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ABSTRACT 

Over recent years, concerns about the need to reduce energy intensity have intensified due to 

the increasing volume of greenhouse gas emissions that has amplified problems related to 

global climate change and environmental pollution. At the same time, foreign direct investment 

(FDI) has been found to have a prominent effect on energy intensity. This study empirically 

examines the relationship between sectoral FDI inflows and energy intensity by investigating 

the possibility of a threshold effect of research and development (R&D) technological 

absorptive capacity. Our sample covers 34 OECD countries over 1987–2013, with FDI and 

R&D data disaggregated at three sectoral levels (primary, secondary and tertiary sectors), an 

analysis that is absent in existing literature. We uncover a significant R&D input threshold in 
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the relationship between FDI inflows to non-primary sectors and energy intensity. FDI inflows 

to non-primary sectors increase the level of energy intensity when the level of sectoral R&D is 

below the threshold, but such effect decreases when the sectoral R&D level is above the 

threshold point. Important implications flow from our findings with respect to the type of FDI 

and the level of indigenous R&D to be encouraged (or discouraged) by policymakers to 

effectively reduce energy intensity. 

Keywords: FDI, Energy intensity, R&D, Threshold analysis, Economic sectors 

JEL Classification: C26, O44, Q40, Q55 

 

1. Introduction 

Energy intensity, typically measured as energy consumption per unit of gross domestic 

product (GDP), is a critical indicator of the energy inefficiency of an economy, with high 

energy intensity indicating a high cost of converting energy into GDP. The special importance 

of energy intensity lies in the fact that environmental management strategies of 

decarbonization of the global energy system to combat problems related to climate change 

and environmental pollution1, rely heavily on reducing carbon (CO2) emissions while keeping 

the economy growing, which, in turn, requires improvements in the energy intensity of the 

economy. Hence, achieving a decline in energy intensity of production processes would 

greatly contribute to reducing CO2 emissions and alleviate the problem of climate change 

 
1 International agreements such as the Kyoto Protocol and the Paris Agreement have set the rule to 

reduce greenhouse gas emissions. 
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(Wurlod and Noailly, 2018).2  

Theoretically, the technology spillovers channel has been posited to explain how foreign 

direct investment (FDI), which is widely recognized as a catalyst for productivity and 

economic growth (Batten and Vo, 2009; De Vita and Kyaw, 2009; Wang and Chen, 2014; 

Nguyen et al., 2019), may affect energy intensity. The mechanism is summarized in Fig. 1. 

The underlying premise is that the technological capability of a foreign multinational 

enterprise (MNE) is a specific advantage that provides a precondition for internationalization 

via FDI. The MNE transfers innovation and technology through internal networks and 

achieves internal economies of scale (Cantwell, 1989) and FDI flows to host countries are 

associated with potential technological spillovers (although the level of spillover effects may 

differ across economic sectors). Such spillovers can be decomposed into three sub-channels, 

namely, efficiency of production, energy-saving technologies, and an economic structure 

shift. First, it is argued that MNEs improve the efficiency of production of host countries 

through high-quality labour mobility, the introduction of advanced managerial experience and 

the spreading of advanced technology to domestic firms (Blalock and Gertler, 2008; Cole et 

al., 2008) and, as a result, lower the level of energy intensity. Second, MNEs generally have 

better environmental performance through the application of low-carbon technologies for 

energy-intensive industries and/or the adoption of ecologically beneficial management 

practices which reduce energy intensity and, therefore, have great potential to spread greener, 

energy-saving technologies to host countries (Hübler and Keller, 2009). Third, FDI may 

 
2 Chitnis and Hunt (2012), for example, find that energy intensity is an important factor affecting 

household and transport energy expenditure thus, indirectly, influencing CO2 emissions. 
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influence energy intensity of host countries via a shift in economic structure, i.e., changing 

host countries’ structural economic composition from agriculture to industry and/or industry 

to services (Bakhsh et al., 2017). Nevertheless, the resulting effect of the technological 

spillovers of inward FDI on the level of energy intensity of a country might be dependent on 

a threshold effect of indigenous R&D (or technological absorptive capacity), which will be 

elaborated later using a theoretical model. 

[Fig. 1 here] 

Empirical research on the impact of FDI on energy intensity remains scant and, taken 

collectively, inconclusive. Some previous studies that have tested the technology spillovers 

channel hypothesis (e.g., Mielnik and Goldemberg, 2002; Eskeland and Harrison, 2003) 

provide supportive evidence. Yet, other studies report empirical results that go against the 

FDI-energy saving hypothesis (Hübler and Keller, 2009; Adom and Kwakwa, 2014; Bu et al., 

2019). In particular, by increasing production activity and energy consumption in the host 

country, FDI has been hypothesized to also have negative externalities on the environment, 

thereby increasing energy intensity (e.g., Hunt, 1984), and has also been found to be 

statistically significant in explaining the extent of CO2 emissions (Rafindadi et al., 2018).  

Only very few studies have investigated the potential nonlinear relationship between FDI 

and energy intensity. Adom (2015) found that in the case of Nigeria, the effect of FDI inflows 

on energy intensity is negative and significant but he added that this effect, based on 

technological diffusion from FDI and the learning capability of domestic firms in the 

recipient economy, is contingent on the technological absorptive capacity of the host country. 
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Building on the suggestion of a potential threshold effect of technological absorptive capacity 

in the relationship between inward FDI and energy intensity, Huang et al. (2017) apply a 

threshold estimation method instead of the conventional linear estimation to test for a 

threshold effect of R&D in the relationship between FDI and energy intensity in China. 

However, the drawback of Huang et al.’s (2017) study is the absence of an explicit model of 

the mechanism through which FDI is expected to affect energy intensity. 

Only two studies in this strand of literature, namely, Dedeoğlu and Kaya (2013) and 

Topcu and Payne (2018), have attempted to explore the effect of inward FDI on energy use in 

the context of Organization of Economic Cooperation and Development (OECD) member 

countries. This is striking especially when considering that, as observed by Topcu and Payne 

(2018), OECD countries represent around two-thirds of the global trade volume and almost 

half of the global energy consumption since 1990. Moreover, the rate of progress in reducing 

greenhouse gas emissions still varies significantly across individual OECD countries. Such 

progress is generally deemed insufficient and greenhouse gas emissions are expected to rise 

again (after a reduction resulting from the global slowdown in the years following the global 

financial crisis of 2008) due to the recent increase of energy use and CO2-related emissions. 

All in all, despite some evidence of convergence in energy intensity among OECD countries 

(Le Pen and Sevi, 2010), country differences remain important among OECD countries and, 

as observed by Liddle (2012), such differences could be interpreted as evidence of limits in 

both further convergence and decline in energy intensities across OECD countries. Hence, it 

is paramount to acquire knowledge about the relationship between FDI and energy intensity 

in OECD countries, in order to provide evidence-based guidelines for OECD countries to 
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alleviate the issue of upward pressure in energy intensity through the effect of FDI inflows.  

The present study advances on what has gone before by using Hansen’s (2000) threshold 

estimation method to test for a (sectoral) threshold effect of technological absorptive capacity 

(proxied by the level of indigenous R&D input) in the relationship between sectoral FDI 

inflows and energy intensity utilizing panel data for 34 OECD countries for the 1987–2013 

period. 

Our contribution to the literature is three-fold. First, we develop a theoretical model to 

explain the threshold effect of sectoral R&D in the relationship between sectoral FDI inflows 

and energy intensity. Second, our empirical results confirm the importance of sectoral-level 

analysis, pointing to the existence of a threshold effect of sectoral R&D input in the FDI 

inflows-energy intensity nexus only in secondary and tertiary sectors of economic activity. 

Third, our findings provide valuable implications for policymakers in OECD countries to 

better understand the effect of FDI inflows on energy intensity across different economic 

sectors given the significant role of the indigenous R&D input and hence maximise the 

benefits to be accrued from the reduction of energy intensity. 

The remainder of the paper is organized as follows. The next section provides a literature 

review. Section 3 presents a simple model to explain a threshold effect in the relationship 

between FDI and energy intensity, and discusses the methodology and data used. Section 4 

presents and discusses the empirical results. Section 5 concludes. 
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2. Brief literature review of the FDI-energy intensity nexus 

Some existing literature has tested the relationship between FDI and energy intensity 

providing supportive evidence on the technology spillovers channel. For example, using data 

on 20 developing countries from 1970 to 1998, Mielnik and Goldemberg (2002) find that 

energy intensity tends to decline when the level of FDI inflows increases. They attribute such 

an effect to the diffusion and consequent adoption of modern technologies through FDI flows 

to developing countries. Eskeland and Harrison (2003) find that foreign ownership has a 

reductive effect on energy intensity because foreign plants are more energy-efficient and use 

cleaner types of energy than domestic plants. There is also a strand of literature that supports 

the FDI-energy saving hypothesis through technological spillovers and uses other proxies to 

capture the effect of energy savings. For example, using Chinese provincial panel data from 

2001 to 2013, Wang (2017) finds that FDI has a positive effect on energy efficiency measured 

by total-factor energy efficiency (TFEE). Wang (2017) suggests that technical progress was 

the main cause of the increase in the TFEE. Adom et al. (2019) investigate the energy 

demand - FDI nexus of 27 African countries over the period 2000–2014 and find that a 

concave effect of FDI on energy consumption relies on the level of technology absorptive 

capacity. Dong et al. (2019) unveil that FDI has an energy-saving spillover effect in high-

income regions in China while there is no evidence that FDI increases energy consumption in 

low/middle-income regions. Marques and Caetano (2020) investigate the impact of FDI on 

carbon dioxide emissions in 21 countries over 2001-2017 and suggest that FDI has different 

impacts on pollution emission in countries with different income levels. Xie and Zhang 

(2021) evaluate China’s outward FDI (OFDI) on the host country’s green total factor 
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productivity (GTFP) for 21 European countries from 2009 to 2018 and find that China’s 

OFDI promotes host country’s GTFP. 

However, several studies also report results that do not support the FDI-energy saving 

hypothesis. Hübler and Keller (2009) investigate the impact of FDI flows on energy intensity 

using macro-level panel data on 60 developing countries over 1975–2004. Their results do 

not confirm the hypothesis that aggregate FDI inflows reduce energy intensity of developing 

countries. Similarly, Adom and Kwakwa (2014) do not find any evidence supporting the view 

that FDI inflows reduce energy intensity in Ghana. In his empirical investigation of the 

determinants of energy intensity in Nigeria, Adom (2015) suggests that the impact of FDI on 

energy intensity is highly dependent on the technological absorptive capacity and industry 

characteristics of the country. Adom and Amuakwa-Mensah (2016) examine the relationship 

between FDI and industrialization on energy productivity for 13 East African countries from 

1980 to 2011 and find that FDI-energy saving effect is contingent on income and 

industrialization. Elliott et al. (2013) unveil a negative relationship between FDI inflows and 

energy intensity using city-level data for China. Similar results were reported by Herrerias et 

al. (2013) who used Chinese province-level data, and Bu et al. (2019) who employed Chinese 

firm-level data of the Jiangsu Province. Huang and Yu (2016) explore the effects of 

investment upon energy intensity by using panel data for China’s 27 provinces between 2004 

and 2013. They find that FDI has a prominent but not persistent effect on energy intensity and 

that indigenous investment in R&D is a more powerful tool to decrease China’s energy 

intensity regardless of regional disparities.  
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In parallel to the above stream of research, a few studies in the field of energy economics 

investigated the distinct yet interconnected relationship between FDI and energy 

consumption. However, the empirical findings are also mixed and, taken collectively, 

inconclusive. For example, Doytch and Narayan (2016) investigate the relationship between 

sectoral FDI and energy consumption at industrial level for 74 countries over the 1985–2012 

period. They find that FDI reduces the use of non-renewable energy consumption. On the 

other hand, using panel data for 22 emerging economies over the 1990–2006 period, 

Sadorsky (2010) finds a statistically insignificant effect of FDI on energy consumption. Using 

a sample of 53 countries, Chang (2015) extends Sadorsky’s (2010) analysis by testing for the 

existence of nonlinearities in the relationship between financial development (including FDI), 

income and energy consumption, and a threshold effect of FDI. His empirical results suggest 

that such a threshold effect is statistically insignificant. 

To sum up, according to previous studies (Zheng et al., 2011; Adom, 2015; Huang et al., 

2017), the impact of FDI on energy intensity may depend on the technological absorptive 

capacity of the host country such as domestic innovation efforts and indigenous R&D. This 

suggests that the response of energy intensity to FDI may vary when the level of 

technological absorptive capacity reaches a certain tipping point. In addition, the relationship 

between FDI flows and energy intensity may differ across different economic sectors or 

industries. For example, FDI inflows in the secondary (manufacturing) sector could introduce 

energy-saving technologies effectively (Yuan et al., 2009; Fisher-Vanden et al., 2016) since 

the manufacturing sector has strong backward and forward links with domestic firms 

(Javorcik, 2004; Liu, 2008). However, labour-intensive MNEs in the primary sector might not 
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generate technological diffusion that warrants reductions in energy intensity.  

 

3. Theoretical framework, methodology and data  

3.1. A threshold effect of R&D in the FDI-energy intensity nexus 

We begin by considering the following IPAT model developed by Ehrlich and Holdren 

(1972) to analyze the relationship between FDI and energy intensity: 

𝐼 = 𝑃𝐴𝑇         (1) 

The environmental impact or energy consumption (𝐼) is determined by Population (𝑃), 

Affluence per capita (𝐴) and Technological factors (𝑇). It is well known that inward FDI 

brings growth benefits to host countries through technological spillovers (De Mello, 1999; 

Javorcik, 2004; Li and Tanna, 2019). Although the FDI spillover effects of North to South 

(i.e., from developed to developing countries) are well documented in the literature, it should 

be noted that also across OECD countries there could be considerable differences in 

economic development and technology levels to warrant technological spillovers from FDI to 

take place. This is the case especially when it is acknowledged that OECD member countries 

include, at the high end of the ‘advanced technology’ spectrum, countries such as the USA, 

Germany, UK and Italy, and at the opposite end of the spectrum, countries such as Estonia, 

Latvia and Lithuania, a classification highlighting the inevitable existence of significant 

disparities even within OECD countries. Hence, it is plausible to assume that there may be 

spillover effects resulting from FDI across OECD countries. Therefore, we assume that the 
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increase of 𝐼 in host countries can be attributed to the growth of 𝑇 through both foreign 

technology, 𝑇𝑒, associated with FDI inflows (𝑒) and domestic technological factors 𝑇𝑑.  

Some prior studies (e.g., Zheng et al., 2011; Adom, 2015; Huang et al., 2017) also 

suggest that there is a potential nonlinear relationship between FDI and energy intensity. 

Such a relationship is influenced by technology-related factors of host countries such as 

domestic innovation efforts and indigenous R&D, that contribute to technological absorptive 

capacity3, 𝑓(𝑇𝑑), and further influence an FDI spillover effect, 𝐹𝐷𝐼(𝑇𝑒). In other words, the 

potential FDI spillovers are affected by technological absorptive capacity of host country, and 

the overall foreign technological benefit can be defined as 𝑓(𝑇𝑑) ∙ 𝐹𝐷𝐼(𝑇𝑒). Therefore, 

equation (1) can be re-written as: 

𝐼 = 𝑃𝐴[𝑓(𝑇𝑑) ∙ 𝐹𝐷𝐼(𝑇𝑒) + 𝑇𝑑]          (2)   

and 

𝑓(𝑇𝑑) = {
𝜃, 𝑖𝑓 𝑇𝑑 ≤ 𝛾 

𝜃, 𝑖𝑓 𝑇𝑑 > 𝛾 
         

where 𝜃 < 𝜃 and 𝛾 is the threshold value. Therefore, we propose the following hypothesis: 

If the technology level of the host country is below the threshold point (value), the 

foreign technological benefit is at a relatively lower level, 𝜃 ∙ 𝐹𝐷𝐼(𝑇𝑒); and if the technology 

 
3 The importance of indigenous R&D to technological absorptive capacity has been well documented 

in prior studies. For example, Bosetti et al. (2006) suggest that R&D investments and learning by 

doing are the main drivers of a climate-friendly technical change that ultimately affects energy 

intensity. 
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level of the host country is above the threshold, there will be a relatively higher level of 

foreign technological benefit 𝜃 ∙ 𝐹𝐷𝐼(𝑇𝑒).  

In equation (2), the implication is that when the level of indigenous technology is too low 

or when the level of technological absorptive capacity is not high enough, there is an 

existence of a threshold effect. We can expect such an effect, especially in the secondary 

(manufacturing) sector. FDI inflows to this sector have strong backward and forward links 

with domestic firms (Javorcik, 2004; Liu, 2008) which can effectively introduce energy-

saving technologies (Yuan et al., 2009) and increase the competition in the local market, 

thereby stimulating domestic firms to enhance input in technological innovation (Mold, 

2005). However, as discussed above, the key factor to realise the potential FDI spillovers 

𝐹𝐷𝐼(𝑇𝑒) is dependent upon the function of technological absorptive capacity 𝑓(𝑇𝑑).  

Evidently, FDI inflows to different economic sectors may have different FDI spillover 

effects related to energy intensity in the host country. For example, inward FDI in the 

primary sector has a high level of volatility (Lensink and Morrissey, 2006) because it is 

sensitive to the price of international commodities and the financial risk level is high since 

primary sector FDI heavily relies on intercompany loans rather than equity (Aykut and 

Sayek, 2007). As a consequence, inward FDI in the primary sector, cannot be expected to 

have a positive spillover effect continuously. Also, the nature of resource-seeking primary 

sector FDI may increase the level of ‘greed and grievance’ and bring the Dutch disease (Li et 

al., 2017), thus preventing technology transfer to domestic firms. Furthermore, this type of 

FDI (e.g., in the mining industry) increases the output of energy-intensive products that raise 
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energy intensity through forward linkages between MNEs and domestic firms. These 

considerations suggest that, for primary sector FDI, 𝑓(𝑇𝑑) ∙ 𝐹𝐷𝐼(𝑇𝑒) could be nil or 

negative, with no threshold effect. 

Tertiary sector FDI (e.g., in the banking industry) usually does not increase the output of 

energy-intensive products. Hence, it cannot be expected to introduce energy-saving 

technologies while it brings knowledge spillover and managerial know-how instead. MNEs in 

the tertiary sector have a high level of market power and generally use M&A entry strategies 

instead of Greenfield investment with a crowding-out potential of domestic investment 

(Aykut and Sayek, 2007). Such a potential exerts an adverse effect on energy intensity 

reduction in the host country when indigenous R&D is insufficient (i.e., 𝑇𝑑 ≤ 𝛾) as there are 

limited spillover linkages between MNEs and domestic firms (Chakraborty and 

Nunnenkamp, 2008). However, when the level of domestic R&D is high, the decrease of 

energy intensity can be achieved through foreign competition which can effectively expand 

the business activities of the tertiary sector (Zheng et al., 2011). These channels would 

suggest that there may be a threshold effect of R&D in the relationship between FDI inflows 

to the tertiary sector and energy intensity. 

 

3.2. Empirical model and method 
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This study investigates whether there is a threshold effect of R&D in the relationship 

between sectoral FDI and energy intensity using Hansen’s (2000) threshold estimation 

technique4. The empirical model, based on our theoretical prior, is as follows: 

𝐸𝑛𝐼𝑛𝑡𝑖𝑡 = 𝛽0 + 𝛽1𝐹𝐷𝐼𝑖𝑗𝑡(𝑞 ≤ 𝛾) + 𝛽1
′𝐹𝐷𝐼𝑖𝑗𝑡(𝑞 > 𝛾) + 𝛽2𝑍𝑖𝑡 + 𝜀𝑖𝑡  (3) 

where 𝐸𝑛𝐼𝑛𝑡𝑖𝑡 represents the level of energy intensity in country 𝑖 in year 𝑡5; 𝐹𝐷𝐼 is a ratio 

of sectoral level FDI inflows to GDP with subscript 𝑗 denoting the economic sector, primary, 

secondary or tertiary sector; 𝑞, the threshold variable, is sectoral R&D input which captures 

the effect of 𝑓(𝑇𝑑) in equation (2), and 𝛾 the threshold value; 𝑍 stands for a set of control 

variables including energy price, population size, and income (GDP per capita); 𝛽 refers to 

the coefficient of each explanatory variable and 𝜀𝑖𝑡 is the error term, 𝜀𝑖𝑡 ∼ 𝑖𝑖𝑑(0, 𝜎𝜀
2).  

Two important caveats are in order about our model specification in equation (3). First, 

consistent with the original conceptualization of the concept of absorptive capacity by Cohen 

and Levinthal (1990), our broad R&D measure of technological absorptive capacity aims to 

capture a locus of technological innovation that resides not only within the boundaries of the 

innovating MNE, but also outside it, at the interfaces between firms, universities, research 

laboratories and suppliers. Second, while equations (1) and (2) define the dependent variable 

 
4 Hansen’s (2000) method is based on a cross-sectional estimation which cannot deal with country 

heterogeneity and endogeneity issues. Although GMM-type threshold estimation methods exist, such 

methods require strongly balanced panels. As we use sectoral-level data and data availability prevents 

us from constructing a balanced panel, we cannot use GMM-type threshold estimation methods. 

 
5 We use a country-level measure for energy intensity instead of a sectoral-level measure due to lack 

of sectoral-level data. However, it is reasonable to test the disaggregated effect of FDI on energy 

consumption or intensity measured at an aggregate level or at a level other than the sectoral one. For 

example, Doytch and Narayan (2016) examine the relationship between sectoral FDI inflows and 

industrial energy consumption.  
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as energy consumption in absolute terms, equation (3), our econometric model, defines it as 

energy intensity. This variation from the conceptual ‘standard’ IPAT model that focuses on the 

‘environmental impact’ of energy consumption, is justified on the basis of the fact that energy 

intensity measures the energy inefficiency of an economy, and the greater the energy 

inefficiency of an economy, the greater its environmental impact. This variant of the standard 

IPAT model, therefore, retains its original conceptual focus on ‘environmental impact’. 

In estimating the model in (3), the sample is split into two regimes dependent upon the 

threshold value (𝛾) with the minimised sum of squared residuals (RSS), 𝑆𝑛(𝛾). In order to 

find the threshold point �̂�, we apply a grid search with a 0.15 per cent trim to conduct the 

procedure6 to obtain the minimum of 𝑆𝑛(𝛾): �̂� = 𝑎𝑟𝑔𝛾0
𝑚𝑖𝑛 𝑆𝑛(𝛾), which can effectively 

determine the most appropriate value of �̂�. The next step is to test whether the threshold is 

statistically significant using a Likelihood Ratio (LR) test. The null hypothesis is 𝐻0: 𝛾 = 𝛾0. 

The asymptotic distribution of the LR statistic is calculated as 𝐿𝑅𝑛(𝛾) = 𝑛
𝑆𝑛(𝛾)−𝑆𝑛(�̂�)

𝑆𝑛(�̂�)
 and 

the asymptotic critical values are obtained from Hansen (2000, p. 582). The estimations are 

conducted using robust standard errors to correct for heteroskedasticity. 

In addition, we acknowledge the potential endogeneity problem in the threshold 

estimation. In general, the endogeneity issue stems from reverse causality and/or 

simultaneity. Endogeneity may also be caused by omitted variables, i.e., some factors not 

 
6 The specific number of quantiles can be set rather than having to search for all values of the 

threshold variable so as to speed up the searching process by reducing the number of regressions to be 

performed in the grid search (Chang et al., 2009). As our sample size is similar to Tanna et al. (2018), 

we use the same grid setting (0.15%, 0.30%, 0.60%, … , 99.70%, 100%), which contains 667 

quantiles. 
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included in the regression. In our estimations such an omitted variable may be institutional 

quality, which may correlate with FDI inflows, a correlation then captured by the error term. 

Therefore, we address the potential endogeneity issue using Caner and Hansen’s (2004) 

threshold estimation as one of the robustness tests. Caner and Hansen’s (2004) method is 

very similar to Hansen’s (2000) technique but allows for endogeneity of explanatory 

variables by addressing the problem using instrumental variables7. 

 

3.3. Data 

We use panel data for 34 OECD countries over the 1987–2013 period. The selection of 

sample period and countries is dictated by data availability. Our dependent variable is energy 

intensity, measured by the kilogram of oil equivalent of energy consumption divided by real 

GDP based on purchasing power parity and constant price of US dollars at 2010 (a measure 

consistent with that used by Herrerias et al., 2013; and Adom, 2015). Data for energy 

consumption and real GDP are drawn from the World Bank and UNCTAD, respectively. 

Noticeably, such an aggregate measure captures the effect of intensity inefficiency which, 

however, does not distinguish between a structural effect and an intensity effect. 

Accordingly, following prior studies (e.g., Zha et al., 2009; Huang et al., 2020; Yan and Su, 

 
7 We use real GDP growth per capita, the first difference of sectoral FDI inflows, and the first 

difference of institutions as instruments. However, the limitation of this method is that the data 

availability of the instruments reduces the sample size and, therefore, we do not treat Caner and 

Hansen’s (2004) threshold estimation as the primary empirical method. 



17 

 

2020), as a robustness check we decompose energy intensity by decoupling value added to 

construct an alternative measure that captures the intensity effect.   

The main explanatory variable is net FDI inflows, employed using disaggregated 

measures of inflows to the primary, secondary and tertiary sectors weighted by real GDP. 

This disaggregated inward FDI measure, which captures the importance of sectoral level FDI 

flows to the economy of the host country, is also used by Doytch and Narayan (2016) who 

suggested that FDI in different economic sectors have different effects on both renewable and 

non-renewable energy consumption. As we use a net measure, there are a few negative values 

across the sample in cases where reserve investment is greater than inflows. Also, FDI is 

identified when an investor holds 10 percent or more of the total shares of an enterprise in a 

foreign country, meaning that the foreign direct investor has significant influential power on 

the management of the enterprise.  

The threshold variable, which captures the effect of 𝑓(𝑇𝑑) in equation (2), is R&D input 

measured by the ratio of R&D expenditure to real GDP8. Huang et al. (2017) utilize a similar 

R&D measure to examine a threshold effect of R&D on the relationship between 

technological factors and energy intensity in China. However, moving beyond the state-of-

the-art, our study uses a sectorally disaggregated measure of R&D expenditure in the 

 
8 Although technology T introduced in (1) could be approximated by cumulative R&D expenditures, 

we use annual R&D expenditure, a flow variable, to approximate technological change. The 

justification for such a choice is that OCED countries already have a relatively high level of 

technology and, therefore, technological progress is more important than technological accumulation 

for realising benefits from the latest technology improvement of FDI spillovers. 
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primary, secondary and tertiary sectors. The disaggregated level data of both FDI and R&D 

expenditures are sourced from the OECD website (https://stats.oecd.org/). 

In terms of control variables, we include income and population, also widely used in 

previous studies (see, e.g., York et al., 2003; Hang and Tu, 2007; Chen et al., 2019). Income 

is measured by real GDP per capita in natural logarithm, and population - which also captures 

the effect of country size - is measured by size of total population in natural logarithm9. In 

addition, as energy price is not available for all countries, consistent with prior studies (e.g., 

Mahadevan and Asafu-Adjaye, 2007; Sadorsky, 2010; Chang, 2015; Doytch and Narayan, 

2016), we use the consumer price index to measure the effect of energy price. 

Table 1 reports descriptive statistics. Also, we briefly discuss some stylized facts related 

to the sectoral FDI-energy intensity nexus. We summarize the trend of FDI inflows to three 

economic sectors and energy intensity in the sample countries, using the mean values, in Fig. 

2. Both primary and secondary sector FDI, have a relatively low mean value each year and do 

not appear to correlate with the level of energy intensity. On the other hand, tertiary sector 

FDI has a relatively high mean value and evolves over time following closely energy 

intensity. 

[Table 1 and Fig. 2 here] 

 
9 To alleviate potential concerns of non-stationarity, the income and population variables were 

logged. This is a common transformation used in several studies to stabilize the non-constant variance 

of series that may contain a unit root, with the added benefit that the resulting coefficient estimates 

can be interpreted as elasticities. 

https://stats.oecd.org/
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In addition, we consider whether the sectoral FDI-energy intensity nexus differs by 

splitting the entire sample into three subgroups according to higher and lower values of R&D 

input in three economic sectors. We use the mean value of R&D input (0.0001, 0.0071 and 

0.0439 for the primary, secondary and tertiary sectors, respectively) to determine the 

breakpoint of the sample. Scatter plot diagrams are used to depict the relationship between 

sectoral FDI and energy intensity for each sub-sample. Fig. 3A presents the relationship 

between primary sector FDI and energy intensity for the low R&D input sub-sample, where 

the trend line appears to be horizontal, suggesting no correlation. A similar picture emerges in 

Fig. 3B, suggesting no association between primary sector FDI and energy intensity for the 

R&D input sub-sample. The correlation between secondary sector FDI and energy intensity 

for the low R&D input sub-sample, depicted in Fig. 3C, is positive, while the trend line for 

the high R&D input sub-sample, shown in Fig. 3D, is almost horizontal. Similar patterns 

emerge from Fig. 3E and 3F in depicting the tertiary sector FDI-energy intensity nexus. 

However, the stylised facts shown in Fig. 3A to 3F, are just correlations based on a mean-

based split of the entire sample, allowing for the potential existence of a non-monotonic 

relationship between secondary/tertiary sector FDI and energy intensity for different levels of 

sectoral R&D expenditure to GDP. Also, the differences between the sub-samples look minor 

based on the scatter plot diagrams but these patterns cannot reveal the significance of the 

relationships displayed. Hence, given the possibility of an inherent threshold effect of sectoral 

FDI on energy intensity mediated by the level R&D, such a relationship is subjected to 

formal empirical scrutiny using Hansen’s threshold estimation and the results are discussed in 

the next section. 
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 [Fig. 3A-3F here] 

Finally, to check for possible correlation patterns among the variables, a correlation matrix 

was estimated. As shown in Table 2, since none of the estimated coefficients has values in 

excess of 0.7, the results confirm the absence of any multicollinearity problems.  

[Table 2 here] 

4. Empirical analysis 

4.1. Threshold effect of sectoral R&D in the FDI-energy intensity nexus 

Table 3 reports the estimated results of the relationship between sectoral FDI and energy 

intensity. The columns for Model 1, 2 and 3 show the results using data for FDI inflows to 

the primary, secondary and tertiary sectors, respectively. The p-value of the nonlinearity test 

of Model 1 suggests that there is a potential nonlinear relationship which allows us to split the 

sample into low-R&D and high-R&D regimes on the basis of the value of the threshold for 

further estimation. However, primary sector FDI does not have a statistically significant 

effect on energy intensity under both regimes. Therefore, we cannot conclude that there is an 

explicit threshold effect of primary sector FDI, which is in line with our theoretical prior. In 

terms of control variables, all of them have a statistically significant effect in both regimes, 

supporting our specification. Both GDP per capita and population have a negative effect on 

energy intensity irrespective of the level of sectoral R&D. This is consistent with Sadorsky 

(2013) who suggested that income, measured by the natural logarithm of real GDP per capita, 

decreases energy intensity, and Zhang and Broadstock (2016) who found that population 
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reduces energy intensity. Energy price and sectoral R&D per se, display a similar pattern – 

both have a positive effect on energy intensity in the low-R&D regime while their effect turns 

negative in the high-R&D regime. These are the typical features in the primary sector. When 

the R&D level is low, there is probably no substitute for fossil energy and a higher energy 

price stimulates the extraction industries to produce a greater amount of traditional energy 

products which cause a higher level of energy intensity. When the R&D level is high, 

renewable or clean energy may prevail and higher energy price reduces the incentive to use 

fossil energy. A similar pattern may apply to R&D. An increase in R&D per se improves the 

efficiency of the production of more fossil products, therefore causing higher energy intensity 

when the R&D level is low. However, higher R&D increases the possibility to invite energy-

saving technologies as well as the scale economies of the primary industries, therefore 

reducing energy intensity (e.g., applying plant optimization techniques or using forefront 

environmental systems to reduce carbon emissions and minimise wastewater in mining and 

minerals industries).  

The p-value of the nonlinearity test of Model 2 suggests the existence of a threshold 

effect of FDI. Moreover, the effect of secondary sector FDI is statistically significant and 

positive under the low-R&D regime while it turns to be significantly negative under the high-

R&D regime. These findings are consistent with our theoretical prior, which suggests the 

importance of an R&D threshold effect, and that host countries can effectively realise the 

environmental benefits of energy savings from secondary sector FDI inflows associated with 

energy-efficient technologies when the level of the R&D input is above a certain threshold. In 

addition, regardless of whether the level of R&D input is beyond or below the tipping point, 
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GDP per capita and population have a negative effect on energy intensity whereas sectoral 

R&D has a positive effect. This suggests that the reductive effect of income and population 

on energy intensity tends to be linear in the secondary sector. These results seem plausible. 

Income growth in OECD countries is an essential factor for improving economic structure, 

which has witnessed a shift of energy-intensive heavy subsectors towards high-technology 

subsectors, thereby reducing energy intensity. Similarly, a larger-sized population is 

associated with greater urbanization, which concentrates economic activities and increases 

economies of scale for reducing energy intensity. Also, we can probably infer that secondary 

sector R&D is more related to production per se rather than the development of energy-

saving technologies. Energy price is statistically insignificant under the low-R&D regime 

while it exerts a significantly negative impact under the high-R&D regime, indicating that 

energy price is more sensitive to energy saving when the indigenous R&D level in the 

secondary sector is high, possibly reflecting the higher investment level in R&D.   

We obtain similar results from Model 3. The p-value of the nonlinearity test suggests that 

there is a potential threshold effect of the sectoral R&D input. The marginal effect of tertiary 

sector FDI is also statistically significant and positive under the low-R&D regime while it 

becomes significantly negative under the high-R&D regime. This is in line with our a priori 

expectations. However, the economic rationale pertaining to tertiary sector FDI is different 

from that attributable to secondary sector FDI. When the indigenous R&D input to the 

tertiary sector is low, FDI inflows to this sector might exert a market-stealing and/or 

corwding out effect along with the excessive level of competition10, leading to an increase in 

 
10 For example, Aitken and Harrison (1999) present evidence that the entry of MNEs crowds out 
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energy intensity. When the indigenous R&D level is high, host countries can absorb 

advanced technologies and superior managerial skills from tertiary sector FDI inflows and 

thus reduce energy intensity. Noticeably, the result that FDI in the tertiary sector has a 

significant effect on energy intensity, does not lend itself to an intuitive explanation given 

that the tertiary sector is traditionally considered as energy non-intensive. However, it should 

be noted that energy consumption in the tertiary sector increased rapidly until 2008 for most 

countries in our sample, to only decrease after the economic downturn stemming from the 

global financial crisis. Moreover, as Bosseboeuf (2015) found, electricity intensity is 

increasing in most EU countries in services (despite the economic recession). This is because 

with the growth of the tertiary sector, also thanks to tertiary sector FDI, there is a growing 

number of new appliances in use, such as IT devices, linked to the development of the 

internet and of new telecommunication types, as well as a spread of air conditioning. In terms 

of the control variables, except for energy price and population, the signs of the coefficients 

are the same as those from Model 2 while the significance of the coefficients decreases. The 

effect of population is insignificant under the low-R&D regime but remains negative and 

significant under the high-R&D regime. Interestingly, energy price has a negative influence 

on energy intensity under the low-R&D regime and such impact diminishes under the high-

R&D regime. The reason might be that firms in the tertiary sector do not produce fossil 

 
domestic firms in the host market, which causes their unit cost of production to increase consequently 

leading to a decrease in their productivity. We argue that such market-stealing and crowding out 

effects, may also carry energy use inefficiencies by domestic firms as their level of productivity 

declines.   
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energy and they consume less energy when energy price increases, which is eventually 

reflected by the decrease in energy intensity. 

[Table 3 here] 

4.2. Robustness checks 

In order to check the consistency of the above results, a series of robustness tests were 

conducted using a different estimation method and alternative model specifications. The 

results are presented in Tables 4 to 7. 

 As the potential endogeneity of sectoral FDI has not been properly tackled so far, Caner 

and Hansen’s (2004) method is used to address this issue. This method requires instrumental 

variables, which here are real GDP growth per capita, the first difference of sectoral FDI 

inflows, and the first difference of three institutions11, namely control of corruption, 

bureaucratic quality, and law and order.12 We use the same dataset employed for the 

estimations reported in Table 4 while data availability for instruments (i.e., institutions) 

restricts the sample size for robustness estimation. Table 4 reports the results of the 

robustness tests, which are reassuringly similar. The results of Model 1 suggest that whilst a 

potential threshold of sectoral FDI inflows might exist, there is no statistical difference of the 

marginal effect of primary sector FDI inflows regardless of whether the level of R&D is 

above or below the tipping point. The results of Model 2 confirm there is a threshold effect of 

 
11 The choice of instruments is consistent with that in some prior studies that also employed Caner 

and Hansen’s (2004) method (e.g., Kim et al., 2013; Tanna et al., 2018). 

 
12 Data for such institutional variables are obtained from the International Country Risk Guide 

(ICRG). 
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R&D – secondary sector FDI is significantly and positively correlated to energy intensity 

under the low–R&D regime and such a correlation turns to be significantly negative under the 

high-R&D regime. In Model 3, the influence of tertiary sector FDI is statistically 

insignificant under the low–R&D regime while it becomes significant and negative under the 

high-R&D regime. The p-values of the Hansen’s J test in Models 1–3 reassure as to the 

validity of the instruments in the three models. 

[Tables 4, 5 and 6 here] 

 To test the sensitivity of the results, we also introduce additional control variables in the 

regression using Hansen’s (2000) method. We include the level of energy intensity in 1987 in 

each country since the initial level of energy intensity can influence the subsequent level of 

energy intensity in Table 5 and, additionally, the squared value of GDP per capita as an 

additional regressor to capture the potential nonlinearity of income in Table 6. Again, the 

results are broadly similar, offering further reassurance. 

In addition, we decompose energy intensity into a structural effect and an intensity effect 

and use the change of intensity effect as an alternative measure of the dependent variable. 

The change of intensity effect is calculated using the change of total energy intensity minus 

the shift of economic structure. Following Adom and Amuakwa-Mensah (2016), we define 

economic structure as industrialization, with data drawn from the World Bank. The results, 

reported in Table 7, are broadly consistent with our main results.  

[Table 7 here]  
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We can conclude that our results prove to be fairly robust to different estimation methods 

and changes to our baseline model specification. 

  

5. Conclusion 

Inward FDI has great potential to reduce energy intensity in host countries, thereby 

playing a potentially important role in mitigating the deleterious impacts of climate change 

and carbon emissions. Most previous studies directing attention to the FDI-energy intensity 

nexus assumed a mere linear relationship, no threshold effects of technological absorptive 

capacity, and did not account for the dissimilar effect of FDI inflows across different sectors 

of economic activity. This study examined the impact of sectoral FDI on energy intensity 

associated with the contingent effect of sectoral R&D using Hansen’s (2000) threshold 

estimation.  

Using data for 34 OECD countries over the 1987–2013 period, we find that there is a 

threshold effect of sectoral R&D in the relationship between FDI inflows to the secondary 

and tertiary sectors and energy intensity. The effect of FDI inflows to both sectors is 

statistically significant and positive under the low-R&D regime while the significance of such 

effect diminishes under the high–R&D regime. However, we do not find an explicit threshold 

effect of R&D relating to the association between primary sector FDI and energy intensity.  

The obvious policy implication of our results for OECD countries is that policymakers 

interested in fostering energy efficiency, need to treat FDI inflows across different sectors 
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differently. Our findings also highlight the importance of indigenous R&D in different 

sectors affecting FDI-induced changes in energy intensity differently. In the secondary and 

tertiary sectors, MNEs are generally more energy-efficient than domestic firms and can bring 

potential improvements in energy efficiency, which can be amplified if energy-saving 

technologies are diffused to domestic firms. Therefore, the level of indigenous R&D input, 

which determines the capacities to absorb energy-saving processes from inward FDI, is 

crucial to domestic firms. Such an effect has been well documented by Adom (2015) in the 

context of Nigeria. He found that having economically liberalized since 1989, Nigeria has 

been enhancing the energy intensity reducing effect of FDI along with an increasing level of 

technological absorptive capacity of the country. Our results indicate that this may plausibly 

be the case also for OECD countries. Therefore, OECD countries would benefit from 

enhancing the indigenous level of R&D also for realising energy-saving spillover effects 

from FDI, which could further contribute to mitigating problems associated with climate 

change and environmental pollution. On the other hand, in the primary sector, indigenous 

R&D does not influence the effect of FDI on energy intensity. Countries with rich natural 

resources and good potential for primary sector development constitute a large share of both 

GDP and FDI inflows due to lucrative investment opportunities in extraction. Primary sector 

FDI might exacerbate this dependence. Furthermore, our data suggest that primary sector FDI 

is incompatible with energy-saving improvements or carbon footprint reduction in host 

countries, irrespective of the level of indigenous R&D. Hence, sensible energy-intensity 

reducing policies should aim at setting barriers to foreign investors in the primary sector and 

encourage disinvestment of primary sector FDI.  



28 

 

Fig. 1. Schematic outline of FDI technological spillovers to energy intensity. 
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Fig. 2. Sectoral FDI inflows and energy intensity in OECD countries. 
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Fig. 3A 

Primary sector FDI – energy intensity nexus 

when R&D expenditure is low

 

Fig. 3B 

Primary sector FDI – energy intensity nexus 

when R&D expenditure is high

 
Fig. 3C 

Secondary sector FDI – energy intensity 

nexus when R&D expenditure is low 

 

Fig. 3D 

Secondary sector FDI – energy intensity 

nexus when R&D expenditure is high 

 
Fig. 3E 

Tertiary sector FDI – energy intensity nexus 

when R&D expenditure is low 

 

Fig. 3F 

Tertiary sector FDI – energy intensity nexus 

when R&D expenditure is high 

 

Note: Fig. 3A to Fig. 3F, are plotted on a country-year basis. The horizontal axes 

represent the ratio of sectoral FDI to GDP and the vertical axes represent the level of 

energy intensity. 
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Table 1  

Descriptive statistics. 

Variable Obs. Mean Std. Dev. Min Max 

Energy intensity (kgs per million USD) 429 0.1036 0.0410 0.0348 0.2217 

Primary sector FDI (million USD) 322 1174.557 3953.535 -6248.25 41480.91 

Secondary sector FDI (million USD) 429 5406.63 14696.05 -37967.4 143274 

Tertiary sector FDI (million USD) 295 12411.32 29410.91 -27913.25 228773.7 

Primary sector FDI (of GDP, %) 322 0.0014 0.0062 -0.0036 0.0773 

Secondary sector FDI (of GDP, %) 429 0.0035 0.0374 -0.7065 0.1375 

Tertiary sector FDI (of GDP, %) 295 0.0831 0.4080 -0.5378 3.6140 

Income (million USD) 429 1576817 2797640 7628.58 1.51E+07 

ln(Income) 429 10.22446 0.6088 8.8405 11.6260 

Population 429 4.79E+07 6.54E+07 252852 3.07E+08 

ln(Population) 429 16.7665 1.5591 12.4406 19.5416 

Energy price 429 77.4784 21.5912 0.2023 109.8042 

Primary sector R&D (million USD) 376 134.4239 361.9491 0.133 3110.041 

Secondary sector R&D (million USD) 429 17812.23 38588 9.728 208018.9 

Tertiary sector R&D (million USD) 295 5851.673 16520.7 10.366 95398.16 

Primary sector R&D (of GDP, %) 376 0.0001 0.0003 1.58E-07 0.0025 

Secondary sector R&D (of GDP, %) 429 0.0071 0.0062 0.0001 0.0379 

Tertiary sector R&D (of GDP, %) 295 0.0439 0.1657 2.11E-06 0.9267 
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Table 2 

Correlation matrix. 

 

Energy 

intensity 

Primary 

sector FDI 

Secondary 

sector FDI 

Tertiary 

sector FDI 

Primary 

sector 

R&D 

Secondary 

sector 

R&D 

Tertiary 

sector FDI Income Population 

Energy 

price 

Energy intensity  1          

Primary sector FDI -0.0733* 1         

Secondary sector FDI 0.0171 0.0034 1        

Tertiary sector FDI 0.2748*** -0.0339 -0.0533 1       

Primary sector R&D -0.0909* 0.3798*** 0.0387 -0.0694 1      

Secondary sector R&D 0.0191 -0.1668*** 0.0048 -0.1450** -0.1672*** 1     

Tertiary sector FDI 0.3161*** -0.0775 0.0480 0.2781*** -0.0038 -0.1432*** 1    

Income -0.6406*** 0.0323 0.0040 -0.2198*** 0.2735*** 0.2619*** 0.0447 1   

Population -0.1351*** -0.0015 -0.0325 -0.3226*** -0.1175** 0.2912*** -0.5217*** -0.1983*** 1  

Energy price -0.4642*** 0.1753*** 0.0126 -0.0952* 0.0553 0.3215*** -0.0725 0.5425*** 0.0574* 1 

*** p-value < 0.01; ** p-value < 0.05, * p-value < 0.1. 
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Table 3  

The effect of sectoral FDI on energy intensity. 

 Model 1 

Primary sector 

Model 2 

Secondary sector 

Model 3 

Tertiary sector 

p-value of nonlinearity test 0.000*** 0.000*** 0.000*** 

Tipping point  q⩽0.0001 q>0.0001 q⩽0.0039 q>0.0039 q⩽0.0079 q>0.0079 

Sectoral FDI -0.7884 -0.0807 1.2006*** -0.0386** 0.0854* -0.0104*** 

 (0.7126) (0.1535) (0.2060) (0.0181) (0.0445) (0.0035) 

GDP per capita -0.0492*** -0.0392*** -0.0490*** -0.0564*** -0.0385*** -0.0856 

 (0.0040) (0.0055) (0.0031) (0.0033) (0.0036) (0.0075) 

Population -0.0106*** -0.0058** -0.0197*** -0.0040** 0.0022 -0.0235*** 

 (0.0018) (0.0022) (0.0012) (0.0016) (0.0014) (0.0031) 

Energy Price 0.0004*** -0.0010*** 0.0001 -0.0008*** -0.0014*** 0.0003 

 (0.0001) (0.0002) (0.0001) (0.0001) (0.0003) (0.0002) 

Sectoral R&D 2.0758*** -0.8596* 3.5884** 1.3153*** 1.1624 0.0724*** 

 (0.6607) (0.4519) (1.7781) (0.2631) (1.1159) (0.0106) 

Constant 0.7383*** 0.6971*** 0.8977*** 0.8163*** 0.5768 1.2910 

 (0.0521) (0.0605) (0.0425) (0.0384) (0.0490) (0.1218) 

R 0.4797 0.6241 0.7673 0.5312 0.7083 0.9015 

N 221 101 174 255 162 61 

*** p-value < 0.01; ** p-value < 0.05, * p-value < 0.1. Estimation is by Hansen’s (2000) method. The dependent variable is energy intensity. 

Robust standard errors (reported in parenthesis, below the coefficient estimates) correct for heteroskedasticity. q is the threshold determined by 

sectoral R&D expenditure. N denotes the number of observations. 
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Table 4 

Robustness check with endogeneity concern. 

 Model 1 

Primary sector 

Model 2 

Secondary sector 

Model 3 

Tertiary sector 

p-value of nonlinearity test 0.000*** 0.000*** 0.000*** 

Tipping point  q⩽0.0004 q>0.0004 q⩽0.0105 q>0. 0105 q⩽0.0082 q>0.0082 

Sectoral FDI 2.2615 0.2644 0.0408* -0.2010*** 0.1177 -0.0040** 

 (2.0038) (0.3735) (0.0207) (0.0765) (0.0881) (0.0017) 

Overid 0.1135 0.5411 0.3365 

N 258 32 292 103 124 71 

*** p-value < 0.01; ** p-value < 0.05, * p-value < 0.1. Estimation is by Caner and Hansen’s (2004) method. The estimates are reported for sectoral 

FDI only. The dependent variable is energy intensity. Robust standard errors (reported in parenthesis, below the coefficient estimates) correct for 

heteroskedasticity. q is the threshold determined by sectoral R&D input. N denotes the number of observations. Overid represents the p-value of 

the Hansen J over-identification test. 
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Table 5 

Robustness checks, controlling for initial energy intensity. 

 Model 1 

Primary sector 

Model 2 

Secondary sector 

Model 3 

Tertiary sector 

p-value of nonlinearity test 0.000*** 0.000*** 0.000*** 

Tipping point  q⩽0 .0001 q>0 .0001 q⩽0.0105 q>0. 0105 q⩽0 .0003 q>0 .0003 

Sectoral FDI -4.2776 0.1848 0.3271*** -0.0014  -0.1139 -0.0203*** 

 (3.8956) (0.1583) (0.1320) (0.0091) (0.1172) (0.0042) 

Initial energy intensity 0.3515*** 0.7283*** 0.2918*** 0.6981*** -0.0391 0.7144*** 

 (0.0319) (0.0294) (0.0191) (0.0239) (0.1132) (0.0330) 

N 89 215 138 272 46 160 

*** p-value < 0.01; ** p-value < 0.05, * p-value < 0.1. Estimation is by Hansen’s (2000) method. The estimates are reported for sectoral FDI and 

initial energy intensity only. The dependent variable is energy intensity. Robust standard errors (reported in parenthesis, below the coefficient 

estimates) correct for heteroskedasticity. q is the threshold determined by sectoral R&D expenditure. N denotes the number of observations. 
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Table 6 

Robustness checks, controlling for the potential nonlinearities in income. 

 Model 1 

Primary sector 

Model 2 

Secondary sector 

Model 3 

Tertiary sector 

p-value of nonlinearity test 0.000*** 0.000*** 0.000*** 

Tipping point  q⩽0 .0001 q>0.0001 q⩽0.0039 q>0.0039 q⩽0.0079 q>0.0079 

Sectoral FDI -0.8007   -0.0862 1.1068*** -0.0102 0.0834* -0.0121*** 

 (0.7045) (0.1563) (0.1972) (0.0226) (0.0454) (0.0032) 

Square of GDP per capita  0.0012*** 0.0320*** 0.0122*** 0.0160*** -0.0016 0.0406 

 (0.0076) (0.0066) (0.0028) (0.0082) (0.0053) (0.0076) 

N 221 101 174 255 162 61 

*** p-value < 0.01; ** p-value < 0.05, * p-value < 0.1. Estimation is by Hansen’s (2000) method. The estimates are reported for sectoral FDI and 

square of GDP per capita only. The dependent variable is energy intensity. Robust standard errors (reported in parenthesis, below the coefficient 

estimates) correct for heteroskedasticity. q is the threshold determined by sectoral R&D expenditure. N denotes the number of observations. 
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Table 7 

Robustness checks, using the change of intensity effect. 

 Model 1 

Primary sector 

Model 2 

Secondary sector 

Model 3 

Tertiary sector 

p-value of nonlinearity test 0.000*** 0.000*** 0.000*** 

Tipping point  q⩽0 .0001 q>0.0001 q⩽0.0012 q>0.0012 q⩽0.0156 q>0.0156 

Sectoral FDI 1.1173 0.2998 3.7250* -0.0793* 0.0570 -0.0533** 

 (1.0028) (0.3974) (2.0713) (0.0421) (0.0660) (0.0186) 

N 200 99 38 361 187 19 

*** p-value < 0.01; ** p-value < 0.05, * p-value < 0.1. Estimation is by Hansen’s (2000) method. The estimates are reported for sectoral FDI only. 

The dependent variable is the change of intensity effect. Robust standard errors (reported in parenthesis, below the coefficient estimates) correct 

for heteroskedasticity. q is the threshold determined by sectoral R&D expenditure. N denotes the number of observations. 
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