity, REN to renewable energy, NREN to non-renewable energy, OP to trade 

openness, FDI to foreign direct investment and INST to institutional quality. 
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Notes: (1) ***, ** and * represent significance at the 1%, 5% and 10% level respectively. The 

dependent variable is GDP. ECI refers to economic complexity, REN to renewable energy, NREN to 

non-renewable energy, OP to trade openness, FDI to foreign direct investment and INST to 

intuitional quality.(2) The t-statistics (in brackets) are based on estimates of standard error obtained 

from the covariance matrix estimators in the column headings. (3) The numbers in parentheses in the 

third line of each variable indicate the coefficient. 

 

Table 4 presents and summarises the standard-error estimates for the pooled OLS estimation by 

using five approaches and considering the full sample; the findings are shown in Table 4. All 

the results are significant for renewable and non-renewable energy consumption, economic 

complexity, trade, foreign direct investment, and institutional quality and the constant term. T-

statistics are significant for the pooled OLS estimation with Driscoll-Kraay, Newey-West, 

Rogers and White standard errors respectively. When the pooled OLS estimation results are 

significant, we apply the panel quantile regressions to the overall sample and consider the fixed 

effects in the panel data. Tables 5 to 7 show the results of our estimation with the quantile 

regression approach (Canay, 2011; Powell, 2015; 2016) for the full sample. 

The results of the quantile regression analysis reveal that economic complexity (ECI) has 

a positive impact on GDP and enhances growth in the underlying countries. The results are also 

robust at the different quantiles and have a significance level of 1%, and at different model 

specifications (Tables 5, 6 and 7). The fact that ECI has a major impact on GDP – and greater 

than the role of trade openness – suggests that countries should focus on long-term strategies to 

enhance innovation in goods and services. The positive effects of economic complexity (ECI) 

on GDP confirm the findings of prior studies such as Hidalgo and Hausmann (2009), Agosin 

(2009), Hartmann (2014), Hausmann et al. (2014), and Hartmann et al. (2016, 2017) when 

capturing productivity and capabilities for exporting complex (high value-added) products. 

They argue that economic complexity (ECI) plays an important part in the diversification of 

exports and the export of high-tech products (Hausmann et al., 2014; Tacchella et al., 2013), 

and determines an economy’s degree of diversification and productive structure (Gozgor, 
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2018). Our findings provide further evidence and confirm that economic complexity enhances 

economic growth in the underlying European economies.  

The panel quantile regression results indicate that renewable energy consumption (REN) 

tends to affect economic growth significantly and positively (Tables 5, 6 and 7). These results 

add to the current evidence on the subject. Specifically, our findings are in line with Ewing 

(2007) on USA, Fang (2011) on China, Tiwari (2014) on USA and Pao and Fu (2013) on Brazil, 

although they disagree with Ocal and Aslan (2013) on Turkey, Azlina et al. (2014) on Malaysia, 

and Payne (2009) and Yildirim (2012) on USA, who found no causal effect of renewable energy 

on growth. However, our empirical results indicate that the consumption of renewable energy 

enhances economic growth in the underlying European economies. 

Interestingly, the analysis of non-renewable energy consumption showed less promising 

results for growth than renewable energy consumption. The non-renewable consumption 

coefficients had both positive and negative statistically significant signs in some quantiles 

(Table 5, 6 and 7). For example, for the first model in Table 5, non-renewable energy 

consumption (NREN) has a positive impact in the 1st, 2nd, 4th and 10th quantiles but a negative 

impact in the 1st, 3rd and 7th quantiles. This is also the case in the results in Tables 5 and 6, where 

non-renewable energy consumption (NREN) has a positive impact in the 1st, 4th, 7th and 10th 

quantiles but a negative impact in the 2nd, 6th, 8th and 9th quantiles. Non-renewable energy 

consumption (NREN) has a positive impact in the 3rd, 5th, 6th and 7th quantiles, and a negative 

sign in the 1st, 2nd, 4th and 9th quantiles. The positive coefficients support the growth hypothesis 

and confirm the empirical results, in line with previous empirical evidence from Kraft and Kraft 

(1978), Bowden and Payne (2009, 2010) and Fallahi (2011). The findings are contrary to studies 

such as that of Soytas et al. (2007), which found no association and supported the neutrality 

hypothesis. The presence of positive and negative coefficients in different quantiles offers 

further insight into the underlying economies, although these contrasting results also suggest 
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that these countries use non-renewable energy sources inefficiently. The main reason for the 

negative signs may be that the country directs its energy consumption to inefficient sectors. The 

upside of the less promising results of non-renewable compared to renewable energy in terms 

of economic growth is that the consumption of renewables is more useful for achieving 

sustainable growth.  

Finally, the results highlight a positive and statistically significant impact of trade, FDI 

and institutional quality on growth in all quantile levels (Tables 5, 6 and 7). This is to be 

expected, as a positive association is often found between trade openness, FDI and institutional 

quality and economic growth. Nonetheless, our findings contribute to and contradict the studies 

that suggest that trade openness does not exert any direct impact on economic growth (Eris and 

Ulasan, 2013; Babatunde, 2011) or argue that trade tariffs and taxes are positively associated 

with economic growth (Yanikkaya, 2003). 

The findings presented in this study are statistically very significant, and contradict the 

results of Edwards (1998), who suggested a weak association between trade restraint and 

economic growth. They also ruled out the notion of a negative link between trade openness and 

economic growth (Harission 1996; Zanohogo, 2017; Adhikary, 2011). Our results are intuitive, 

as trade openness benefits countries in several ways; for instance, transfer for production occurs 

through international trade, which enables countries to increase production. Trade openness 

also ensures that the products manufactured are more sophisticated and complex. 

Table 5: Canay (2011) fixed effect estimators’ model 

  (1) (2) (3) (4) (5) (6) (7) (8) 

VARIABLES 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

ECI 0.467*** 0.500*** 0.345** 0.677** 0.986*** 0.568*** 0.089*** 0.056*** 

 (0.356) (0.780) (0.671) (0.098) (0561) (0.792) (0.606) (1.044) 

REN 0.454*** 0.108*** 0.190*** 0.342*** 0.187*** 0.433*** 0.463*** 0.339*** 

 (0.052) (0.094) (0.121) (0.416) (0.013) (0.043) (0.050) (0.021) 

NREN -0.112*** -0.079*** -0.080*** 0.027*** 0.043*** 0.078*** -0.162*** 0.091** 

 (0.331) (0.401) (0.065) (0.144) (0.067) (0.037) (0.134) (0.239) 

OP 0.061*** 0.187*** 0.648*** 0.154*** 0.261*** 0.756*** 0.446*** 0.122*** 

 (0.042) (0.443) (0.781) (0.176) (0.233) (0.203) (0.611) (0.213) 
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FDI   0.175*** 0.347*** 0.398*** 0.128*** 0.363*** 0.346*** 0.246*** 0.109*** 

 (0.782) (0.213) (0.738) (0.986) (0.253) (0.273) (0.671) (0.342 

INST   0.122*** 0.897*** 0.636*** 0.113*** 0.288*** 0.706*** 0.346*** 0.131*** 

 (0.042) (0.343) (0.783) (0.167) (0.334) (0.433) (0.931) (0.678) 

Constant -0.090*** -0.071*** 0.024 0.056*** 0.039*** 0.012*** 0.022*** 0.087*** 

 (0.464) (0.750) (0.022) (0.078) (0.012) (0.043) (0.032) (0.733) 

Observations 640 640 640 640 640 640 555 640 

***, ** and * represent significance at the 1%, 5% and 10% level respectively. The dependent variable is GDP. ECI refers to economic complexity, REN to renewable energy, 

NREN to non-renewable energy, OP to trade openness, FDI to foreign direct investment and INST to institutional quality. (2) Robust standard errors in brackets. 

 

 

 

 

 

Table 7: Powell (2016) fixed effect estimators’ model 

  (1) (2) (3) (4) (5) (6) (7) (8) 

VARIABLES 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

ECI 0.760 0.460*** 0.145** 0.107* 0.456*** 0.898*** 0.101*** 0.326*** 

 (0.102) (0.220) (0.471) (0.058) (0.101) (0.892) (0.106) (0.838) 

REN 0.890*** 0.338*** 0.090*** 0.082*** 0.1222*** 0.770*** 0.789*** 0.779*** 

 (0.189) (0.284) (0.021) (0.346) (0.223) (0.663) (0.980) (0.121) 

NREN -0.133*** -0.159*** -0.080** 0.011*** 0.049*** 0.068*** -0.87*** -0.231** 

 (0.281) (0.201) (0.095) (0.674) (0.189) (0.337) (0.774) (0.569) 

OP 0.038*** 0.477*** 0.634*** 0.054*** 0.333* 0.886 0.036*** 0.092*** 

 (0.442) (0.263) (0.681) (0.076) (0.209) (0.223) (0.211) (0.383) 

FDI   0.285*** 0.227*** 0.128*** 0.238*** 0.074*** 0.102*** 0.096*** 0.389*** 

Table 6: Powell (2015) fixed effect estimators’ model 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

VARIABLES 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 

ECI 0.340*** 0.329*** 0.103*** 0.490** 0.390* 0.578*** 0.077*** 0.238*** 0.236*** 0.394*** 0.155*** 

 (0.306) (0.480) (0.471) (0.298) (0.280) (0.452) (0.103) (1.064) (0.049) (0.349) (0.233) 

REN 0.467*** 0.302*** 0.101*** 0.389*** 0.234*** 0.453*** 0.456*** 0.129*** 0.449*** 0.317*** 0.029** 

 (0.022) (0.124) (0.091) (0.192) (0.104) (0.053) (0.030) (0.031) (0.217) (0.034) (0.032) 

NREN -0.111*** -0.059* -0.019*** 0.098*** 0.048*** -0.028*** 0.152** 0.031** 0.213** 0.045** 0.252* 

 (0.451) (0.231) (0.038) (0.289) (0.059) (0.137) (0.114) (0.329) (0.558) (0.320) (0.054) 

OP 0.032*** 0.107*** 0.560*** 0.477*** 0.498*** 0.346*** 0.406*** 0.342*** 0.097 0.341*** 0.081*** 

 (0.122) (0.103) (0.109) (0.266) (0.398) (0.103) (0.311) (0.413) (0.159) (0.617) (0.543) 

FDI   0.235*** 0.527*** 0.094*** 0.289*** 0.498*** 0.376*** 0.456*** 0.149*** 0.032*** 0.063*** 0.051*** 

 (0.432) (0.213) (0.392) (0.680) (0.386) (0.233) (0.201) (0.892 (0.550) (0.324) (0.213) 

INST   0.762*** 0.107*** 0.409*** 0.289*** 0.398*** 0.736*** 0.457*** 0.231*** 0.107*** 0.094*** 0.041*** 

 (0.332) (0.549) (0.290) (0.238) (0.329) (0.474) (0.530) (0.578) (0.032) (0.656) (0.233) 

Constant -0.056*** -0.044*** 0.034** 0.048*** 0.077*** 0.037*** 0.065*** 0.047*** 0.033*** 0.032*** 0.056*** 

 (0.297) (0.950) (0.046) (0.086) (0.078) (0.033) (0.052) (0.233) (0.029) (0.334) (0.049) 

Number of groups 32 32 32 32 32 32 32 32 32 32 32 

***, ** and * represent significance at the 1%, 5% and 10% level respectively. The dependent variable is GDP. ECI refers to economic complexity, REN to renewable energy, NREN 

to non-renewable energy, OP to trade openness, FDI to foreign direct investment and INST to institutional quality. (2) Robust standard errors in brackets. 
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 (0.282) (0.983) (0.538) (0.086) (0.223) (0.433) (0.121) (0.212 

INS   0.032*** 0.127*** 0.236*** 0.123*** 0.222*** 0.103*** 0.298*** 0.001*** 

 (0.122) (0.233) (0.183) (0.057) (0.124) (0.122) (0.221) (0.128) 

Constant -0.030*** -0.431*** 0.004** 0.036*** 0.087*** 0.023*** 0.099*** 0.047*** 

 (0.089) (0.293) (0.086) (0.334) (0.056) (0.008) (0.092) (0.113) 

Observations 640 640 640 640 640 640 555 640 

***, ** and * represents significance at the 1%, 5% and 10% level respectively. The dependent variable is GDP. ECI refers to economic complexity, REN to renewable energy, 

NREN to non-renewable energy, OP to trade openness, FDI to foreign direct investment and INST to institutional quality. (2) Robust standard errors in brackets.  
 

The first panel data quantile model with fixed effects was proposed by Canay (2011)3 (Table 

5), and the improved generalized method of quantile panel data estimation was then developed 

by Powell (2016) and Graham et al. (2018) (Table 6). The panel quantile estimator developed 

by Graham et al. (2018) is a special case of the generalized quantile estimation implemented by 

Powell (2016), and addresses a fundamental problem posed by alternative fixed-effects quantile 

estimators. Specifically, the inclusion of fixed effects alters the interpretation of the estimation 

coefficient on the treatment variable, and is known in the literature as the Powell (2015) method, 

although an important contribution was made by Graham et al. (2018). Powell (2016) developed 

the generalized quantile estimator to address a fundamental problem in traditional quantile 

estimators, namely that the inclusion of additional covariates alters the interpretation of the 

estimated coefficient on the treatment variable (Table 7). The generalized quantile estimator 

resolves all these issues and produces unconditional quantile treatment effects even in the 

presence of additional control variables, while also allowing for endogeneity and the inclusion 

of additional instruments and additional “proneness” variables. However, Powell’s estimation 

approach (2015), which is a special case of the generalized quantile estimation, addresses a 

fundamental problem of alternative fixed-effect quantile estimators, namely that the inclusion 

of fixed effects alters the interpretation of the estimated coefficient on the treatment variable.  

 
3 The coverage is very close to the nominal level when T = 20, and below the nominal level for T = 5. It is worth noting that 

the coverage can be expected to deteriorate in two circumstances. Given a value of n, a smaller T implies a larger finite sample 

bias and hence a finite sample distribution centred further from the truth. Given a value of T, a larger value of n keeps the finite 

sample bias unaffected but implies a finite sample distribution that is mostly concentrated around the wrong place. However, 

even for a case with 12% bias (model 1, T = 5), the actual coverage levels are about 85%, which is quite acceptable for such 

small values of T and a bias over 10% (see Canay (2011) for details). 
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5.- Conclusion & Policy Implications.  

In order to honour the COP21 and comply with the objective of maintaining stable economic 

growth, this paper analyses the scope of both renewable and non-renewable energy 

consumption for growth in 32 European economies. The Paris Agreement (COP21) establishes 

a framework in which nations, including all European nations, are expected to play a proactive 

part in tackling climate change, requiring them to base their economic activity and growth on 

more sustainable sources. We also explore the link between energy consumption (non-

renewable and renewable) and economic growth by exploring the implications of economic 

complexity, trade openness, FDI and institutional quality in the selected European economies 

using a panel quantile regression approach. Our key findings lead us to conclude that economic 

complexity (ECI) has a favourable impact on growth, thereby increasing growth in the 

underlying European economies. The fact that ECI has a greater impact on GDP than trade 

openness suggests that countries should focus on long-term policies and strategies to enhance 

innovation in goods and services. The positive effects of complexity point to its importance and 

sophistication in European economies. This study confirms that complexity increases the ability 

to adapt sustainable economic systems and reduce environmental pressure, and highlights the 

need to drive economic systems along the path towards a green economy in order to fulfil 

environmental agreements such as COP21. Renewable energy consumption (REN) showed the 

most significant and positive effects on the growth of the underlying economies, proving that it 

supports growth in the selected European economies and can therefore lead to a win-win 

situation. This suggests that in terms of energy policy, renewable energy consumption should 

be encouraged by policymakers in order to achieve sustainable growth and comply with the 

Paris agreement. The positive results in all quantiles strongly support the notion that investing 

in renewables is the best policy. Interestingly, the analysis of non-renewable energy showed 

less promising results for economic growth than renewable energy. The coefficients for non-

renewable energy have both statistically significant negative and positive signs in some 



25 
 

quantiles, offering further insight into the underlying economies; however, these contrasting 

results also show that countries make inefficient use of non-renewable energy sources. The 

main reason for the negative signs may be that the country directs its energy consumption to 

inefficient sectors. The more promising results for the consumption of renewable rather than 

non-renewable energy in regard to enhancing economic growth demonstrate that renewable 

energy is more useful for sustainable growth. The economies in question should therefore 

concentrate their energy policies and strategies on renewable energy, which provides optimal 

results for sustainable economic growth.  

The results confirm that trade openness has positive effects on growth, which are also 

statistically significant in all quantiles. This is unsurprising, as there is a positive association 

between these two factors. However, our findings contribute to and contradict studies 

suggesting that trade openness plays only a minor role in enhancing economic growth, or that 

trade tariffs and related taxes have a direct association with economic growth. In the policy 

context, this would imply that it is crucial to enhance trade to ensure economic growth in the 

underlying economies. However, FDI and institutional quality had a very strong positive and 

statistically very significant impact on economic growth, implying that economic and public 

policy should focus on improving institutional quality and attracting FDI inflows.  

The findings presented in this study are statistically highly significant and also contradict the 

notion of a weak association between energy consumption, economic complexity, trade, FDI 

and institutional quality, and economic growth. The empirical results are intuitive, as these 

factors can be expected to benefit countries in multiple ways. For example, while energy is an 

important ingredient of economic activity, transfer for production occurs through international 

trade, which allows countries to increase their output. Overall, it can be inferred that the 

complexity and sophistication of the economy, renewable energy consumption and trade 

enhance economic growth. The mixed results with regard to the consumption of non-renewable 
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energy points to the need to focus investment more closely on the renewable energy sector to 

ensure sustainable growth and honour the commitments made by European nations in the Paris 

Agreement. Our research has some limitations and its scope can be extended to include the 

environmental degradation caused by growth. The key question requiring further enquiry is how 

the growth resulting from economic complexity, energy consumption, institutional quality, FDI 

and trade affects the environment and Europe’s commitment to the COP21. The study can also 

be extended to non-European nations. 
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