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Abstract (English): 

This study examines the relationship between energy infrastructure and FDI. It finds that, 
all else equal, a one percent increase in energy infrastructure reliability as measured by decreased 
electricity distribution losses contributes to an increase in FDI inflows by around 0.5%. Similarly, 
a decrease in the frequency and duration of electricity outages also contributes to increased FDI 
inflows. Furthermore, the study also shows some signs that while energy infrastructure availability 
on its own may not be an important FDI determinant, increased energy production from renewable 
sources can be an important FDI determinant. All else equal, an increa
reliance on renewable energy by one percent, can attract between 0.1% to 0.2% more FDI, 
depending on the income-level of the country. Hence, while investment in energy infrastructure 
offers many benefits such as improved productivity or improved health and education outcomes, 
it also provides positive externalities in the form of increased FDI inflows. 
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Introduction 
Foreign direct investment (FDI) has been an important companion of trade since the dawn 

first multi-national corporations 

(MNCs), is one of the pioneers of direct investment abroad. As early as in the sixteen-hundreds, 

the Company established factories in Indonesia where it produced the spices it subsequently sold 

in Europe (Greenville 2017). Since then, FDI became a wide-spread phenomenon across the world. 

Just in the last fifty years, FDI activity (as a percentage of GDP) increased more than four-fold 

world-wide and the total amount of FDI flows in the world reached more than $1.3 trillion (USD) 

in 2019. In the period between 1970 and 1974 the median FDI-to-GDP ratio across the world was 

just above 0.6%. In the five-year period between 2015 and 2019, on the other hand, this ratio 

increased to more than 2.5% (World Bank 2020).1 Moreover, while in the 1970s the median high-

income country received more than twice the amount of FDI low-income countries received, 

currently low-income countries are at the forefront of FDI (World Bank 2020).  

This increase of FDI flowing into developing countries can be partially attributed to factors 

such as the increase in trade openness or the relaxation of cross-border capital movement 

regulations across the world (Asiedu 2002). However, the proliferation of FDI-attracting policies 

across the developing world also plays an important role. Such policies differ country-by-country, 

but they often include elements such as lower trade tariffs and lower corporate tax rates for foreign 

investment (Wekesa et al. 2016). Given the large fiscal constraints that developing nations are 

 

 

 
1 This section uses the median ratios of FDI to GDP, as opposed to the average of this ratio, in order to 

account for some of the variation across countries. Some countries, especially known tax havens, have extremely high 
FDI/GDP ratios which greatly skew the averages. 
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facing during the COVID-19 pandemic, countries ought to re-evaluate their FDI-attracting 

strategies and construct sustainable policies that do not erode their fiscal capacity. Investment in 

infrastructure can be one such policy. While many direct effects and positive externalities of 

infrastructure development are discussed in academic literature and political discourse, the effect 

of infrastructure availability and reliability on FDI inflows is an understudied topic.  

This study aims to fill this gap and provide empirical evidence on the FDI-attracting nature 

of infrastructure reliability. It focuses primarily on energy infrastructure as the most understudied 

type of infrastructure in relation to FDI. The study finds that, all else equal, a one percent increase 

in energy infrastructure reliability as measured by decreased electricity distribution losses 

contributes to an increase in FDI inflows by around 0.5%. Similarly, a decrease in the frequency 

and duration of electricity outages by a percentage point contributes to an increase in FDI inflows 

by around 0.1%. The study also finds that the FDI-attracting effect of energy infrastructure 

reliability varies with the income-level of the host country. While energy infrastructure reliability 

has a 0.3% positive effect on inward FDI into lower-middle income countries, its effect on upper 

middle-income countries can be as high as 0.6% or higher. Furthermore, the study also shows 

some signs that while energy infrastructure availability on its own may not be an important FDI 

determinant, when combined with reliance on renewable energy it can be an important FDI 

determinant. All else equal, an increase in a host by one 

percent, can attract between 0.1% to 0.2% more FDI, depending on the income-level of the 

country. Hence, while investment in energy infrastructure offers many benefits such as improved 

productivity or improved health and education outcomes, it also provides positive externalities in 

the form of increased FDI inflows. Improving the reliability of their energy infrastructure can help 
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countries attract more FDI in the short-run, while investing in renewable energy generation may 

be important in the long-run. 

The remainder of this paper is structured as follows: the first section gives background 

information on the purpose and motivation of this study, as well as presenting stylized facts about 

its current relevance; the second section summarizes the existing academic thought on the topic, 

both from a theoretical perspective and from an empirical perspective; the following section 

describes the methodology of this paper and the data it uses; the fourth section presents the 

empirical results of the study; and the fifth section describes the policy implications of this work 

and concludes.  

Background 

Infrastructure: Improving Connectivity and Productivity 

Physical infrastructure is the backbone of economic activity. Roads, railways, seaports, and 

airports ensure that people can get access to goods and services; fast and reliable internet and 

telecommunication services connect people to each other and make economic activity more 

efficient; a stable and reliable electricity supply guarantees that those goods and services can be 

produced in the first place. In Korea alone, in a given day, more than 13 million vehicles are on 

the road; over 3 million passengers board a plane; 800,000 tons of goods are loaded and unloaded 

in the port of Busan; around 8,000 tons  

around 13 million people use the Seoul Metrorail System; and Koreans send over 11 billion 

messages on the Kakaotalk messenger. This is all powered through the consumption of over 

385,000 tons of oil equivalent (TOE) units of energy and the generation of almost 200 GWh of 

electricity per day. Hence, a reliable infrastructure is needed for all this activity to occur smoothly. 
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Yet, worldwide, the availability and reliability of infrastructure is lagging. According to 

the World Bank, more than 840 million people live far away from all-weather roads, 1 billion 

people have little to no access to electricity, and 4 billion people have no access to the internet on 

a daily basis. Given this imperfect state of infrastructure quality in the world, it is imperative to 

carefully examine the benefits of increased infrastructure quality to help policy makers in 

developing countries design short-term and long-term strategies of infrastructure development. 

Focusing on energy infrastructure, this study attempts to do just that  it examines when countries 

should invest in improve their energy availability by increasing their generation capacity, for 

example, and when they should improve their reliability by lowering their distribution and 

transmission losses or ensuring there are fewer electric power outages. 

Recent Trends in Energy Infrastructure 

Figure 1. Energy Access and Generation Statistics (1990  Present) 

Source: World Bank, World Development Indicators (WDI) (2020) 

Access to electricity and energy infrastructure availability has increased dramatically over 

the past three decades. Whereas in 1990, only 16% of households in low-income countries had 

access to electricity, in 2017 almost 40% of those households are connected to the grid (almost a 
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2.5-fold increase). Similarly, in 1990, only 51% of households in the lower middle-income group 

had access to electricity, whereas in 2017, this number jumped to almost 77% (a 50% increase). 

The access to electricity rates improved even in upper middle-income and high-income countries, 

albeit more modestly, since there was less space for improvement (World Bank 2020). 

Such an increase in access to electricity demanded an increase in electricity generation 

capacity. As shown in Figure 1A, generation capacity also increased across the world. In high-

income countries, this number increased from around 1500 MW/capita to over 2200 MW/capita. 

In low-income countries this number went from 55 MW/capita to 81 MW/capita; in lower middle-

income countries it increased more than 2.5-fold, going from 95MW/capita to over 260MW/capita; 

and in upper middle-income countries it more than doubled, going from around 345MW/capita to 

just over 730 MW/capita. Unfortunately, most of this increase came from non-renewable sources. 

Figure 1B shows that while the share of renewable energy (excluding hydropower) increased 

dramatically for high-income countries, renewable energy sources such as solar energy, wind 

energy, geothermal energy etc. still make up less than 13% of the energy production in those 

countries. These numbers are even lower for upper middle-income (~3%), lower middle-income 

(~6%), and low-income countries (~1%). 

Nonetheless, while renewable sources currently only produce a miniscule fraction of the 

energy consumed around the world, the trend of increased reliance on renewable energy as shown 

in Figure 1B is expected to continue. For one, renewable energy generation prices have fallen 

substantially. In the last ten years alone, the price of onshore wind technology fell by 39%, while 

the price of solar Photovoltaics (PV) fell by 82% (IRENA 2020). In addition, 56% of the cases in 

which generation capacity was increased through renewable sources achieved lower electricity 

costs than the cheapest new coal plant (IRENA 2020). Along with falling prices, the signing of 
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multilateral environmental agreements such as the Paris Agreement of 2015 signals that the 

preferences of the global community are shifting towards increased renewable energy generation 

as opposed to fossil fuel energy generation. International investors are taking note of these trends 

and favoring renewable energy projects over fossil fuel projects (Bumpus & Comello 2017). 

Hence, for long-term FDI projects, the  source of the energy may become just as 

important as the generation capacity or the overall availability of the energy infrastructure.  

Figure 2. Energy Reliability Statistics (2006  Present) 2 

Source: World Bank, Enterprise Surveys (WBES) (2020) 

Furthermore, while Figure 3 showed that the availability of energy infrastructure increased 

around the world, its reliability improved only in high-income and upper middle-income countries. 

Figure 2A shows that firms in high income countries reported practically no monthly power 

 

 

 
2The numbers reported for High Income countries in Figure 3 are likely lower than reported here. The reason for that 
is because these data come from the World Bank Enterprise Surveys which are typically only administered in countries 
that ar -income). Most Western 
Europe countries, the US, Canada, Australia, Japan, and other highly developed nations are not included there. 
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outages in recent years, whereas firms in upper-middle income countries only reported an average 

of just above 1 power outage a month in the period between 2014 to 2019. This is almost a four-

fold decrease from the 4.8 power outages a month, reported in the period between 2006 and 2013. 

By contrast, firms in lower middle-income and low-income countries still experience, on average 

6 or 9 outages a month, respectively. Though these numbers have dropped since 2006, they remain 

relatively high. Moreover, as shown in Figure 2B, the duration of the outages did not change much. 

An average power outage lasts over 5 hours in low-income and lower middle-income countries, 

whereas in high-income and upper middle-income countries that number is lower than 3 hours. 

Perhaps the clearest indication that energy infrastructure reliability remains an issue across the 

world is the fact that, as shown in Figure 2C, the percentage of firms owning or sharing electricity 

generators increased across the world, with an exception of upper middle-income countries. Over 

60% of the firms in low-income countries own or share a generator, whereas almost 40% of firms 

in lower-middle income countries do the same. The numbers in upper middle-income and high-

income countries also remain high, at 25% and 29%, respectively. 

Social Benefits of Improved Energy Infrastructure 

Improving the availability and reliability of energy infrastructure can bring many benefits 

to a developing country. Access to electricity can increase the productivity of businesses since it 

allows the use of efficient electric equipment and tools. The review of an electrification project in 

rural Kenya found that connecting small and micro enterprises to the grid resulted in the 

improvement in productivity per worker by as much as 100 or 200%, depending on the task carried 

out (Kirubi et al. 2009). This increase in productivity resulted in a corresponding growth in income 

levels between 20% and 70%, depending on the industry in which the firms were engaged, and the 

products they made. The same study also found that electrification led to an improvement of the 
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productivity in the agriculture sector as well, by allowing for more mechanization. Farmers from 

other regions (as far as 100km away) started renting their tractors to the newly electrified region 

because the electrification ensured that they can use wielding and other electric tools to fix the 

tractors in the case of a breakdown (Kirubi et al. 2009).  

However, increased access to electricity does not only affect the productivity of businesses. 

It also has broader societal impacts. A randomized controlled trial in Tanzania confirms some of 

the findings above and adds that improved access to electricity may also increase the labor supply, 

particularly among women. Aevarsdottir et al. (2017) find that access to electricity allows women 

in Tanzania to perform some household duties at night, freeing their daytime hours for employment 

and leading to an increase in the labor supply by 5% or more. Furthermore, the availability of 

electricity is essential for delivering health services. Health care providers without electricity 

connections or with unreliable electricity supply can face problems with the storage of vaccines 

and medicines requiring refrigeration; with the sterilization of medical tools due to the lack of 

proper sterilization equipment; have no illumination for performing any medical procedure; cannot 

offer health services after sunset; and be unable to power laboratory equipment to adequately 

diagnose patients (World Bank 2017). 

Improving the availability and reliability of energy infrastructure also allows households 

to use clean energy for cooking (instead of using open fires) and offers them long-term health 

benefits by reducing indoor air pollution and the risk of respiratory illnesses (such as asthma and 

tuberculosis). For example, a study in Guatemala, found that, on average, infants born to mothers 

who used clean energy for cooking weighed 89 g more than those born to households using open 

fires (Thompson et al. 2011). Cooking with wood and fossil fuels leads to over 4 million premature 

deaths per year across the world due to the ensuing household air pollution (WHO 2016). Illnesses 
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such as lung cancer, ischemic heart disease, and acute lower respiratory infections, all related to 

household air pollution, cause more than half a million premature yearly deaths in Sub-Saharan 

Africa alone (World Bank 2014). This makes household pollution the second largest health risk 

factor associated with death and disability in the region. Yet, because of inadequate local energy 

infrastructure, more than 3 billion people globally continue cooking with solid fuels and kerosene, 

despite the established evidence describing the negative health, environmental, and economic 

impacts of such practices. Improving these households  electricity access could lead to 

substantially better health and wellness outcomes. 

Nonetheless, the benefits of increased energy infrastructure availability described above 

would be noticeably lower if that infrastructure was unreliable. Using survey data from Pakistan, 

Samad & Zhang (2018), for example, find that the lack of connectivity and especially the low 

reliability of the electricity supply in Pakistan may be costing the country around $4.5 billion 

(USD) per year. This translates to a loss of more than 1.7 percentage points of GDP, yearly. Yet, 

the reliability of the electricity supply is not an issue specific to developing countries. Developed 

countries experience reliability problems as well. For example, even though the US, one of the 

most developed nations in the world, seldom experiences large power outages or disruptions in its 

electricity supply, the economic impact of the rare and mostly small electricity supply disturbances 

that do occur is estimated to be $80 billion (USD), yearly (LaCommare & Eto 2004). In another 

example in 2003, a single tree falling into an important power line in Switzerland caused an 

estimated loss of $1.3 billion (USD) as 56 Million people in Switzerland and Italy were left without 

power for several hours (Böttcher 2016). Hence, when assessing the impact of energy 

infrastructure on other economic indicators it is important to look not only at energy infrastructure 

availability, but also at energy infrastructure reliability. 
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Energy Infrastructure and FDI: Some Stylized Facts 

As detailed above, many channels through which the improvement of energy infrastructure 

availability and reliability can improve the economic well-being of people have already been 

established. However, an interestingly understudied topic is the effect of energy infrastructure on 

FDI. Particularly, the potential of energy infrastructure as an FDI determinant in developing 

countries has not been studied extensively. Yet, as Figure 3 and Figure 4 show, there may be a link 

between the two variables. 

Using data from the World Bank World Development Indicators (WDI) and the World 

Bank Enterprise surveys (WBES), we can examine whether countries with more available and 

reliable electricity supply, on average, receive more FDI (as a percentage of GDP). Figure 3 

visualizes the relationship between FDI inflows as a percentage of GDP and four different energy 

infrastructure availability indicators: 1. The percentage of households with access to electricity, 2. 

The per- The share of electricity 

generation from renewable sources (including hydropower sources), and 4. The share of electricity 

generation from renewable sources, excluding hydropower sources (all from the WDI database).  

As seen in the figure, there seems to be a strong positive correlation between energy 

infrastructure availability and FDI inflows. Countries with relatively higher access to electricity 

receive almost 4 times as much FDI as those with less access to electricity. Similarly, countries 

with higher per-capita generation capacities receive almost 3 times as much FDI as those with 

lower per-capita generation capacity. The relationship between reliance on renewable generation 

and FDI inflows is unclear. Using the renewable energy (including hydro) as a percentage of total 

generation indicator we find that countries more reliant on renewable energy receive less FDI, 

while using the same indicator and excluding hydropower we find that the generation source has 
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no effect on the level of incoming FDI. However, since most of these indicators are highly affected 

by the income level of a country, a regression analysis which isolates the energy availability 

component from the income component is necessary to isolate the effect of the variable of interest.  

Figure 3. FDI Inflows (% of GDP) by Energy Availability 

Source: World Bank, WDI and WBES (2020) 

Similarly, Figure 4 visualizes the relationship between FDI inflows as a percentage of GDP 

and five different energy infrastructure reliability indicators: 1. The System Average Interruption 

Frequency Index (SAIFI), 2. The System Average Interruption Duration Index (SAIDI), 3. 

Distribution and Transmission Losses as a percentage of total output (all from the WDI database), 

4. The average number of power outages in a month (from the WBES database), and 5. The average 

duration of power outages (also from the WBES database). However, in this case, the figures 

account for country income differences through normalizing the reliability indicators using the per 

capita GDP of the FDI receiving country  for example, the number of outages is reported as the 

number of outages/GDP per capita (in thousands).  
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Figure 4. FDI Inflows (% of GDP) by Energy Reliability (normalized using GDP per capita)  

Source: World Bank, WDI and WBES (2020) 

The results show that regardless of the reliability indicator used and even after accounting 

for country income levels, countries with more reliable energy infrastructure, receive, on average 

more FDI.  If we use distribution and transmission losses as a reliability indicator, then countries 

with distribution and transmission losses/GDP per capita values below the world median receive 

only about half as much FDI (as a % of GDP) as countries with values equal to or above the 

median. The scale is similar when using SAIFI/GDP per capita or SAIDI/GDP per capita as a 

reliability indicator. Using the number and duration of outages/GDP per capita, on the other hand, 

shows that countries with values below the median receive less FDI by a magnitude between 0.6% 

to 0.9% of their GDP. These results are not as strong as the first three, but they are nonetheless 

substantial. However, what all these results show together is that energy infrastructure reliability 
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Literature Review 

Summary of Academic Thought on FDI Determinants and Energy Infrastructure 

Empirical literature mentioning infrastructure as an FDI determinant has existed since at 

least the 1970s. Agodo (1978) and Root & Ahmed (1979), for example, both mention physical 

infrastructure as one of the determinants of incoming FDI in the context of developing countries. 

However, like subsequent studies on FDI determinants from the next few decades, infrastructure 

indicators are seldom the primary focus of the study and if mentioned, these indicators focus on 

the availability of the infrastructure, rather than its reliability. Agodo (1978), for example, uses a 

calculated infrastructure score based on interviews with industry representatives as an indicator of 

infrastructure, while 

the availability of electricity in a country (though, not 

necessarily as an energy infrastructure indicator).  

Similarly, Wheeler & Moody (1992), one of the earliest studies directly investigating the 

role of infrastructure as an FDI determinant and one of the most commonly cited articles in this 

field of research, uses a zero-to-ten rating scale to determine the (loosely defined) quality of 

infrastructure. Many other subsequent studies (Ancharaz 2003; Asiedu 2002; Jordaan 2010; and 

Moosa 2012, among others) use the number of telephones per 1,000 inhabitants as a proxy for the 

availability of infrastructure. These studies not only solely focus on infrastructure availability as 

an FDI determinant, but also often completely ignore the role of energy infrastructure. Most studies 

either focus on transport infrastructure, or they focus on the digital infrastructure of a country. The 

reliability of infrastructure, in general, and the reliability of energy infrastructure, more 

specifically, are widely ignored in the FDI determinants literature. 
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From a theoretical perspective, the literature linking energy infrastructure reliability and 

FDI flows is even more scarce. The most developed theoretical body of literature on FDI 

determinants is at the firm-level and concerns the factors that influence Multinational Corporations 

(MNCs) to make the decision to engage in direct investment abroad. Given that this body of 

literature mostly engage in 

foreign direct investment activity, it does not focus on the effect of infrastructure, in general, or 

energy infrastructure, specifically. Studies such as Helpman et al. (2004), Yeapple (2009), Antras 

& Helpman (2004), Kohler & Smolka (2014), and others fall within this category.  

At the country-level, the theoretical literature establishing the connection between energy 

infrastructure (or physical infrastructure, in general) and FDI inflows is also scarce. The theoretical 

part of Wheeler & Mody (1992), while focusing on agglomeration economies, argues that 

infrastructure acts as an input-augmenting production factor. Meaning, while infrastructure is not 

in itself a production factor, well-developed infrastructure enhances the efficiency of other 

production factors. Seetanah & Khadaroo (2008) is one of the few studies attempting to directly 

establish the relationship between physical infrastructure and FDI inflows from a theoretical 

perspective. Like Wheeler & Mody (1992), this study characterizes infrastructure as an important 

intermediate input and argues that infrastructure availability lowers the production costs for the 

firms engaging in FDI and increases their profitability and productivity. However, this latter study 

only focuses on transport infrastructure and, like most studies concerning the effect of 

infrastructure on FDI inflows, largely ignores the effect of energy infrastructure. Hence, more 

research is needed to establish a concrete theoretical link between energy infrastructure and FDI 

inflows. Nonetheless, most theoretical literature agrees that infrastructure is particularly relevant 

for developing countries and not so relevant for already developed countries. 
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The remainder of the literature review section of this study is structured as follows. First, 

it offers a more detailed account of the theoretical literature regarding infrastructure as an FDI 

determinant. Next, presents the empirical support for the effect of infrastructure, in general, on 

inward FDI and the empirical support for energy infrastructure, in particular. It concludes by 

summarizing the gaps in the research and describing how this research project addresses these 

research gaps and how it contributes to the literature. 

The Theoretical Link between Energy Infrastructure and FDI 

The theoretical literature concerning the positive effects of energy infrastructure on human 

capital, economic growth, and productivity is abundant. However, an increased inflow of FDI is 

seldom mentioned as one of the positive externalities of better energy infrastructure. This literature 

review exercise was not able to find any standalone theoretical papers specifically modeling the 

effect of energy infrastructure in the context of FDI. However, most empirical studies testing the 

effect of host country physical infrastructure on FDI inflows offer important theoretical insights 

on the relationship between the two variables. Hence, the theoretical literature section of this 

literature review will be split in two sections: the relationship between quality physical 

infrastructure and FDI and the positive externalities of energy infrastructure reliability. Combining 

these two bodies of research, this literature review section will be able to establish theoretical 

support for a relationship between energy infrastructure availability and reliability on FDI inflows.  

One of the earliest studies including infrastructure variables in FDI inflow models is Agodo 

(1978). This study attempts to explain the determinants of the direct investment of US 

Based 

on this study, the primary role of physical infrastructure in FDI decisions of firms is related to the 
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perceived operational efficiency and the resulting profitability of the investment. Particularly, in 

the context of developing countries, this study claims that infrastructure is as an important of an 

structure of the company, its management, or the technology it uses. However, the study fails to 

develop a concrete theoretical link between the two variables. 

Similarly, Loree & Guisinger (1995) and Root & Ahmed (1979) also do not focus on 

energy infrastructure, but only on transport and communication infrastructure. Both argue that 

infrastructure is an imperative FDI determinant, but its importance varies by the objectives of the 

firm. Firms focused on exporting the majority of the output from the facility in which they invested 

do not place much importance on infrastructure availability, while firms focused on the domestic 

market may place more importance on infrastructure availability. However, such an argument is 

mainly applicable to transport or digital infrastructure and has limited applicability for energy 

infrastructure. Reliable energy infrastructure is important regardless of the destination of the 

outputs since without it, the outputs cannot even be produced. 

Even in Wheeler & Mody (1992), the theoretical support for the inclusion of infrastructure 

variables in FDI flow models remains underdeveloped. Nonetheless, in their influential study, 

Wheeler & Mody (1992) argue that infrastructure is not as a production input in itself, but is an 

augmenting factor to other inputs. This is an important development because this theoretical 

reasoning is not only applicable to transport infrastructure, but also to digital infrastructure, and 

most importantly for the purpose of this study, energy infrastructure. Transport infrastructure could 

be considered an input-augmenting factor since its availability allows a firm to first receive its 

inputs (in cases of manufacturing firms, especially) and later distribute the finished products. 

However, similarly, energy infrastructure could also be considered an input-augmenting factor 
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because its availability provides firms with a key production factor  electricity. Crucially, though, 

the reliability of energy infrastructure may be even more important than its availability. While 

unpaved roads (a potential measure of transport infrastructure reliability) still allow trucks to pass 

through, albeit slowly, unreliable electric supply may completely stop production and even destroy 

the production machinery. Hence, in this case, unreliable electricity supply not only does not 

augment the other inputs, but it also may harm them. 

Unlike the previously mentioned studies in which the effect of improved infrastructure is 

not the main investigative focus, Richaud et al. (1999) is a rare case of a study that directly 

investigates the positive externalities of infrastructure. Even though the study focuses on growth 

spillovers of infrastructure, explaining the interaction between infrastructure and FDI is one of the 

main objectives of the study. However, Richaud et al. (1999) employs a different approach 

compared to the previously mentioned literature and focuses on the benefits of country-level versus 

regional-level infrastructure development policies. Its main argument is that infrastructure 

development has many positive externalities which are not constraint to national borders. An 

improvement of the infrastructure of one country, for example, leads to positive outcomes such as 

larger FDI inflows not only to that country, but also its close neighbors. Hence, the authors argue, 

that large infrastructure projects should be implemented at the regional level. However, while this 

may be true for transport infrastructure since its primary goal is improved connectivity, the same 

argument is weak in the case of energy infrastructure. It is hard to argue that the improvement of 

the electricity grid in one country will have spillover effects in terms of increased FDI inflows into 

neighboring countries since the firms and households of the neighboring country are only 

connected to their . 
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Therefore, similar to most of the studies mentioned above, its findings are mostly applicable to 

transport infrastructure and ignore energy infrastructure.  

Similar to Richaud et al. (1999), Seetanah & Khadaroo (2008) is also directly concerned 

with the positive externalities of infrastructure development. However, unlike in the previous case 

which focuses on the infrastructure development benefits from a growth perspective, albeit through 

the FDI channel, Seetanah & Khadaroo (2008) is directly concerned with the FDI-inflow-

enhancing properties of infrastructure. Though Seetanah & Khadaroo (2008) is also focused on 

transport infrastructure, some of its theoretical conclusions can be applied to energy infrastructure 

as well. For example, its argument that while infrastructure development can enhance both 

horizontal and vertical FDI, this relationship is stronger in the case of vertical FDI since the 

primary channel through which infrastructure affects FDI is cost reduction are applicable to all 

types of infrastructure. 

Furthermore, similarly to Wheeler & Mody (1992), Seetanah & Khadaroo (2008) argue 

that infrastructure acts as an intermediate input in production. The authors argue that if 

it themselves if they wanted to operate successfully. This makes infrastructure an important 

intermediate input. The authors also argue that quality infrastructure also quality infrastructure 

transportation equipment, a similar argument could be made in the case of energy infrastructure. 

Frequent and unexpected electricity outages, inadequate lightening protection, and other similar 

problems with energy infrastructure may damage machinery (World Bank 2017). Thus, reliable 

infrastructure raises the return on investments and makes a country more attractive for FDI.  
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Figure 5. The Relationship between Infrastructure and FDI 

Source: Wekesa et al. (2016) 

Wekesa et al. (2016) also directly investigates the relationship between infrastructure and 

FDI inflows. However, unlike the previously mentioned studies (Seetanah & Khadaroo 2008, 

included), the authors investigate all different types of infrastructure and do not specifically focus 

on transport infrastructure. Just like Seetanah & Khadaroo 2008, Wekesa et al. (2016) argue that 

infrastructure is indeed a public good and as such has an important effect on the cost structure of 

Similarly, they also focus on the 

counterfactual scenario of what MNCs would have to do if the government was not providing the 

needed infrastructure and conclude that public infrastructure reduces the cost of investment. The 
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figure above is taken from this study and explains the relationship between infrastructure and FDI 

in detail, offering a glimpse of the long-term outcomes of this relationship as well.  

As evident by the literature described above, the theoretical link between infrastructure and 

FDI inflows is mainly based on transport infrastructure. While some features of transport 

infrastructure are similar to the features of other infrastructure types, the development of each type 

of infrastructure delivers positive externalities through distinct channels. For example, increased 

connectivity (be it physically or digitally) is one of the benefits of developing transport and digital 

infrastructure, however this is less applicable in the case of energy infrastructure. Energy 

infrastructure has, arguably, a more fundamental role in the production of goods and services as it 

directly affects production processes. For that reason, in the case of energy infrastructure, 

reliability may be a more important factor than availability. 

The importance of energy infrastructure reliability has been discussed by many (McCarthy 

et al., 2007; Straub, 2008; Schuler, 2010; Cohen et al., 2016; Millen, 2017; Brinkis et al., 2012; 

Hibbard et al., 2017; Blimpo & Cosgrove-Davies, 2019). Tierney et al. (2017), for example, argue 

that a reliable electricity supply is a necessary condition to ensure economic development, while 

also being an important factor for maintaining public health and safety. Furthermore, studies such 

as Millen (2017) and Cohen et al. (2016) also find energy infrastructure reliability to be an 

important factor for households considering whether to join the national grid. Households may 

elect not to join the national grid and use stand-alone generators if the electricity supply is unstable 

and unreliable. Nonetheless, the importance of energy infrastructure reliability in the context of 

FDI has seldom been discussed until now. 
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Empirical Literature 

The empirical literature confirming the effect of infrastructure on FDI inflows is more 

developed than its theoretical counterpart. However, even in empirical literature the effect of 

transport infrastructure is studied in detail while the effect of energy infrastructure is often ignored. 

This section of the literature review will present the evolution of the empirical support for the 

effect of infrastructure on FDI inflows. It starts by describing some earlier studies (the theoretical 

sections of some of which were mentioned above) which use interview methods to establish the 

link between the two variables. It continues by presenting the bulk of the empirical literature on 

the relationship between infrastructure and FDI which is focused either on overall physical 

infrastructure proxies or is based on transport infrastructure. Lastly, it finishes by presenting the 

empirical results of the few studies which include energy infrastructure variables and establishes 

the need for further research. As mentioned in the theoretical section of this literature review, most 

of these studies focus exclusively on developing countries since the FDI determinants of developed 

countries are different from those of developing countries. 

Some of the earlier empirical studies on the effect of infrastructure on FDI inflows are 

based on survey responses. Agodo (1978) aims to explain the determinants of the direct investment 

of US manufacturing firms in Africa. The study uses the t-test method, as well simple and multiple 

OLS regression analyses. The statistical tests are based on hard data such as total GDP, GDP per 

representatives. The infrastructure variable is based on the second kind of data. The respondents 

the regression analysis, infrastructure availability in the host country was the indicator with the 

second highest coefficient, only second to the population size of the host country. As mentioned 
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in the theoretical part, operational efficiency stemming from infrastructure availability was 

described as the main reason for such a high degree of importance. 

Similarly, Wheeler & Mody (1992) also use interview data to establish the link between 

FDI inflows and infrastructure. This study uses survey data on the capital expenditure of US MNCs 

published by the US Department of Commerce and country scores from Business Intelligence on 

a range of host-country factors, including infrastructure. The infrastructure is assessed on a scale 

from 0-10, where the score of zero was awarded to the countries with the worst transport, digital, 

and energy infrastructure conditions and vice-versa. Like in Agodo (1978), the infrastructure 

variable in Wheeler & Mody (1978) also includes all the different infrastructure types without 

differentiating between them and focuses on infrastructure availability rather than reliability. 

Nonetheless, the results of log-linear and interactive-linear regressions support the positive effect 

of infrastructure availability on FDI inflows. Like Agodo (1978), this study also shows that 

infrastructure has one of the highest coefficients in the model, particularly for the subset of 

developing countries analyzed in the study.  

Building on this earlier literature, the next group of empirical studies use proxies for 

infrastructure availability and/or reliability which are not based on interviews, but rather on hard 

data. A common trend in studies assessing the impact of infrastructure on FDI is to use the proxy 

ility. Studies such as 

Ahmad et al. (2015), Asiedu (2002), Benhame (2012), Campos & Kinoshita (2003), Morrisset 

(2000), Rehman et al. (2011), among others have all used this proxy. Rehman et al (2011) for 

example, tests the importance of infrastructure as an FDI determinant for Pakistan. The study 

employs the Autoregressive Distributed Lag (ARDL) bounds testing approach on a time-series 

dataset of FDI inflows. The use of this testing approach is justified due to the limited number of 
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observations (since their study covers only one country). Traditional methods, such as OLS, often 

fail to provide meaningful results in cases with limited numbers of observations. Using this 

approach, the authors can prove that the infrastructure proxy is positive and significant, suggesting 

incoming FDI. Similarly, Ahmad et al. (2015), also uses the ARDL bounds testing method to 

investigate the role of infrastructure on FDI. However its focus is Malaysia, and the study uses a 

time-series dataset consisting of FDI stocks, instead of flows, into Malaysia for the time period 

between 1980 and 2013. The authors argue that FDI stocks are more stable than FDI flows and, 

thus, offer a better view of the FDI coming into a country. In this study as well, the infrastructure 

proxy is positive and significant, suggesting that infrastructure availability played an important 

role in attracting FDI to Malaysia. 

Benhame (2012), Campos & Kinoshita (2003) and Morrisset (2000), on the other hand, are 

not bound to specific countries but study the impact of infrastructure availability on inward FDI 

for larger groups of countries. Benhame (2012), for example, studies this relationship in the context 

of South Asian countries for the period between 1980 and 2009. The study uses bilateral FDI flows 

panel data and a random effect OLS regression. Its results are inconclusive, with the infrastructure 

proxy showing a positive and significant result in most equations, but that significance vanishing 

once the model controls for the human capital of the host country. The regions of interest in the 

Campos & Kinoshita (2003) study, on the other hand, are Eastern Europe and Central Asia and the 

period covered is 1990 to 1998. Like Ahmad et al (2015), but unlike Rehman et al. (2011) and 

Benhame (2012), the authors use bilateral FDI stocks as the main dependent variable in this study. 

The authors use a fixed-effect OLS model, as well as generalized method of moments (GMM) 

estimates to test the robustness of the results. The infrastructure proxy is not significant, or only 
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significant at the 10% level when the regression estimates are calculated for the entire dataset. 

However, for the group of Commonwealth of Independent States (CIS) countries (which includes 

former Soviet Union countries, with the exclusion of Baltic states), the infrastructure proxy is 

positive and highly significant. The authors explain this difference by arguing that because CIS 

countries receive FDI mostly in the resource sector, good physical infrastructure is important.  

In the case of Morrisset (2000) and Asiedu (2002), the region of interest is Sub-Saharan 

Africa. Similarly to Campos & Kinoshita (2003), Asiedu (2002) also attempts to explain the 

determinants of FDI into different groups of developing countries. Specifically, this study is 

interested in the FDI determinants for the Sub-Saharan region of Africa. The study uses OLS 

estimation methods on cross-sectional data from 71 developing countries. The dependent variable 

is the ratio of FDI inflows to GDP. The infrastructure proxy is tested both as an untransformed 

variable and as a quadratic variable (to test whether there is a threshold for its effect). However, 

while the untransformed proxy is positive and significant, the quadratic one is insignificant. The 

results remain the same even when robustness checks using panel data are performed. 

Interestingly, Asiedu (2002) is one of the first studies stressing the importance of infrastructure 

reliability, and not just availability, though is not able to test it due to the lack of data. Similarly, 

Morrisset (2000) is also interested in Sub-Saharan Africa and it uses fixed-effect panel and cross-

sectional estimation methods to test the effect of the infrastructure proxy on FDI inflows. However, 

in this case, the infrastructure proxy is insignificant. The author points to the inadequacy of the 

proxy as one of the potential explanations as to why infrastructure does not have a significant 

impact on FDI inflows and suggests future studies use more specified indicators. 

argument is valid, given the inconsistency of the results that we have seen coming from all the 
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studies above that use the same indicator. Nonetheless, their results are promising and indicate that 

infrastructure may indeed be an important determinant of FDI inflows for developing countries. 

Against this background, the next group of empirical studies discussed in this literature 

review uses more specific infrastructure indicators and tries to differentiate between the different 

types of infrastructure. Cheng& Kwan (2000), for example, use three different measures of 

infrastructure: road length per squared kilometers of land, high grade paved road length per 

squared kilometers of land, and railway length per squared kilometers of land. Their GMM 

estimations reveal that road density is important, while the quality of the roads and the availability 

of railways are less important as FDI attractors. Their findings, however, have limited applicability 

to the rest of the world since they only use Chinese data and they only cover the period between 

1985 to 1995. Nonetheless, this is an interesting finding because it shows that in the case of 

transport infrastructure in China, infrastructure availability may be more important than 

infrastructure reliability. Nonetheless, given that the indicators used are strictly transport 

indicators, the findings of this studies cannot be applied to other types of infrastructure.  

Similarly, Fung et al (2005) also use kilometers of rail and kilometers of paved roads as 

indicators of infrastructure. Just as Cheng& Kwan (2000), they also use Chinese FDI data, 

however, their period of study is between 1990 and 2002. Using panel regression techniques, the 

authors confirm that the roads indicator is consistently positive and statistically significant, while 

using indicators such as the number of Special Economic Zones per region and the proportion of 

output produced by State-Owned Enterprises (SOEs) is more important.  

Nonetheless, even though these studies and others such as Barzelaghi et al. (2012) try to 

use multiple different infrastructure indicators, they only focus on transport infrastructure and 
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ignore other infrastructure types. Loree & Guisinger (1995), is one of the earlier cases which goes 

beyond transport infrastructure indicators and uses multiple different digital infrastructure 

indicators as well. This study compiled an infrastructure dataset of 22 different indicators such as 

number of televisions, number of television stations, kilometers of paved highways, number of 

usable airports, passenger kilometers flown per capita, etc. to construct infrastructure indices. The 

results of the study show that both transport and digital infrastructure are an important determinant, 

however, they also completely ignore energy infrastructure indicators. In fact, with a few 

exceptions, only a handful of very recent studies include energy infrastructure indicators or focus 

entirely on energy infrastructure as an FDI determinant. 

Root & Ahmed (1979) is one of the first and few empirical studies to include an energy 

infrastructure variable in its FDI determinants equation. The authors study a group of seventy 

developing countries which received different levels of FDI from the US in the manufacturing 

sector. Among other factors, they test the empirical significance of energy production, measured 

as tons of coal per 1000 inhabitants. The results of a multiple discriminant analysis revealed that 

energy production has a positive and highly significant correlation with the dependent variable as 

well as with the GDP growth rate. Unfortunately, given that energy infrastructure was not the 

primary focus of the study, the authors do not go into more detail about these results and their 

 (Root & Ahmed 1979). 

Castro et al. (2007), Fitriandi et al. (2014), Chakrabarti et al. (2012), Jordaan (2008), 

Kumar (2006), and Wekesa et al. (2016), also test the significance of energy infrastructure as an 

FDI determinant. Chakrabarti et al. (2012), for example investigate the effect of different 

infrastructure types on FDI flows into 600 different Indian districts with data between 2001 and 
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2009. They use fixed-effect panel regressions, controlling for state level characteristics. Their 

findings differ somewhat from the rest of the literature as they can establish a non-linear 

relationship between infrastructure and FDI inflows. They find that up to a certain threshold, 

infrastructure availability has no effect on FDI, however once that threshold is crossed, the effect 

of infrastructure becomes strongly positive and highly significant. Nonetheless, just as most other 

studies described in this literature review section, they also only focus on energy infrastructure 

availability and not on reliability. Their indicator of choice is the percentage of households with 

electricity connections. Furthermore, they use all infrastructure indicators to create an overall 

infrastructure index and do not provide separate results for the different infrastructure modes. 

Kumar (2006) also performs a similar exercise, however, in this case the data comes from 

66 different countries for the period between 1982 and 1994. Using indicators such as road length 

per square kilometer of area, telephones per 100 inhabitants, and others for transport and digital 

infrastructure, as well as energy use per inhabitant for energy infrastructure, the author creates an 

infrastructure index and assesses its importance in the context of FDI. Kumar (2006) finds the 

infrastructure indicator to be important for the case of all firms as well as export-oriented firms 

specifically. This is different from Jordaan (2008) which gets mixed results on the significance of 

energy infrastructure in Mexico. Using random, between, and fixed effect generalized least squares 

(GLS) estimations of Mexican FDI data between 1998 and 2006, Jordaan (2008) establishes that 

infrastructure (including energy infrastructure) is not an important FDI determinant for export-

oriented firms. His results, however, do support the significance of infrastructure as an FDI 

determinant for inward-oriented firms. The difference may lie on the subset of countries chosen. 

While Jordaan (2008) studies Mexican FDI exclusively, Kumar (2006) has a larger subset of 

countries in its data. Furthermore, the source country in the case of the former is the entire world, 
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the availability of energy infrastructure only (measured as the percentage of households with 

electrical connection in the Mexican case or energy intensity in the Kumar 2006 study), the studies 

fall short on exploring the total potential effect of energy infrastructure on FDI. 

Unlike Chakrabati et al. (2012) and Kumar (2006) and just like Jordaan (2008), Wekesa et 

al. (2016) do not construct an overall infrastructure index but examine the effect of each mode of 

infrastructure separately. Wekesa et al. (2016) use Kenyan FDI data from the period between 1970 

and 2013 and focus exclusively on the effect of infrastructure on FDI. They test the effect of 

multiple indicators for each infrastructure type. For energy infrastructure, they create an index 

based on per capita electricity consumption and oil consumption, energy generation-over-demand 

ratio, the share of renewable energy generation , and the 

percentage of households connected to the electricity grid. Unfortunately, the empirical results of 

the multiple regression analysis are not significant for the energy indicator and are only robust for 

the transport indicator. The authors argue that this may be due to the exclusion of electricity prices 

from the indices. However, it could also be due to the study solely focusing on energy 

infrastructure availability and not its reliability. Castro et al (2007), run a similar test for the case 

of Argentina and obtain similar results. The use a spatially autoregressive (SAR) model to examine 

the determinants of FDI flowing into different Argentinian provinces. Similarly to Wekesa et al. 

(2016) they also only find transport infrastructure to be significant. 

Fitriandi et al. (2014), on the other hand, use data from 30 Indonesian provinces for the 

period between 2000 and 2009 to test the significance of infrastructure as an FDI determinant. The 

infrastructure indicators this study uses are electricity distribution and road length over the 

 land mass and the per capita water distribution and water capacity. The results of 
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OLS, logit, Tobit, Poisson, and negative binomial models (NBMs) all show positive and significant 

results across the different modes of infrastructure examined. The energy infrastructure indicator 

is estimated to have a higher effect than the water infrastructure indicator, but a lower effect than 

the road and digital infrastructure indicators. However, just as in Wekesa et al (2016), Castro et al. 

(2007), and other similar studies, the indicator it uses is also solely based on energy infrastructure 

availability and not on reliability. 

Armah & Fosu (2016) and Khan et al. (2020) focus exclusively on the effect of 

infrastructure on FDI inflows to focus on energy. The first study examines the effect of social 

infrastructure  defined as communal facilities such as schools, hospitals, cultural centers, and 

religious facilities, among others  and economic infrastructure (a synonym for physical 

infrastructure) on FDI inflows in Ghana (Armah & Fosu 2016). The authors use a Two Stage Least 

Squares (2SLS) estimation model and quarterly time series data from the period between 1975 and 

2012. The energy indicator of choice is electricity production (kWh) with the argument that 

electricity generation is crucial component of all development projects. Their empirical results 

show that a percentage increase in the availability of energy infrastructure in Ghana can lead to an 

increase in FDI inflows up to 0.8%. This effect is over three times larger than that of social 

infrastructure. Nonetheless, as is common in this field of research, this study also only focuses on 

energy infrastructure availability and not on reliability. 

Khan et al. (2020), on the other hand, investigates the relationship between energy 

infrastructure and foreign direct investment in China between 1988 and 2017 using ARDL model 

and the vector error correction model (VECM). Unlike all previously mentioned studies, Khan et 

al. (2020) also includes energy infrastructure reliability indicators. The study uses an energy 

infrastructure index constructed by Donbauer et al. (2016) which includes indicators on energy 
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production and consumption (as availability indicators) and distribution and transmission losses 

(as reliability indicators). Using an ARDL bound test, the authors determine that the causality runs 

form energy infrastructure to FDI and not vice-versa. The energy infrastructure index is positive 

and significant even after including control variables such as trade openness, domestic investment, 

and institutional quality. An increase of energy infrastructure availability and reliability by one 

percent can increase FDI inflows between 0.3 and 0.5 percent, in the case of China. The authors 

check the robustness of these results using the Johansen multivariate cointegration test. 

Nonetheless, because of the nature of the index, they do not differentiate between the effect of 

energy infrastructure availability and reliability. Hence, further research needs to differentiate 

between those two factors to see whether one has a bigger impact than the other and to test this 

relationship for other countries besides China.  

This master thesis research project attempts to fill in this gap in the energy infrastructure 

literature by providing cross-country results and testing the impact of energy infrastructure 

availability and reliability separately. This research will also contribute to the overall literature on 

the effect of infrastructure on FDI inflows given that this field of research: a) does not examine 

the effect of energy infrastructure, but only focuses on transport infrastructure and (in some cases) 

on digital infrastructure, b) does not focus on infrastructure reliability, but only in infrastructure 

availability, and c) mostly provides country-specific results and not cross-country results. 

Furthermore, it also provides preliminary empirical results about the growing importance of a host 

iveness. 
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Methodology 

The Model 

In order to test the effect of energy infrastructure on FDI as accurately as possible, this 

research project will use a bilateral FDI model. Bilateral FDI models are popular in the FDI 

determinant literature because they allow us to control not only for host country characteristics, 

but also for source country characteristics (Asiedu, 2002; Seetanah & Khadaroo, 2008; Blonigen 

& Piger, 2014). After controlling for source country characteristics we can capture the main FDI 

determinants and have a higher degree of certainty that our results are meaningful. The most 

developed model of bilateral FDI flows is the Gravity Model. Like the Gravity Model on trade, 

the Gravity Model on FDI argues that size and proximity indicators are the most important ones 

in explaining the FDI flows between countries. The Gravity Model for trade was first developed 

by Walter Isard in 1954. In its most basic form, the model is written as follows: 

 

On the left side of the equation, noted with F i

j. G, the market 

i j, M, and the distance between i

j, D.  

However, the exact specifications of the Gravity Model used to explain FDI flows differ 

by the income-level of countries being studied. On top of traditional indicators such as market size, 

proximity, purchasing power, openness, etc. which are common in the studies of FDI flows 

between developed countries and developing countries alike, factors like institutional quality, 
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human capital, exchange rate regimes, and others are often mentioned. The infrastructure quality 

of the host country is sometimes also mentioned as an FDI determinant in the studies regarding 

FDI flows involving developing countries. However, as we saw from the literature review section, 

even the cases when physical infrastructure is mentioned as one of the FDI determinants, energy 

infrastructure is often neglected. Therefore, this research project uses the following models: 

1) 

 

this model, the main independent variable is lnFDIflow_ij, which denotes the bilateral FDI flows 

from the source country to the host country. The main control variables are the following: lngdp_j, 

which measures the market size of host country; lngdpcap_j, which measures the purchasing 

power of the host country; lndist_ij, which measures the distance between the host and the source 

country; lnarea_i+j, which measures the physical size of the two markets, combined; contig_ij, 

which is a dummy variable confirming whether the two countries have a contiguous border with 

each other; comcol_ij, which is a dummy variable confirming the existence of a colonial 

relationship between the two countries; fta_ij, which is a dummy variable confirming the existence 

of a free trade agreement between the two countries; lnopen_j, which measures the openness of 

 lnfxrate_j

currency; and lnhumancap_j, which measures the human capital level of the host country.  

The main independent variable, lngencap_j, is a measure of the energy infrastructure 

availability of the host country. To account for year-specific factors affecting the dependent 

variable, the model uses yearly fixed effects, denoted by gamma ( ). To account for differences in 
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the source country, the model also uses source-country fixed effects, denoted by delta ( ). Lastly, 

the error term is captured using the epsilon symbol ( ).  

2) 

 

The second model uses the same dependent and control variables, but with a different main 

independent variable. Here, lndistribloss_j is the main independent variable and it measures the 

reliability of the energy infrastructure in the host country. The same model will also be tested using 

alternative measures of energy infrastructure reliability, such as the indices for the frequency and 

the duration of power outages (SAIFI and SAIDI). These models also use source-country and 

yearly fixed effects. 

3) 

 

The third model, on the other hand, combines models 1 and 2 and tries to see whether 

energy infrastructure availability or energy infrastructure reliability is more important as an FDI 

determinant. The third model, however, expands on the previous model and tests the importance 

of renewable energy reliance on FDI inflows. The variable genrenew_j captures the share of total 

electricity that is generated using renewable energy sources. In other words, the third model also 

tests whether increased reliance on renewable sources has an impact on incoming FDI. The rest of 

the model, including the fixed effects, remains the same as the second model. Summary statistics 

for the variables included in all three models, as well as other variables that were tested but were 

not included in the models can be found in Appendix I. 
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The Indicators and the Data 

FDI Flows 

The main dependent variable is the The 

literature on FDI determinants is split on what the correct measure of inward FDI is  whether  

using FDI stocks or FDI flows is better. Bilateral FDI stocks measure the total level of direct 

investment from the source country to the host country at a given point in time, usually at the end 

of the year. Studies such as Ahmad et al. (2015), Campos & Kinoshita (2003), etc. use FDI stocks 

as the main dependent variable. They argue that FDI stocks are more stable than FDI flows and, 

thus, offer a better view of the FDI coming into a country. Because FDI stocks measure the total 

level of FDI at any given point in time, the magnitude of the difference year-by-year is not as large 

as with FDI flows. For example, FDI stocks from Germany to Turkey only changed from $379 

million to $375 million (USD) (UNCTAD, 2020).  

Bilateral FDI flows, on the other hand, measure the total value of direct investment from 

the source country to the host country during a given time period, usually a year. Unlike bilateral 

FDI stocks, they have a higher tendency to show high magnitude changes from one year to another. 

Nonetheless, authors, such as Rehman et al. (2011) and Benhame (2012), etc. for example, use 

FDI flows as the main dependent variable. They argue that FDI stocks are too rigid and do not 

adequately show the year-to-year changes in bilateral FDI between two countries. For example, 

while the FDI stocks from Germany to Turkey stayed at $375 million (USD) in 2005 and 2006 the 

FDI flows decreased from $391 million to $357 million (USD) (UNCTAD, 2020). This change in 

bilateral FDI tendencies between the two countries for these years is not captured at all. 

Furthermore, the magnitude of the year-to-year changes can be especially useful since it may 

highlight the response of investors to changing factors within the host country. For example, if a 
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new, less democratic government is installed in a country, FDI flows could capture the nervousness 

of the investors better than FDI stocks.  

While considering both sides of the argument, this study uses FDI flows as the main 

dependent variable, though the results will also be presented using the FDI stocks variable. The 

main reason for that is data availability. Bilateral FDI stocks covering most of the world are only 

available in the (UNCTAD) Investment Statistics and Trends Database. However, this database 

ends at 2012, not capturing the most recent years. FDI data from the IMF, on the other hand, are 

available for the period between 2009 and 2018. However, these data are only available as FDI 

flows. To create a bilateral FDI dataset that captures as many years as possible, this research project 

uses a combination of data from UNCTAD (for the 2001-2012 period) and from the IMF (for the 

2013-2018 period). The final bilateral FDI dataset contains over 175,000 observations, with data 

for 190 host countries over a period of 18 years.3 By using the year fixed effect in the regression 

analysis, the data variations between the two sources as well as concerns about the dynamism of 

the FDI flows variable (as opposed to the rigidity of FDI stocks) are mitigated. 

Market Size 

Market size is one of the main components of the Gravity Model and a key control variable. 

The size of the market is important because it captures some of the main economic conditions of 

the host country, but also because it dictates the potential local demand for goods and services 

produced by the investor in the host country. The latter is particularly important for horizontal 

 

 

 
3 Not all 190 countries have available data for all 18 years. Some only reported their FDI inflows for a limited 

number of years. 
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FDI. It is inevitable that countries like China, for example, with a population of almost 1.4 billion 

and a total GDP of more than 13.6 trillion (USD) will receive more FDI (in absolute terms) than 

countries like Montenegro, with a population of just over 600,000 and a total GDP of just 5.5 

billion (USD) (World Bank, 2020). 

The relevance of the market size as an FDI determinant is greatly supported by empirical 

literature (Wheeler and Mody, 1992; Loree and Guisinger, 1995; Asiedu, 2002, Seetanah & 

Khadaroo, 2008; Blonigen & Piger, 2014). The measure for market size used in this study is 

Nominal GDP in current USD. Though some studies use Real GDP as a measure of market size, 

the usage of Nominal GDP is more wide-spread (Asiedu, 2002). Furthermore, while some authors, 

like Scaperlanda and Mauer (1969) argued that market size only influences FDI inflows once a 

certain threshold of GDP is reached, the vast majority of literature considers this indicator linear 

and does not transforms it using a square root. Moreover, the total land area is an alternative market 

size indicator often used in bilateral FDI models (Coughlin et al. 1991, Benhame et al. 2012). The 

latter is measured as the total land area of the host country in square kilometers. The data for both 

of these variables 

covers over 200 countries over a period of 60 years. 

Country Income and Purchasing Power 

The purchasing power of the host economy is also a standard FDI determinant. Based on 

the literature on FDI determinants, the purchasing power determinant used in this study is GDP 

per capita in current USD (Asiedu, 2002, Seetanah & Khadaroo, 2008; Blonigen & Piger, 2014). 

This indicator not only controls for the overall level of income and the purchasing power of host-

country citizens, but it also reflects the overall level of development of the host country. This is 

particularly relevant for the infrastructure determinant since part of the variation in infrastructure 
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can be explained by the overall development level of the country (Wheeler & Mody, 1992; Asiedu, 

2002; Seetanah & Khadaroo, 2008).  

Furthermore, some scholars consider GDP per capita as a measure of the investment 

climate in a country (Wei, 2000; Asiedu, 2002) capital abundance 

(Edwards, 1990). The GDP per capita level of the host country could also be a proxy of its wage 

levels (Rehman et al. 2011). However, other authors like Wekesa et al. (2016) prefer indicators 

that are more directly linked to the wage level (i.e. average annual earnings in USD) as proxy for 

wages. Regardless of the exact number of factors for which GDP per capita affects, it is nonetheless 

an important control variable for the purpose of this study. Like for the previous determinant, the 

. 

Distance and Borders 

Together with market size, distance is one of the key components of the Gravity model and 

a very important bilateral FDI determinant. Countries that are close to each other are more likely 

to trade with each other, but also to invest in each other. Conversely, the farther away from each 

other two countries are, the likelihood of FDI flows decreases (Wheeler and Mody, 1992; Loree 

and Guisinger, 1995; Asiedu, 2002, Seetanah & Khadaroo, 2008; Blonigen & Piger, 2014). The 

main reasons for this relationship are trade costs. With an increase in distance between two 

countries, transportation costs and other trade costs increase, and the investment becomes less 

profitable. It is no surprise that other neighboring countries are the biggest receivers of most 

countr  Italy, Poland, the 

Netherlands, and France make up the top 6 German FDI destinations (OECD 2020). 

Unsurprisingly, all, but one of these countries (Italy) share borders with Germany. 
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The variable used to measure the distance between the two bilateral FDI partners is the 

Database published by the French Center for Research and Expertise on the World Economy 

(Centre d'Etudes Prospectives et d'Informations Internationales 

Database contains information about the main gravity indicators for every country-pair in the 

world, starting from the year 1948. However, because this distance variable only measures the 

distance between capitals, this research project also includes a dummy variable depicting the 

existence of a contiguous land border between the source country and the host country. The usage 

of this variable is also supported by empirical literature (Chakrabati, 2001; Blonigen & Piger, 

2014). The data for this variable also come from the CEPII database. 

Colonial Relationship 

This study also includes dummy variables depicting whether the host country shares a 

former colonial relationship with the source country (was colonized by it or was the colonizer of 

it). It has been shown in literature that countries sharing a colonial past tend to trade and invest in 

each other in relatively high amounts (Asiedu, 2002; Seetanah & Khadaroo, 2008). The existence 

of cultural similarities between the countries  language similarities, customs similarities, shared 

history, etc.  can help explain this relationship. The existence of long-established trading 

partnerships and population migrations between the countries can also be one of the reasons why 

such a relationship exists (Wekesa et al. 2016). The data for this variable come from the CEPII 

database as well. 

Openness and Free Trade Agreements 

The openness of a country to trade and foreign investment is also an important FDI 

determinant. The exact effect of this indicator is hard to theorize. A more closed economy might 
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attract horizontal FDI, but it will deter horizontal FDI. The reason for that can be explained by the 

-up 

subsidiaries in the host country in order to serve the local market. However, firms which are 

focused on export-oriented investments may shy away from closed-off countries

be faced with high tariffs and high transaction costs (Asiedu 2002). Hence, the openness of the 

country could be particularly important for those firms oriented in the export market, such as those 

that aim to participate in global value chains. Given the importance of global value chains in 

an overall positive effect of openness is stronger.  

The most common indicator used to measure openness in the literature is the ratio of trade 

to GDP (Hufbauer et al., 1994; Blonigen & Piger, 2014; Wekesa et al. 2016). This indicator could 

also be used as a proxy of trade restrictions of a country. The more open a country is to the rest of 

the world, the more likely it is to have leaner tariffs and non-tariff restrictions. However, indicators 

such as the effective tariff rate are more appropriate as proxies for trade restrictions. Following the 

practices established by the literature, the openness indicator used in this research project is the 

ratio of trade to GDP, available at the World Development Indicators Database. 

Similarly to the overall openness of a country, the relative openness of the host country to 

the source country  the existence of a free trade agreement between the host country and the 

source country  also helps facilitate FDI flows among them. However, the effect of an FTA on 

FDI flows between a country pair is much clearer. Given that free trade agreements often remove 

most tariffs and non-tariff barriers to trade and investment, they are especially beneficial for 

vertical FDI (Wekesa et al. 2006). Furthermore, because FTAs also often include dispute 

settlement mechanisms and investment protection clauses, they are likely to attract both kinds of 
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FDI (Seetanah & Khadaroo 2008). The indicator used to measure the existence of an FTA between 

the host and the source country is a dummy variable from the CEPII Gravity database. 

Exchange Rates 

The FDI determinant literature concerned with FDI inflows to developing countries also 

often includes exchange rate indicators. A weaker real exchange rate may attract vertical FDI 

because firms from the source country will seek to profit from the relatively low fixed and variable 

costs in the host country. It may also be beneficial for export-oriented firms as a weaker exchange 

rate will make their exports cheaper, and thus more attractive (Walsh & Yu 2010). Such a 

relationship has been empirically tested by Blonigen and Feenstra (1996), Blonigen (1995) and 

Froot & Stein (1991), Rehman et al. (2011), and others. Like Rehman et al. (2011), this study uses 

the official exchange rate from local currency units to USD indicator from the World Development 

Indicators Database.  

Human Capital 

The effect of human capital on FDI is also an extensively studied topic. Firms interested in 

investing in a foreign country are not only focused on the potential lower cost of labor in that 

country but are also concerned with the quality of that labor. The more educated and healthier a 

labor force, the faster they can learn and adopt new technology, resulting in higher levels 

of productivity. Higher levels of education also indicate the availability of skilled workers, which 

can further improve the attractiveness of the country to foreign investors (Seetanah & Khadaroo 

2008). The effect of human capital is applicable to both horizontal and vertical FDI at the same 

magnitude, since both types of FDI seek to maximize productivity and profitability.  

This relationship has been tested and confirmed empirically by many studied (Root and 

Ahmed, 1979; Chakrabati, 2001; Asiedu; 2002, Seetanah & Khadaroo, 2008; Blogigen & Piger, 
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2014, etc.). The indicator used in this research project is the human capital index from the latest 

version of the Penn World Tables which is based on years of schooling and returns to education. 

This indicator is more refined than the typical one used in literature  years of schooling  since it 

also indirectly measures the quality of the education by controlling for returns on education. 

Energy Infrastructure 

The main independent variables are those concerning the availability and the reliability of 

energy infrastructure. The empirical and theoretical support for the inclusion of energy 

infrastructure indictors has been discussed at length in the literature review section. Hence, this 

section will only describe which indicators will be used to measure energy infrastructure 

availability and reliability.  

While some authors have used the percentage of households with access to electricity as 

an availability measure (Jordaan, 2008; Chakrabarti et al. 2012; Fitriandi et al. 2014), a more 

common measure of energy infrastructure availability is the generation capacity of a country 

(Armah & Fosu, 2016; Wekesa et al. 2016, Donbauer et al., 2016; Khan et al., 2020). Similarly to 

the literature, this study uses the per capita generation capacity as the main energy infrastructure 

availability indicator. These data come from the Energy Information Administration and are 

available for the period between 2001 and 2018. As the main indicator of energy infrastructure 

reliability, this study uses the distribution and transmission losses as a percentage of total output. 

This indicator has been used by Donbauer et al. (2016) and Khan et al. (2020). The data for this 

indicator come from the World Development Indicators Database and are also available for the 

period between 2001 and 2018. SAIFI and SAIDI, also from the World Development Indicators 

Database, are used as alternative energy infrastructure reliability indicators. 
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Results 

Energy Infrastructure Availability 

The first model tested here is that which only focuses on energy infrastructure availability. 

Similar exercises have been undertaken by Wheeler & Mody (1992), Loree & Guisinger (1995), 

Asiedu, (2002), Seetanah & Khadaroo (2008), etc. Table 1 shows the results of the regression 

analysis using per capita generation capacity as the main independent variable. The results are split 

for different subgroups of data, based on the income-levels of the countries, and are shown for 

both the FDI flows and the FDI stocks dependent variables. As is common practice in the literature 

(Chakrabati et al., 2001 ;Blonigen & Piger, 2014, etc.) most variables are transformed using the 

natural logarithm in order to normalize the distribution of their observations and make the 

interpretation of the results easier. 

Table 1. Fixed-effect Panel Regressions using Energy Infrastructure Availability 
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Unsurprisingly, the main gravity model variables  market size and distance  as well as 

other typical variables such as purchasing power and human capital are significant and have high 

coefficients. However, the exact magnitude of each variable varies by the subset of countries used 

to perform the analysis. Distance is consistently among the variables with the highest coefficient 

and it consistently shows a negative sign. The effect of a 1% increase in distance between the two 

 1.5% It is interesting, however, that a 

contiguous border has a consistently high effect, even after controlling for distance. The existence 

of a contiguous border between two countries increases FDI between them by more than 1%. 

The magnitude of the effect of market size, on the other hand, varies, while the relationship 

consistently shows a positive sign. For low income countries, a 1% increase in market size leads 

to an increase in FDI inflows between 1.1% and 1.4%. For middle-income and high-income 

countries, the effect of market size is lower  between 0.4% and 0.8%. This is unsurprising when 

considering that large developing countries such as China traditionally received high amounts of 

FDI. The effect of GDP per capita also depends on the sub-group of countries examined. For low 

income countries, this variable has a negative effect, while for middle and high-income countries 

it is positive. This indicates that in the case of low-income countries, all else equal, the GDP per 

capita is acting more as a proxy for wages. In that case, it is logical for investors to choose countries 

with lower wages to invest. For the case of middle and high-income countries, this indicator is 

acting more like a proxy of purchasing power. All else equal, middle and high-income countries 

with a higher purchasing power attract more FDI. Hence, for low income countries the market size 

indicator hints to the presence of horizontal FDI (since market size is especially important), while 

the income level hints to the presence of vertical FDI (since low wages are important). 
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The overall openness of the host country as well as the existence of an FTA between the 

host and source countries are also confirmed as significant factors. Though, interestingly, the latter 

does not seem to be an important factor for low-income countries. This is likely the case because 

many low-income countries frown upon free trade agreements as they are seen exploitative 

(Cagnin et al. 2012). For middle and high-income countries, on the other hand, the existence of an 

FTA increases inward FDI by around 0.4% (all else equal). The openness of the country is 

consistently a positive indicator and its magnitude is similar across the four income groups of 

countries. All else equal, a 1% increase in openness leads to an increase in FDI between 0.3% and 

0.6% (though this effect is as high as 1% in the case of high-income countries). 

The significance of human capital as an FDI determinant is also confirmed by these results. 

For middle and high-income countries, all else equal, a 1% increase in years of schooling can 

attract about 0.4% percent more FDI. Interestingly, the human capital variable, while significant, 

displays a negative sign for the subgroup of low-income countries. Given that these results are not 

supported by any valid economic theory, it is likely that they are due to a suboptimal number of 

observations for the low-income country group. The existence of a colonial relationship, on the 

other hand, displays a strong positive effect on incoming FDI. All else equal, the existence of a 

colonial relationship between the host and the source country positively affects FDI flows and 

stocks between them by a minimum of 0.6%, all the way to a possible 2.7%. 

The exchange rate between the currency of the host country and USD seems to also be an 

important FDI determinant, though its effect is more volatile. For low income countries, 

unsurprisingly, this relationship is negative. All else equal, a 1% drop in the exchange rate can 

lead to an increase in FDI by 0.1%. This result also supports the vertical FDI argument which 

states that firms invest in low income countries in order to take advantage of cheaper labor, cheaper 
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costs, and to re-export their products at cheaper rates. Surprisingly, though, this effect seems to 

hold for upper middle-income countries as well. This alludes that investors may try to take 

advantage of relatively cheaper factor prices and better export terms in upper middle-income 

countries, especially since human capital and openness have positive signs. Hence, all else equal, 

an ideal upper middle-income country for FDI attractiveness is a large and open country with high 

human capital, but low wages and low input costs. The results for the effect of exchange rates in 

the cases of lower middle-income and high-income countries are inconsistent  sometimes it is 

positive, sometimes it is insignificant. 

Our main independent variable, generation capacity per capita, does not show the expected 

result. For the two ends of the spectrum of country incomes, generation capacity seems to be 

contributing negatively to FDI inflows. The results for low income countries could be explained 

by the low number of observations. Many low-income countries were dropped by the statistics 

software since they had incomplete data. For high income countries, it is likely that the 

infrastructure availability indicator is not specific enough. For example, it may be that investors 

do not prefer countries which have higher generation capacities if this generation is coming from 

non-renewable sources. This hypothesis will be tested in the next sections of this study. The results 

for middle income countries, on the hand, allude that infrastructure availability is insignificant as 

an FDI determinant. Only in the case of upper middle-income countries (when the dependent 

variable is FDI stocks) the generation capacity variable shows the expected sign and significance.  

Energy Infrastructure Reliability 

Given the inconclusive results for the main independent variable from the first model, we 

go on to test the importance of energy infrastructure through the reliability channel. Table 2 shows 

the results of the regression analysis using distribution and transmission losses as the main 
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independent variable. Just as before, the results are split for different subgroups of data, based on 

the income-levels of the countries, and are shown for both the FDI flows and the FDI stocks 

dependent variables. 

The results for the main gravity model variables remain similar in direction and magnitude 

to the previous model, though the distance variable loses its significance in the case of the low-

income countries subset which uses FDI flows as the main dependent variable. However, even the 

distance variable remains significant for low income countries when FDI stocks are used as the 

main dependent variable. Just as before, the GDP per capita indicator is negative and significant 

for low-income countries, but positive for the remainder of the countries. The openness, human 

capital, and exchange rate variables lose their significance for low-income countries. As mentioned 

before, given the low number of observations for this subgroup of countries, it is likely that the 

results displayed for this model are misleading. The remainder of the results remain the same as in 

the previous model. 

Table 3. Fixed-effect Panel Regressions using Energy Infrastructure Reliability 
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 The main difference, however, is in the results for the main independent variable. Here the 

energy infrastructure reliability variable is significant and mostly shows the expected sign. Though 

not significant at the 10% level, the energy infrastructure reliability indicator does show a negative 

relationship with FDI for low-income countries. For middle income countries is relationship is 

negative and highly significant. All else equal, a 1% decrease in distribution and transmission 

losses in the host country can lead to an increase in FDI between 0.3%, for lower middle-income 

host countries, to as high as 0.6% for upper-middle host countries. Unlike energy infrastructure 

availability, the reliability indicator is not only consistently significant, but it also has a much 

higher coefficient. For upper middle-income countries, the reliability indicator has a higher 

coefficient than more traditional indicators such as the presence of an FTA, the host country 

exchange rate, and even its human capital. 

Table 3. Coefficients of Variation (CV) for Host Country Indicators  

 

The results may seem surprising because they claim that energy infrastructure reliability is 

more important in the context upper middle-income countries than in the case of lower middle-

income countries. Nonetheless, these results follow economic theory because they suggest that 

investors are particularly sensitive to infrastructure reliability for upper middle-income countries 
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because the expectations for those countries to have more reliable energy infrastructure are higher. 

Besides dealing with investor expectations, these countries also have little variation in other 

indicators, which makes the reliability of their energy infrastructure a more important FDI 

determinant than for other country income groups. This is highlighted in Table 3, which shows the 

coefficient of variation (=standard deviation/mean) for the non-gravity control variables. Upper 

middle-income countries are very close to each other in terms of human capital (overall human 

capital, education, worker skill level), openness, and energy availability indicators, while they 

display more variation in energy reliability indicators than any other country income group. Upper 

middle-income countries show especially high variation in the number and the frequency of power 

outages (SAIFI, SAIDI, and number of outages indicator CVs, Table 3). Hence, for this group of 

countries improving and/or maintaining the reliability level of their energy infrastructure is crucial. 

Table 4. Fixed-effect Panel Regressions using Energy Infrastructure Reliability #2 

 

 This hypothesis is further tested through running econometric tests on other energy 

infrastructure reliability indicators. Table 4 shows the regression results using an alternative 
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reliability indicator  the outage frequency and duration indicator. This variable is a composition 

of the System Average Interruption Frequency Index (SAIFI) and the System Average Interruption 

Duration Index (SAIDI) (outage frequency and duration=saifi*saidi) and is meant to test the 

severity of power outages in the host country, both from a frequency perspective and from a 

duration perspective. Due to data limitations, we are only able to test this effect for the FDI flows 

dependent variable. Nonetheless, we can confirm most of the results from the previous model. 

Most importantly, this model also confirms the importance of energy infrastructure reliability in 

the FDI attractiveness of upper middle-income host countries. It claims that, all else equal, middle 

income countries with 1% less severe power outages will receive 0.03% more FDI.  

Despite the low coefficient, the significance of this indicator for upper middle-income 

countries shows that shows that energy infrastructure reliability  however proxied  is an 

important FDI determinant for this group of countries and should not be neglected in policy 

discussions. The power outage severity variable is also significant for the case of lower middle-

income countries, though the direction of the effect is negative and different than expected. This 

could also be because of the low number of observations for this model. Furthermore, while 

insignificant, this alternative reliability indicator also shows a negative relationship to FDI flows 

for low-income and high-income countries. 

Renewable Energy 

 To further test the rigidity of our previous results regarding energy infrastructure reliability, 

this research projects test whether the reliability indicator remains significant when controlling for 

energy infrastructure availability. Furthermore, this study also tests whether reliance on renewable 

energy is important as an FDI determinant. The results of the fixed-effect OLS regression are 

presented in Table 5. 
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The energy infrastructure reliability indicator remains significant and negative, even after 

controlling for the infrastructure availability of the host country and its reliance on renewable 

energy. A 1% decrease of distribution and transmission losses in the host country can attract 

between 0.4% and 0.7% more FDI in middle-income countries. Like previously, the effect seems 

to be stronger for upper middle-income countries. Generation capacity, on the other hand, still 

does not show any consistent results across the different income groups of countries. However, for 

the case of lower middle-income countries, increased generation capacity does seem to matter. 

Table 5. Fixed-effect Panel Regressions for Energy Infrastructure & Renewable Energy 

  

For lower middle-income countries, the indicators for generation capacity and renewable 

energy reliance are both positive and significant, while the results for distribution losses are 

negative and significant. This suggests that, for this country income group, investors are looking 

for countries with relatively more reliable and available energy infrastructure, but also for 
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countries which focus more on renewable generation. For the upper middle-income country group, 

however, the results are different. For this group of countries, energy infrastructure reliability is 

even more important than before, while a focus on renewable energy is appreciated more than a 

pure increase in generation capacity. In fact, for upper middle-income countries, the indicator for 

generation capacity turns negative, once controlling for renewable energy generation. This 

suggests that the foreign investors in those countries pay attention to the source of any increased 

generation and perceive increased generation coming from non-renewable sources negatively. All 

else equal, the regression results suggest that an increase in the share of renewable energy 

generation in total generation can attract between 0.1% to 0.2% more FDI. The small magnitude 

of the effect is unsurprising, given that increased reliance on renewable energy is a recent trend 

(as shown in Figure 1B in the background section) and the data used in these regressions is 

historical. It is interesting that we can already see the first signs that renewable energy reliance 

may become an important FDI determinant.  

Nonetheless, these results are expected, given the shift of public opinion towards heavier 

reliance on renewable energy, as discussed in the background section. To illustrate this point, we 

can draw a parallel to the anti-sweatshop movement of the nineties. Reports 

that Nike was using child labor and paying workers as little as $1.25 per day, led to protests against 

Nike from students and activists across the United States throughout the nineties and the early 

2000s -CEO 

admitted his company had become the poster child for slave-level wages and overall worker abuse. 

United States (Nisen, 2013). This reputation proved costly for Nike, as the company suffered from 
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a drop in sales and was forced to drastically alter its production strategy and invest in better labor 

conditions (Nisen, 2013). 

Figure 6. Public Opinion on the Importance of Environmental Protection 

Source: Gallup (2020) 

Given the heavy shift of public opinion towards environmental protection (even in 

comparison to economic growth), as shown in Figure 6, firms looking to make long-term foreign 

direct investments may be cautious of such past experiences and try to get ahead of 

the curve. One way of doing that is by taking a proactive approach and investing in countries that 

are more environmentally friendly, without waiting for the public-opinion to force them to do so. 

With reliance on renewable energy still being relatively low in low and middle-income countries, 

policy makers should take note of this trend and invest in renewable energy generation as a strategy 

that would differentiate them from the rest of the countries in the global community. As the 

regression results from Table 5 show, such a strategy may already prove beneficial and its effect 

is only likely to grow in the future. 
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Conclusions and Implications 

This study investigated the relationship between energy infrastructure and FDI. To do that, 

it first reviewed the theoretical and empirical literature linking the two variables. This study found 

that the theoretical literature linking energy infrastructure to FDI is not very developed. However, 

important theoretical connections between energy infrastructure and FDI can be drawn by looking 

at the theoretical literature on the overall effects of infrastructure (without specifying the type) or 

on the effects of transport infrastructure specifically. This body of research showed that quality 

infrastructure provided by the government lowers the production costs of investing for private 

firms and makes host countries with more developed infrastructure, all else equal, more attractive 

locations for FDI. In the case of energy infrastructure, reliability is particularly important since an 

unreliable energy supply can directly increase the costs of investing firms by requiring them to 

invest in generators, fuel for those generators, and may also harm their production equipment.  

The relationship between infrastructure, in general, and FDI inflows has been empirically 

tested before, though little attention has been given to energy infrastructure. Most earlier studies 

either ranked the quality of infrastructure in a country using interviews of experts or used very 

basic indicators such as the number of telephones per 1000 inhabitants as a proxy for all 

infrastructure. Even in the cases when energy infrastructure was mentioned, its effect was usually 

incorporated within an overall infrastructure measure and not tested by itself. Furthermore, most 

studies on the effect of infrastructure on FDI are based on single country cases and focus on the 

availability of the infrastructure, rather than its reliability. Hence, this study attempted to fill this 

research gap by: a) focusing on energy and examining the specific effect of energy infrastructure 

on FDI b) testing the impact of energy infrastructure availability and reliability separately, which 

allowed for more granular observations to be discussed below c) providing cross-country results 
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and d) by providing preliminary results that the energy generation source is an important factor for 

policy makers to consider when designing FDI-attracting policies. 

Using a fixed-effect panel regression on a bilateral FDI model, the study found that a one 

percent increase in energy infrastructure reliability as measured by decreased electricity 

distribution losses contributes to an increase in FDI inflows by around 0.5%. Similarly, a decrease 

in the frequency and duration of electricity outages also contributes to increased FDI inflows, albeit 

at a smaller magnitude (about 0.1% increase in FDI for a 1% decrease in outage frequency and 

duration, all else equal). Furthermore, the study also shows some signs that while energy 

infrastructure availability on its own may not be an important FDI determinant, when combined 

reliance on renewable energy it can be an important FDI determinant. All else equal, an increase 

1% to 0.2% 

more FDI, depending on the income-level of the country.  

Interestingly, energy infrastructure reliability seems to be an important FDI determinant 

especially for upper middle-income countries. This is understandable given that many upper 

middle-income countries have quality infrastructure. Therefore, investors are especially sensitive 

to the state of infrastructure in those countries. Thus, upper middle-income countries that are 

lagging in this aspect may be doing themselves a disfavor and receiving less FDI than potentially 

possible. Nonetheless, this study also confirms the importance of energy infrastructure reliability 

for lower middle-income countries. Given that countries in this income group usually have less 

developed infrastructure, a lower middle-

infrastructure reliability may set the country apart from the group and improve its attractiveness 

for FDI (World Bank, 2017). Unfortunately, due to insufficient data, this study was not able to 
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provide strong support about the importance of energy infrastructure as an FDI determinant for 

low-income countries.  

Future research will need to address the importance of energy infrastructure, in general, 

and particularly the reliability of this infrastructure type as an FDI determinant for low-income 

countries. The importance of the reliability of transport and digital infrastructure as an FDI 

determinant also requires more research. Furthermore, reliance on renewable energy generation 

will also likely become an important FDI determinant, hence future research should examine this 

relationship more carefully as well. Nonetheless, the results of this research project allow us to 

draw some concrete policy recommendations for the governments of developing countries: 

In the short-term, developing countries should improve the reliability of their energy 

infrastructure to attract more FDI: Investment in energy infrastructure reliability does not require 

the construction of new power generation facilities and would, thus, require less time (and likely 

less resources). In the short run, developing country governments may be able to attract some FDI 

if they improve the reliability of their existing infrastructure without necessarily increasing its 

availability. They can start by simply hiring more personnel in order to provide better upkeep for 

existing power generation, distribution, and transmission infrastructure. Consistent upkeep of 

power facilities ensures better technical conditions for those facilities and lowers the risk of 

outages (World Bank, 2017). Better upkeep also lengthens the life-span of such facilities and 

ensures that large infrastructure investments have to occur less often. Such actions can be 

undertaken in the short-run, while the country mobilizes resources for larger energy infrastructure 

investments (be it to improve availability or reliability). 

Furthermore, small investments such as the replacement of wooden utility poles with 

concrete or steel utility poles can go to great lengths in lowering the risks of power outages, as 
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well, since such structures are more rigid and less likely to break during bad weather. They may 

also be more environmentally friendly (Feltham, 2020). However, the movement of power lines 

underground is even more beneficial because it not only greatly reduces the risk of power lines 

breaking and causing outages during bad weather, but also lowers the electricity distribution and 

transmission losses (World Bank 2017). Hence, an investment on burying power lines would not 

only improve the reliability of  electricity supply, but also indirectly improve the 

availability of electricity by ensuring that more of the electricity produced reaches the consumer. 

Furthermore, it also reduces the cost of production, since less fuel needs to be used to satisfy the 

electricity demand. Nonetheless, in the long-run, countries also need to invest in energy 

infrastructure availability in order to satisfy the growing demand for electricity. However, they 

should be careful in their choice of generation source since that may affect their FDI attractiveness. 

In the long-term, developing countries should increase the availability of energy 

infrastructure by investing in renewable energy generation: The increase in FDI resulting from 

the short-term investment strategy in energy infrastructure may in itself increase the demand for 

energy and condition the improvement of energy infrastructure availability and generation 

capacity. However, when faced with the decision to increase their generation capacity, 

policymakers in developing countries should include the potential FDI-attractiveness of renewable 

energy in their cost/benefit calculations. Figure 1B in the background section showed that the 

overall trend of generation among high-income countries is moving towards renewable sources. 

Developing countries will soon be asked to follow suit. Furthermore, big international agreements 

such as the Paris agreement require all countries to greatly reduce their emissions. This will only 

be possible if the growing demand for electricity is met by renewable energy. As the results of this 
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study show, reliance in renewable energy may already attract more FDI. Therefore, developing 

countries have another incentive to switch to renewable energy generation. 

Countries around the world may be naturally forced to switch to renewable energy since 

fossil fuel reserves are already running out. While t

Aramco state that the country has enough oil reserves to satisfy world demand for the next 70 

years, some argue that it is more likely that such estimates overstate the availability of oil left. 

They argue that the closer to 40 more years (Kemp 

2016). Furthermore, increased efficiency and falling prices for renewable energy have made 

investment in renewable generation more economically viable. The price of solar has fallen so 

rapidly that within less than a decade, it may become economically justified to shut down existing 

coal plants and replace them with solar power plants (Niranjan 2020). In fact, renewable energy 

prices have fallen so low that some developing countries are already finding difficulties financing 

non-renewable energy generation projects. For example, up until recently, the construction of a 

portfolio. The country has some of the highest coal reserves in the world and has little potential 

for hydroelectric power. However, a recent feasibility study from the World Bank found that 

ally justified 

for Kosovo to invest in renewable energy such as solar and wind. Therefore, the World Bank 

receded its support for the construction of Kosovo (Mathiesen 2018). This 

attitude away from fossil fuels and 

towards renewable energy even for developing countries. Hence, policy makers in those countries 

should follow the trend and invest more in renewable generation, while ensuring that their current 

electricity system is reliable. By doing that, they may also attract more FDI to their countries. 
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