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  Abstract  

Abstract 

Research shows that Foreign Direct Investment (FDI) can be beneficial/harmful to the 
host’s environment. However, the mechanisms that explain these contrasting effects are 
still unclear. By employing a regional dataset on FDI in the State of Sao Paulo, Brazil, 
this study verifies how the technological content of the FDI may impact the host region. 
Additionally, applying the promises from the institution-based view, the origins of FDI 
and the institutional quality of these home countries were included. The results reject the 
commonly employed ‘one size fits all’ approach towards FDI, since both high-technology 
and low-technology FDI can be beneficial for the host’s sustainable development. Yet, 
the origins of these investments matter, and receiving FDI from countries with weaker 
institutions can be harmful, regardless of the sector. These findings have important 
implications for policymakers and future research focused on emerging economies, and 
the promised expectations of FDI should be revisited.  
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1. INTRODUCTION 

Foreign Direct Investment (FDI) represents an important channel for competitiveness and economic 

growth, as it tends to be a catalyst for productivity gains through knowledge and technology spillovers, while 

filling institutional voids that benefit the host region (Demir & Lee, 2022; Doh et al., 2017; Polloni-Silva, 

Moralles, et al., 2021a). However, foreign investors may also invest overseas looking for cheap labor, natural 

resources, or tax heaven within an asset-exploitative strategy (Driffield et al., 2021). Additionally, foreign 

companies may be particularly interested in emerging economies, as these regions may present weaker 

environmental regulations that could support their pollution-intensive activities (Demena & Afesorgbor, 

2020).  

At this moment, much of this debate is incomplete due to the majority of empirical FDI-environment 

studies focusing on well-developed regions (Zafar et al., 2019; Neves et al., 2020), and the only emerging 

region receiving significant attention on this issue being China, which arguably has a unique developmental 

history. Accordingly, the majority of scholars are likely to agree that FDI is -in general- a beneficial investment 

for the host region, boosting its development. This ‘one size fits all’ approach, however, fails to consider that 

Multinational Companies (MNCs) may see regions differently, and therefore operate under distinct strategies. 

As such, some recent studies are suggesting that the FDI-effects on the host should not be overgeneralized due 

to distinct goals and strategies, especially when investing in lagging regions (Li et al., 2018; Shao et al., 2019). 

On this new perspective, some studies are starting to investigate if these effects, especially on the 

environmental side of the host’s development, is dependent upon the MNCs’ technological level (e.g., high-

technology vs low-technology) (De Vita et al., 2021; Doytch, 2020), or even upon the origins of such 

investments, as the institutional-based view is now expanding its reach to environmental debates (Adeel-

Farooq et al., 2021). Nonetheless, the empirical and regional literature on the FDI-environment nexus is 

limited, especially in emerging regions such as Latin American countries. This study aims to partially fill this 

gap by using one of the biggest countries, Brazil, and the most developed region (and most significant 

destination for FDI) in the country, the São Paulo state region. 

As previously established, the distinct results gathered by previous literature makes it difficult to 

defend a certain position such as if FDI is good or bad for the host region.  On the one hand, several studies 

affirm that foreign firms from developed economies tend to operate with newer and cleaner technologies, 

reducing emissions within the host region. This supports the pollution halo hypothesis, which was evidenced 
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by studies focused on emerging economies such as Brazil and China (Liu & Xu, 2021; Polloni-Silva, Ferraz, 

et al., 2021). Indeed, many scholars argue that FDI brings new management practices and sustainable products, 

along with energy-saving programs, innovations, and higher productivity (Adom et al., 2019; Gu et al., 2020; 

Zugravu-Soilita, 2017), facilitating the host’s economic sophistication (Polloni-Silva, Moralles, et al., 2021a). 

Accordingly, scholars have found a negative relationship between FDI and CO2 (Carbon Dioxide) emissions 

(Opoku et al., 2021), as well as between FDI and energy intensity levels (De Vita et al., 2021; Jiang et al., 

2018; Wang, Liu et al., 2023).  

On the other hand, other articles have found that FDI increases environmental degradation, thus 

evidencing the pollution haven hypothesis (Gyamfi et al., 2021; Singhania & Saini, 2021). This would be a 

consequence of the fact that MNCs invest in emerging regions seeking low-cost labor as well as following an 

asset-exploitative strategy (Feng et al., 2018) with the consequent harm to the environment. Investors may be 

particularly inclined to target locations that present weaker environmental laws and regulations (Boateng et 

al., 2019). In fact, some scholars currently suggest that MNCs may actively target poorer regions such as São 

Paulo and other areas of Latin America to invest with their ‘dirty’ activities (Blanco et al., 2013; Neequaye & 

Oladi, 2015). As commented by Benzerrouk et al. (2021), emission reductions in developed countries are being 

achieved at the expense of emerging ones.  

Another important factor to consider is the fact that MNCs have diversified home-country 

backgrounds. The institution-based view argues that the institutional pressure at home influences the MNCs’ 

behavior abroad. Arguably, the external pressures from stakeholders that value sustainable practices will 

generate results throughout the supply chain, including MNCs’ subsidiaries (Dargahi & Khameneh, 2019; Gao 

& Han, 2021; Haleem et al., 2021; Zhang et al., 2014). Indeed, developed economies present stronger 

institutions and regulations, along with more active stakeholders that demand environmentally friendly 

processes and products (Adeel-Farooq et al., 2021; Haleem et al., 2021). Following these arguments, this study 

argues that FDI is expected to influence the environment differently depending on the institutional quality of 

the home country.  

To sum up, one would argue that the technological content of FDI, along with the investments home-

country characteristics, should influence the effects on the host region, including the impacts on the 

environment. In this sense, high-tech FDI can introduce new and superior technologies, energy-saving 

programs, and better managerial practices (Adom et al., 2019; Gu et al., 2020; Li, Hong et al., 2019). 
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Consequently, these companies are expected to operate at higher productivity levels, which is highly relevant 

to increase GDP (Gross Domestic Product) with lower levels of CO2 emissions, therefore reducing the 

emissions intensity levels of the host. Also, high-technology MNCs operate in more sophisticated sectors (e.g., 

pharmaceutical, electronics) that generate higher value-added products with lower environmental degradation 

(Li et al., 2019), whereas the literature expects ‘dirty’ sectors (e.g., petroleum-based products, or mining) to 

be particularly harmful to the environment (Adom et al., 2019). 

Following these observations, one could argue that São Paulo state is an optimal region for such a 

study. As seen in Figure 1, MNCs have expanded their operations beyond the São Paulo city region, and is 

now growing in many inner regions. This makes sense, as São Paulo state receives most of the inward foreign 

investments, and is the most developed region in the country.  

 

Figure 1. Number of MNCs in São Paulo State (2010-2016) 

Moreover, is its noteworthy that the FDI in these regions is diverse, both in its technological level as 

in its origins. As an example, the employed data (see Section 3 for more details) shows that 28 technology 

sectors are present in the sample, including various activities such as the Manufacture of Machinery (20%), 

Manufacture of Motor Vehicles (15,4%) and Manufacture of Computer and Electronics (4,4%). The sample 

also includes less technology-intensive activities such as Manufacture of Food Products (5,7%), as well as 

pollution-intensive activities such as the Manufacture of Plastic and Rubber (8%). Additionally, the employed 
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sample includes industrial investments from over 40 countries, showing that both developed (e.g., United 

States of America, Germany, Japan, France) and emerging (e.g., Mexico, China, India, Argentina) regions are 

targeting Brazil. Concurrently, the limited research on the São Paulo state’s energy, environment and 

development associations suggests that many promises of cleaner development are not being delivered (Gandhi 

et al., 2017), and developmental studies suggest that the Brazilian domestic industrial sector is still catching 

up, with some authors suggesting this process could be considering a deindustrialization issue (Iasco-Pereira 

& Morceiro, 2024). 

Considering this discussion and the on-going debate on the effects of FDI on emerging economies, 

this study will investigate the nexus between FDI and the sustainable development of the São Paulo State area 

in Brazil. Municipal-level data is employed to avoid the common over-generalized debate made by country-

level investigations. Moreover, by focusing on São Paulo State, this study includes the large majority of foreign 

industrial investments made in the country, according to the Central Bank of Brazil (BCB, 2018), while 

investigating a region filled with subnational differences and distinct development levels across the 

municipalities (Polloni-Silva, Ferraz, et al., 2021). In addition, the energy intensity levels are rising in São 

Paulo state (Gandhi et al., 2017), further demonstrating the importance of this issue. 

To sum up, previous scholars have investigated how distinct technological-level of FDI could 

generate contrasting effects on the host, such as the study by Doytch and Uctum (2016) in low, middle and 

high-income countries and the investigation by Liu et al. (2020) in China. Additionally, the institutional 

perspective linking FDI and the environment is arguably underdeveloped, with Adeel-Farooq et al. (2021) as 

the only investigation linking institutional pressure from the home country and the environmental effects of 

FDI. Their results show a promising link, but the results are generalized for a large group of countries.  

The results from this paper demonstrate that the ‘one size fits all’ approach should be revisited, 

provided the context refers to emerging economies. The findings suggests that both high and low-technology 

sectors can improve productivity with lower levels of emissions, and that when it comes to attract new 

investments, some medium-high and medium-low-technology sectors should be analyzed with scrutiny. These 

results bring light on important policy implications for Brazil and other regions facing a domestic 

deindustrialization process, which could be addressed -at least partially- with targeted FDI policies considering 

the technical aspects, as well as the origins, of such investments. 



6 
 

The remainder of the article is as follows. Section 2 provides the theoretical background regarding 

the effect of the technological content of FDI and its institutional quality on the CO2 emissions intensity issue. 

Section 3 presents the data and method employed, while Section 4 discusses the results. Finally, Section 5 

discusses the implications of this study’s findings, and Section 6 presents a conclusion along with a future 

research agenda.  

 

2. THEORETICAL BACKGROUND 

The international debate on foreign investments and the host’s environment has evolved over the last 

three decades. Although many studies have been published, and much is known of the possible effects of FDI 

to host’s environment and overall development, this growing literature also shone light on new issues, such as 

in which cases FDI can be truly beneficial or not. 

 Initially, great attention was given to world economies and their accelerated economic growth and 

the increase in pollution levels (Grossman & Krueger, 1995, Fan et al., 2006). Over time, studies started to 

argue that FDI serves as a development booster for poorer economies (Polloni-Silva, Moralles, et al., 2021a), 

and this expected FDI-led growth resulted in a link between FDI and the environment. Considering the possible 

benefits of FDI towards a higher productive and cleaner economic structure, particularly on the industry sector, 

author realize that FDI could contribute to the Pollution-Halo effect. In short, the Pollution-Halo hypothesis 

defends that foreign companies may have a positive local effect on the host’s environment by facilitating green 

growth and reducing the overall CO2 levels (Polloni-Silva, Ferraz, et al., 2021; Liu & Xu, 2021). 

As such, FDI is -at least to part of the literature- an environmentally-friendly tool to boost the host’s 

development. FDI can bring cutting-edge technologies refined in developed economies to emerging regions 

(Xie & Sun, 2020). Also, MNCs are known for using more sustainable managerial practices (Ning & Wang, 

2018) that can reduce their emission levels. Considering that some emerging countries, such as the Brazilian 

case, face severe challenges to developed its domestic industry, even if some MNCs do not invest in the 

cleanest technologies, their technological solutions are likely to be cleaner than the ones used by domestic 

firms (Demena & Afesorgbor, 2020). 

Additionally, FDI can contribute to the Pollution-Halo phenomenon by boosting green 

competitiveness in the host, facilitating technological and knowledge spillovers, innovations, and by 

pressuring actors in the supply chain towards higher productivity and greener solutions (Adeel-Farooq et al., 
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2021; Ning & Wang, 2018). There is evidence of these effects in Latin America and Brazil (Moralles & 

Moreno, 2020; Laborda Castillo et al., 2014; Ferraz, et al., 2021). In addition, scholars found evidence in many 

countries that FDI decreases CO2 outputs and energy intensity levels, including evidence locally tied to 

emerging economies (Polloni-Silva, Ferraz, et al., 2021; Bakhsh et al., 2017; Adams & Opoku, 2020). At the 

moment, Brazilian studies including the heterogeneity of FDI are noticeably limited due to the lack of readily-

available data. 

Nevertheless, there are adverse voices within this debate. Indeed, some studies also found that FDI 

can be harmful to the host in many ways, including the impacts on the environment (Gyamfi et al., 2021; 

Singhania & Saini, 2021). These studies show that FDI can be beneficial, but the host should not see these 

promised benefits as assured ones. In other words, no consensus is found. 

Accordingly, the literature began studying in which cases FDI was indeed beneficial for the host. 

Regarding environmental studies, scholars began to compare the effects between regions (e.g., rich and poorer 

regions) (Essandoh et al., 2020), as well as considering the heterogeneity of foreign investments. On this later 

case, scholars began to investigate if sector-related characteristics should matter for the FDI-CO2 nexus. To 

exemplify, some studies split FDI into industrial, agricultural and service-related activities, or use more general 

divisions such as clean and ‘dirty’ activities (Blanco et al., 2013; De Vita et al., 2021; Doytch & Uctum, 2016). 

Yet, these studies usually employ a more aggregate view of development, focusing on country-level data. 

Often, regional studies linking foreign investments to the environment are focused on China and its inner 

regions exclusively, thus ignoring the possible effects on other regions such as Latin America. 

Considering the potentially interesting findings and implications these investigations can gather, this 

study proposes that the technological content of FDI matters for the FDI-CO2 nexus, especially on an emerging 

region in which the national industry is catching up. High-technology FDI is expected to result in higher value-

added products with lower rates of environmental degradation (Li et al., 2019). Also, these MNCs are more 

capable of generating spillovers to the domestic industry (e.g., technology transfers, the share of expertise) 

(Pan et al., 2020; Zhang et al., 2020), since high-technology activities are knowledge intensive (Gu et al., 

2020). Conversely, MNCs in less technological sectors are possibly harmful to the environment, and these 

‘dirty’ sectors often contemplate energy-intensive activities (Adom et al., 2019; Blanco et al., 2013). De facto, 

Li and Cheng (2020) argue that an enormous gap in energy efficiency exists between high-technology 

industries and other sectors, since they present different technology and managerial efficiency capabilities.  
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Additionally, indirect effects could also benefit the host’s environmentally-friendly development by 

boosting green competitiveness in the host since FDI may be responsible for technological spillovers (Alvarado 

et al., 2017; Demena & Afesorgbor, 2020; Feng & Li, 2021). This is shown in the cases of Brazil and Chile in 

favor of the existence of knowledge spillovers between multinationals and domestic companies (Laborda 

Castillo et al., 2014; Moralles & Moreno, 2020). In addition, FDI can generate demonstration and competition 

effects, meaning that green innovations may occur through the supply chain and that domestic companies will 

attempt to produce similar products and adopt similar practices than their foreign counterparts. Empirical 

evidence suggests that innovations in intermediary companies have positive spillover effects in the local 

economy (Salim et al., 2017). Yet, these promised indirect benefits could be dependent on the MNCs’ 

technological and managerial sophistication. 

To this moment, investigations challenging the ‘one side fits all’ perspective on FDI are fairly 

limited, particularly on an emerging economy’s context. Consequently, this study aims to better analyze the 

FDI-CO2 nexus according to the technological content of the FDI, with the following first hypothesis:  

 

H1: A higher technological content of the FDI is associated with lower levels of CO2 

emissions intensity. 

 

As previously described, over the years scholars contributed to the literature in new ways to 

differentiate FDI and scrutinize its possible effects. In this sense, the literature presented a growing interest in 

connecting the institution-based view and the behavior of MNCs abroad. In summary, MNCs behavior abroad 

diverges inter alia due to the institutional environment at home.  

Institutions are the ‘rules of the game’, both formal and informal, that govern all human activities 

(e.g., forming a business) in an economy, and these rules shape the companies’ behavior (North, 1990). 

According to the institutional theory, normative pressures relate to the business environment's influence, so 

that to achieve legitimacy from business partners, certain practices are expected; whereas coercive pressure 

relates to cultural expectations and expectations from regulatory authorities and certain groups that shape the 

behavior of MNCs (Adebanjo et al., 2016; Haleem et al., 2021). Following this institutional theory, several 

scholars already confirmed the link between stakeholder pressure and the adoption of sustainable practices 

both internally (i.e., within the company) and externally (i.e., overall supply chain; suppliers) (Haleem et al., 
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2021; Jiao et al., 2020; Shahzad et al., 2020). Indeed, in the case of MNCs from developed economies (i.e., 

well-developed institutional environments), they invest in cleaner technologies, green innovation, and energy-

saving policies (Adeel-Farooq et al., 2021; Haleem et al., 2021; Ning & Wang, 2018).  

Additionally, developed economies present stronger institutions and regulations, as well as more 

active customers, non-government organizations, and external stakeholders that value sustainable practices 

(Haleem et al., 2021). Previous literature states that MNCs get ‘imprinted’ upon home institutions (Shirodkar 

et al., 2017), and these companies become an extension of the home country (Kogut, 2005). Taking into 

account that MNCs will likely employ the same standards and practices in all markets (Dargahi & Khameneh, 

2019), a well-developed institutional background may influence the MNCs (Chen et al., 2019; Chen et al., 

2018; He & Cui, 2012; Polloni-Silva, Moralles, et al., 2021a).  

Still, it is possible that MNCs aim to increase pollution on the host to specifically take advantage of 

natural resources, cheaper labor and weaker regulatory and environmental laws (Driffield et al., 2021; Dunning 

& Lundan, 2008). As such, one should also consider that any institutional imprinting from the home country 

may not significantly affect the firm’s behavior abroad, particularly in the case of emerging regions such as 

the Brazilian ones. At this moment, little is known about the home-country institutional influence on the 

MNCs’ environmental impact on the host, and Adeel-Farooq et al. (2021) is one of the few studies suggesting 

that environmentally-friendly behavior ‘begins at home’. 

Hence, receiving FDI from developed regions with well-developed institutions may or may not be 

especially beneficial for the environment of host emerging economies. Interestingly, São Paulo state hosts the 

majority of foreign industrial investments that come to Brazil (according to the Brazilian Central Bank), and 

the employed dataset (see Section 3 for more details) shows that over 40 countries have invested in São Paulo 

state (industrial activities), including MNCs from home-counties with good institutional backgrounds (e.g. 

United States of America, Germany) and home-countries with arguably weaker institutions (e.g. China, India, 

Mexico). All the reasoning and foreign presence above lead to the following hypothesis: 

 

H2: A higher institutional quality of FDI (better home-country institutional 

background), is associated with lower levels of CO2 emissions intensity. 
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One should note that the interest in the second hypothesis comes from the non-existence evidence in 

previous literature. Up to now, Adeel-Farooq et al. (2021) is the first paper investigating the impact of FDI on 

the environment by considering FDI coming from developed and emerging economies separately, showing 

that there are substantial differences. Specifically, by building a composite environmental performance index, 

their results show that FDI from developed economies is positively associated with environmental 

performance, even in the case of low-income host countries. Contrarily, their results suggest that FDI from 

developing countries is harmful to the host. Yet, the study focused on country-level data exclusively In any 

case, although Brazil is included in their sample of over 70 countries, they do not consider the quality of the 

institutions in the country of origin of the FDI, just their level of development. 

 

3. DATA AND METHOD 

This study focusses on the São Paulo state region to investigate the FDI-environment nexus, as the 

region serves as the host for the majority of foreign investments in Brazil, with over 70% of all foreign 

investments in the country, according to the Brazilian Central Bank (BCB, 2018). Specifically, this study 

employs data on 563 municipalities in the São Paulo state in Brazil for the period 2010 to 2016, as data for a 

larger timeframe is not available at the moment. Although this state presents 645 municipalities, some small-

sized municipalities were excluded due to the lack of energy and industrial-related data.  

 

3.1. Dependent variable: CO2 emissions intensity 

To calculate emissions intensity (i.e. level of emissions per unit of GDP) at the municipal-level, some 

steps are necessary. First, emissions were calculated using electricity consumption and fossil fuels, following 

previous scholars (Polloni-Silva, Ferraz, et al., 2021; Wen & Li, 2020). Specifically, in addition to electricity, 

gasoline, diesel, liquefied petroleum gas, fuel oil, aviation gasoline, and aviation kerosene were included. Data 

was gathered from the Brazilian Energy Research Office (Empresa de Pesquisa Energética – EPE) and the 

National Agency for Petroleum, Natural Gas and Biofuels (Agência Nacional do Petróleo, Gás Natural e 

Biocombustíveis – ANP). The conversion factor for electricity was taken from the Ministry of Science, 

Technology, Innovation, and Communications (Ministério da Ciência, Tecnologia, Inovações e Comunicações 

– MCTIC), whereas the conversion factors for all fuels are gathered from IPCC (2006).  



11 
 

With the conversion factors (Zheng et al., 2016), it is possible to calculate the CO2 emissions as 

follows: 

 

𝐶𝐸 =  ෍ 𝐸𝐶 ×  𝑘

଻

௜ୀଵ

 
 

(1) 

 

where CE represents the total CO2 emissions (in tons) from all seven energy sources presented earlier, EC 

represents the energy consumption (converted to TJ or MWh) from each source, and k represents the 

conversion factor (TCO2/TJ or TCO2/MWh). With this information, it is possible to calculate CO2 emissions 

intensity in municipality j and time period t (EIjt) as the ratio between CEjt and the level of GDP of such 

municipality and time period. 

 

3.2. Key regressor: FDI  

There are no official governmental statistics on FDI at the regional level in Brazil, which is a common 

issue for emerging economies (with the notable exception of China). Much is debated on how to measure FDI 

regionally, with some scholars using multiple data sources to measure employment within foreign companies 

(Lin & Kwan, 2016), and others using export-related data (Moralles & Moreno, 2020; Polloni-Silva, Moralles, 

et al., 2021a). By following the latter, a dataset using export-related data from the Brazilian Integrated System 

of Foreign Trade (Sistema Integrado de Comércio Exterior - SISCOMEX) was built. This system includes 

information on all exporting companies operating in São Paulo state. In addition to these companies’ names, 

the system also includes information on the address, sector, and export value in ranges (e.g. between 1 and 5 

million Brazilian Real - BRL; between 5 and 10 million BRL) of each company. Then, foreign companies 

were identified by verifying the headquarters’ addresses of approximately 22,000 unique registered companies. 

The use of export-related data is not a perfect solution for FDI, as companies that seek the Brazilian 

internal market only are excluded. Still, studies such as Castilho & Zignago (2005) and Polloni-Silva, Ferraz, 

et al. (2021) argue that MNCs use Brazil as an exporting station to other Mercosul (Mercado Comum do Sul) 

countries (e.g., around 22% of Paraguay’s imports are from Brazil). 

To measure the technological content of FDI, this study computed the share of FDI in four different 

groups of sectors (high-technology, HFDI; medium-high-technology, MHFDI; medium-low-technology, 
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MLFDI; and low-technology, LFDI, following the Statistical Classification of Economic Activities in the 

European Community, NACE Rev. 2). Specifically, FDIk is a proxy for the intensity of FDI on the technology 

level k computed as follows: 

 

𝐹𝐷𝐼௝௧
௞ =

𝐹𝑂𝑅𝐸𝐼𝐺𝑁𝐸𝑋𝑃𝑂𝑅𝑇𝑆௝௧
௞

𝑇𝑂𝑇𝐴𝐿𝐸𝑋𝑃𝑂𝑅𝑇𝑆௝௧
 

 

(2) 

 

where FOREIGNEXPORTS is a proxy for the export value of all MNCs in the region, which is computed using 

the export band value of the companies (i.e., 1 million, 5 million, 10 million, 50 million, 100 million, and 320 

million), TOTALEXPORTS is the export value of all exporting companies. This way, the FDIk measure ranges 

from zero (no foreign companies in the group of sectors k) to 1 (all exports in sectors k made by foreign 

companies). 

In order to account for the institutional level of the home country of the FDI (FDI_INST), an 

institutionally weighted FDI measure (Polloni-Silva, Moralles, et al., 2021a) was generated, as follows: 

 

𝐹𝐷𝐼_𝐼𝑁𝑆𝑇௝௧ =  ෍
𝐹𝑂𝑅𝐸𝐼𝐺𝑁𝐸𝑋𝑃𝑂𝑅𝑇𝑆௝௧

஼ × 𝐼𝑁𝑆𝑇௧
஼

𝐹𝑂𝑅𝐸𝐼𝐺𝑁𝐸𝑋𝑃𝑂𝑅𝑇𝑆௝௧
 

ே

஼ୀଵ

 
 

(3) 

 

where FOREIGNEXPORTS is the sum of exports from foreign companies, C representing the home 

country and N the number of home countries. Three different indicators to reflect the quality of the institutions 

(INST) were employed, following institution-based studies: i) the Human Development index (FDI_HDI), ii) 

the Rule of Law index (FDI_RL), and iii) the Economic Freedom index (FDI_EF), as explained below. As 

observed in equation (3), the level of institutional quality of the home countries is weighted by the relative 

importance (i.e., size) of each country in the overall pool of FDI. The institutional indices are normalized 

between 0 and 1 so that the final measure in expression (3) varies from zero (no foreign companies or all 

exports on the lowest-ranked home countries) to 1 (all exports on the highest-ranked home countries).  

It is important to note that the Human Development index is not a perfect measure for institutions, 

but is considered a crucial indicator to measure a society's development and quality-of-life (Haq, 1995), while 

being highly correlated with many institutional variables (Polloni-Silva, Moralles, et al., 2021a). Moreover, 
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the Rule of Law index is arguably the most commonly used Worldwide Governance Indicator (WGI), and it 

‘reflects perceptions of the extent to which agents have confidence in and abide by the rules of society, and in 

particular the quality of contract enforcement, property rights, the police, and the courts, as well as the 

likelihood of crime and violence’ (World Bank, 2021). Therefore, a higher Rule of Law index represents an 

effective and well-functioning governance structure. Finally, the Economic Freedom index from the Fraser 

Institute is a comprehensive index that accounts for the size of government, legal system, property rights, 

sound money, freedom to trade, and regulation (Fraser Institute, 2021).  

The three indicators for institutional quality can be considered to complement each other given their 

theoretical differences. In addition, the Kruskal-Wallis test confirmed these indexes’ uniqueness, in the sense 

of verifying if the medians of these three indicators are different. The test is significant (χ2:12.81; p-value: 

0.0016), which indicates that the three variables can be used to reflect institutional quality in a different way. 

 

3.3. Control variables 

Following previous literature, this study includes four control variables into the model. First, since 

the industrial sector is a well-known source of CO2 as well as an energy-intensive sector, this study includes 

the industry’s GDP share (IND) to control for changes in the economic structure (Petrović et al., 2018). 

However, some studies have started to include the service sector as services are expanding in many economies 

and also because, as shown in Polloni-Silva, Silveira, et al. (2021), the Brazilian service sector’s growth is 

environmentally costly. Therefore, the service sector’s GDP share (SERV) was also included. Second, to 

account for the regions’ population dynamics, the population density (DENS; population per square kilometer) 

was included. Finally, scholars consider technological progress as a possible determinant for emissions/energy 

intensity (Dargahi & Khameneh, 2019; Jiang et al., 2018; Zhang et al., 2020), and labor productivity (LP; 

industrial value-added per industrial worker) to control for it. Table 1 summarizes the variables’ description 

and sources. 
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Variable Definition Data Sources 

EI CO2 emissions intensity 

Carbon-Dioxide levels were calculated with data from the 
Brazilian Energy Research Office (EPE) and the National Agency 
for Petroleum, Natural Gas and Biofuels (ANP). GDP was taken 
from the Brazilian Institute of Geography and Statistics (IBGE)  

HFDI High-Technology FDI 
The list of exporting companies and respective sectors was taken 
from the Brazilian Integrated System of Foreign Trade 
(SISCOMEX).  

MHFDI Medium-High-Technology FDI 
The list of exporting companies and respective sectors was taken 
from the Brazilian Integrated System of Foreign Trade 
(SISCOMEX).  

MLFDI Medium-Low-Technology FDI 
The list of exporting companies and respective sectors was taken 
from the Brazilian Integrated System of Foreign Trade 
(SISCOMEX).  

LFDI Low-Technology FDI 
The list of exporting companies and respective sectors was taken 
from the Brazilian Integrated System of Foreign Trade 
(SISCOMEX).  

FDI_HDI 
Institutionally weighted FDI (by the 
Human Development Index) 

MNCs' origins were defined by each companies' headquarters 
location. HDI was taken from the World Bank. 

FDI_RL 
Institutionally weighted FDI (by the 
Rule of Law index) 

MNCs' origins were defined by each companies' headquarters 
location. Rule of Law is part of the Worldwide Governance 
Indicators (WGI) and was taken from the World Bank. 

FDI_EF 
Institutionally weighted FDI (by the 
Economic Freedom index) 

MNCs' origins were defined by each companies' headquarters 
location. Economic Freedom Index was taken from the Fraser 
Institute 

LP Labour productivity 
Brazilian Institute of Geography and Statistics (IBGE) and the 
Annual Report of Social Information (RAIS) 

IND Industrial sector Brazilian Institute of Geography and Statistics (IBGE)  

SERV Service sector Brazilian Institute of Geography and Statistics (IBGE)  

DENS Population density Brazilian Institute of Geography and Statistics (IBGE)  

 

3.4. Empirical model  

The model can be expressed as: 

 

ln 𝐸𝐼௝௧ = 𝛽଴ + 𝛽ଵ𝐹𝐷𝐼௝௧
௞ + 𝛽ଶln 𝐗′௝௧ + 𝛼௝ + 𝜀௝௧ 

 

(4) 

 

and,  

 

Ln 𝐸𝐼௝௧ = 𝛾଴ + 𝛾ଵ𝐹𝐷𝐼_𝐼𝑁𝑆𝑇௝௧ + 𝛾ଶln 𝐗′௝௧ + 𝛿௝ + 𝜀௝௧ 

 

(5) 

 

 

 where all variables are in logs except for FDI-related variables as they are already presented in 

percentage terms. As presented before, EI is the CO2 emissions intensity level for each region j at time t, FDIk 

is the FDI measure for each technology-level k (i.e., high-technology, medium-high-technology, medium-low-
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technology, and low-technology), FDI_INST is the measure for institutionally weighted FDI, X represents the 

set of control variables, 𝛼௝ and 𝛿௝ are the regional fixed-effects, and 𝜀 is the error term. 

 To choose the estimation technique, the Hausman test pointed to the Fixed-Effects (FE) specification 

as the preferred one for the employed dataset. Additional testing revealed that the error term suffers from 

groupwise heteroscedasticity (Greene, 2002), autocorrelation (Wooldridge, 2010), and cross-section 

dependence (Pesaran, 2004), which shows the need for a method of estimation that deals with all the problems 

in an N>T set. Accordingly, it was decided to use the Driscoll-Kraay (DK) estimator (Driscoll & Kraay, 1998), 

also employed by numerous environmental studies (Pan et al., 2021; Neves et al., 2020; Wang et al., 2017), as 

this non-parametric technique is capable of producing heteroscedasticity and autocorrelation-consistent 

standard errors that are robust to general forms of spatial and temporal dependence (Hoechle, 2007) in a dataset 

with a much higher number of cross-sectional units with respect to the number of time periods (Hoechle, 2007; 

Wang et al., 2017).  

 

4. RESULTS 

4.1. Main findings 

Table 2 displays the general results gathered by employing the DK estimation, following the results 

of the tests for non-spherical disturbances (autocorrelation, heteroskedasticity and cross-sectional 

dependence). As it can be observed, both high-technology and low-technology FDI reduce the CO2 emissions 

intensity levels, showing that FDI can be environmentally friendly and reduce CO2 emissions (i.e., pollution-

halo behavior) (Polloni-Silva, Ferraz, et al., 2021; Singhania & Saini, 2021; Tiba & Belaid, 2020; Yi et al., 

2017), while supporting the sophistication of the host’s economy by decreasing its emissions intensity levels. 

Similar results are found for the medium-high-technology MNCs.  

The results point to the technological content of the FDI being a significant factor for the 

environmental impacts of such investments. High-technology and low-technology FDI seem to be particularly 

beneficial to the host regions, a result which is consistent through the use of different methods of estimation 

and different subsamples, as it is done further in this study. From an economic perspective, these results show 

that hosting FDI may be a valuable tool to boost development, as demonstrated by previous studies set in 

Brazil, but may also boost the host regions’ productivity in a different way depending on the technological 

context of the FDI. These results display that even low-technology FDI may reduce CO2 emissions intensity. 
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In other words, some MNCs in technologically simpler manufacturing activities already present higher 

productivity levels than the national industry. As the results are further explored, important policy implications 

may be found. 

Moreover, it is interesting to note that the institutionally weighted FDI variables are insignificant so 

far, which could go against the results found by Adeel-Farooq et al. (2021) that the home-country influences 

the FDI-environment nexus. However, within the institutions-based view, several authors argue in favor of 

employing sub-samples of regions to better evaluate the regional effects of FDI with more similar 

characteristics (Adom et al., 2019; Polloni-Silva, Ferraz, et al., 2021). Hence, the remainder of this section will 

disentangle the sample into different subgroups to get more homogeneous characteristics within each one, as 

the São Paulo state includes over 500 municipalities, from large and well-developed to smaller rural areas.  
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Table 2. Main results 

Variables 
(1) (2) (3) (4) 
DK DK DK DK 

HFDI -0.0767***    
 (0.0254)    

MHFDI -0.0701**    
 (0.0285)    

MLFDI 0.194    
 (0.187)    

LFDI -0.229***    
 (0.0348)    

FDI_HDI  -0.0322   
  (0.0237)   

FDI_RL   -0.0246  
   (0.0249)  

FDI_EF    -0.0236 
    (0.0258) 
IND 0.0506*** 0.0516*** 0.0516*** 0.0516*** 
 (0.0137) (0.0127) (0.0127) (0.0127) 
SERV 0.996*** 0.991*** 0.991*** 0.991*** 
 (0.0746) (0.0716) (0.0715) (0.0715) 
DENS -0.0825 -0.0850 -0.0856 -0.0861 
 (0.0547) (0.0587) (0.0591) (0.0589) 
LP -0.0503*** -0.0522*** -0.0522*** -0.0522*** 
 (0.0170) (0.0156) (0.0156) (0.0156) 
Constant -6.177*** -6.144*** -6.143*** -6.141*** 
  (0.369) (0.376) (0.376) (0.375) 
Year FE Yes Yes Yes Yes 
F 586.98*** 15271*** 10480*** 10806*** 
Hausmann 34.11*** 28.52*** 28.56*** 29.04*** 
Wooldridge 171.84*** 169.39*** 168.49*** 169.38*** 
Mod. Wald (103) 5.8*** 5.4*** 5.4*** 5.4*** 
Pesaran CD 3.10*** 3.30*** 3.31*** 3.31*** 
Mean VIF 1.55 1.78 1.77 1.77 
Observations 3,941 3,941 3,941 3,941 
Municipalities 563 563 563 563 

 

Tables 3 and 4 display the results for the three next sub-samples. First, only those municipalities with 

more than 1,000 industrial workers were used to avoid micro-sized regions, thus excluding small municipalities 

that present no significant industrial sector. Second, municipalities without the presence of manufacturing FDI 

for the whole 2010-2016 period were excluded to avoid overrepresenting less-developed regions in the state 

in which not even one MNC operates in. Third, the city of São Paulo was dropped from the sample as its 

development is unparalleled, meaning that studies usually regard São Paulo city as an outlier when 

development is discussed.  

Regarding H1, high-technology FDI seems to be particularly capable of reducing CO2 emissions by 

producing higher value-added goods whilst bringing green innovations, along with sustainable business 
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practices (Adeel-Farooq et al., 2021; Pan et al., 2020; Polloni-Silva, Ferraz, et al., 2021). De facto, the high-

technology group involves MNCs producing pharmaceutical (e.g., vaccines, bone reconstruction cement), 

electronics (e.g., microprocessors, integrated circuits), and high-end transport products (e.g., helicopters, 

airplanes), among the main ones, which may support the host’s economic growth with relatively lower levels 

of environmental degradation. Additionally, these industries may facilitate knowledge and productivity 

spillovers (De Vita et al., 2021; Jiang et al., 2018; Pan et al., 2020).  

 

Table 3. Analyses with sub-samples and the technological content of FDI 

Variables 
(1) (2) (3) 

At least 1,000 industrial 
workers 

With FDI during the whole 
period 

Excluding São Paulo 
city 

HFDI -0.149*** -0.177*** -0.174*** 

 (0.0354) (0.0423) (0.0425) 

MHFDI 0.00389 0.0187 0.0196 

 (0.0302) (0.0329) (0.0331) 
MLFDI 0.325*** 0.348*** 0.356*** 

 (0.107) (0.112) (0.113) 

LFDI -0.106*** -0.200*** -0.199*** 

 (0.0336) (0.0227) (0.0228) 

IND 0.507*** 0.729*** 0.738*** 

 (0.0543) (0.0732) (0.0743) 
SERV 0.260** 0.377* 0.388** 

 (0.103) (0.194) (0.193) 

DENS -0.169 0.255 0.296 

 (0.225) (0.475) (0.471) 

LP -0.571*** -0.648*** -0.650*** 

 (0.0362) (0.0259) (0.0258) 
Constant -2.141** -5.583*** -5.899*** 

  (0.980) (2.050) (2.021) 

Year FE Yes Yes Yes 

F 311.11*** 52.11*** 52.99*** 

Hausmann 89.95*** 66.80*** 78.93*** 
Wooldridge 31.01*** 86.25*** 86.01*** 

Mod. Wald (103) 5.6*** 4.5*** 4.4*** 

Pesaran CD 4.707*** 3.215*** 3.182*** 
Mean VIF 1.88 1.92 1.92 

Observations 1,596 840 833 

Municipalities 228 120 119 
The Driscoll-Kraay (DK) estimator was employed. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * 
p<0.1. 

 

The non-significant coefficients for FDI in the sectors in the medium-high technology group shows 

that this type of MNC may operate in either cleaner or dirtier activities, such as the ones operating in medical, 

dental, and optical equipment, which would create high value-added products with lower pollution levels, 

while also involved in producing chemical products and motor vehicles, which would pollute more intensively. 
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This demonstrates that the NACE division, usually employed in environmental-studies, should also be taken 

into account to interpret the findings. Similarly, the group of medium-low technology industries comprise 

petroleum products (e.g., fuel oil), plastic products, metals (e.g., aluminum), which could be considered more 

polluting, which is aligned with the findings of Table 3. 

Still, the results show a consistent negative effect from low-technology FDI, which would seem 

counterintuitive. Low-technology production comprises the manufacture of furniture (e.g., chairs; benches), 

clothing (e.g., fabrics; towels), and food products. As such, although not free of criticism, these activities can 

result in lower value-added products with very low levels of CO2 emissions. Hence, when emissions intensity 

levels are employed as the dependent variable, FDI in low-technology activities still seem to represent a valid 

strategy to create growth (i.e., GDP) with low levels of CO2. Moreover, MNCs often show higher levels of 

productivity (Ferraz et al., 2018; Moralles & Moreno, 2020), which can help explain how a higher regional 

concentration of FDI, even in low-technology activities, is still capable of generating richness without as much 

environmental impact as the domestic industry. As previously described, the domestic industry in Brazil is 

lagging and the sector shows signs of a deindustrialization process. One could therefore imply that low-

technology MNCs operate in higher productivity levels than domestic companies, therefore reducing the CO2 

emissions intensity. From an environmental perspective, these findings would implicate changes in 

policymaking in Brazil, which will be further discussed in this paper. 

With respect to the role of the different levels of institutional quality of the FDI’s home country, with 

the different subsamples, the results show that hosting FDI from economies with a high institutional quality is 

beneficial as a tool to decrease the CO2 emissions intensity levels. All three institutional indices employed 

showed a negative and significant effect on emissions intensity in two of the three subsamples used (see 

columns 4 to 9). Therefore, the institutional quality of FDI is important, and hosting MNCs from economies 

with a high level of institutional quality is particularly advantageous. Table 4 also demonstrates that these FDI-

related effects are robust to the consideration of different institutional variables. All in all, these findings show 

support for the second hypothesis: a higher institutional quality of FDI results in lower levels of pollution.  
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Table 4. Analyses with sub-samples and institutional quality of FDI 

Variables 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

At least 1,000 industrial workers With FDI during the whole period Excluding São Paulo city 

FDI_HDI -0.00616   -0.250***   -0.255***   

 (0.0254)   (0.0532)   (0.0537)   

FDI_RL  0.00453   -0.180***   -0.187***  

 
 (0.0258)   (0.0376)   (0.0385)  

FDI_EF   0.00138   -0.471***   -0.471*** 

 
  (0.0267)   (0.175)   (0.174) 

IND 0.503*** 0.503*** 0.503*** 0.728*** 0.729*** 0.728*** 0.736*** 0.738*** 0.737*** 

 (0.0547) (0.0549) (0.0548) (0.0722) (0.0716) (0.0721) (0.0732) (0.0727) (0.0731) 

SERV 0.260** 0.259** 0.259** 0.389* 0.391* 0.393** 0.400** 0.403** 0.404** 

 (0.104) (0.104) (0.104) (0.198) (0.199) (0.198) (0.198) (0.199) (0.198) 

DENS -0.163 -0.165 -0.165 0.251 0.243 0.258 0.293 0.286 0.298 

 (0.243) (0.242) (0.242) (0.500) (0.502) (0.513) (0.498) (0.500) (0.511) 

LP -0.568*** -0.568*** -0.568*** -0.643*** -0.641*** -0.640*** -0.644*** -0.642*** -0.642*** 

 (0.0358) (0.0360) (0.0359) (0.0244) (0.0247) (0.0249) (0.0243) (0.0246) (0.0248) 

Constant -2.166** -2.155** -2.159** -5.411** -5.450** -5.308** -5.725*** -5.769*** -5.615** 

  (1.054) (1.052) (1.049) (2.202) (2.215) (2.202) (2.181) (2.192) (2.177) 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes 

F 3115.2*** 3401.4*** 3691.5*** 779.0*** 1122.9*** 834.9*** 799.9*** 1299.6*** 850.1*** 

Hausmann 62.87*88 63.14*** 64.00*** 54.95*** 58.49*** 55.67*** 60.02*** 64.18*** 60.54*** 

Wooldridge 2915*** 28.97*** 29.28*** 74.72*** 73.45*** 72.28*** 74.59*** 73.34*** 72.18*** 

Mod. Wald (103) 6.0*** 6.1*** 6.0*** 3.8*** 3.6*** 4.3*** 4.0*** 3.8*** 4.5*** 

Pesaran CD 4.501*** 4.473*** 4.479*** 3.350*** 3.086*** 3.125*** 3.299*** 3.033*** 3.071*** 

Mean VIF 2.13 2.12 2.12 2.03 2.01 2.03 2.02 2.01 2.02 

Observations 1,596 1,596 1,596 840 840 840 833 833 833 

Municipalities 228 228 228 120 120 120 119 119 119 
The Driscoll-Kraay (DK) estimator was employed. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

  

Finally, it is worth commenting that the control variables are significant and aligned with the 

expected outcomes. A high share of the industrial and service sectors increases the intensity of CO2 emissions, 

and similar effects are found for population density (i.e., large-sized regions). Yet, technological progress (here 

measured by labor productivity) is a valuable tool to decrease the CO2 emissions intensity. 

 

4.2. Robustness checks 

Firstly, this study checks the consistency of the findings to a potential problem of endogeneity. 

Although numerous environmental studies ignore this procedure, the literature argues that foreign companies 

do not choose their subsidiaries’ locations randomly (Li et al., 2018; Polloni-Silva, Ferraz, et al., 2021). Thus, 

MNCs could be installing themselves in more developed regions, which may generate a reverse causality issue 

with the dependent variable. This is why all FDI variables were tested for endogeneity in all sub-samples. For 

the test, one-year lagged values of FDI were employed as instruments, following previous scholars (Song, 

2021; Yue et al., 2016). Table 5 displays the results for the C-statistic test (often denominated difference-in-



21 
 
Sargan test) only in the cases in which the test was significant and, consequently, endogeneity could be a 

problem. The results show that the variables for medium-low-technology and low-technology FDI are 

endogenous.  

 

Table 5. Endogeneity tests 

Group Variable C-statistics Result 
Full sample MLFDI 2.849* Endogenous 
At least 1,000 industrial workers MLFDI 6.518** Endogenous 
With FDI during the whole period MLFDI 4.568** Endogenous 

 LFDI 2.886* Endogenous 
Excluding São Paulo city MLFDI 4.692** Endogenous 
  LFDI 2.925* Endogenous 
** p<0.05, * p<0.1   

  

 

Following the results of the tests, the Limited Information Maximum Likelihood (LIML) estimation 

technique was employed to deal with the endogeneity issue. Some scholars argue that this technique is more 

capable of ensuring consistency and asymptotic normality than the traditional Two-Stages Least Squares 

(2SLS) method (Akashi & Kunitomo, 2015), even in smaller samples and with weak instruments (Hahn & 

Inoue, 2002; Wansbeek & Prak, 2017). Table 6 shows the results for the LIML estimations, which are aligned 

with previous findings, therefore showing the robustness of the findings.  
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Table 6. LIML estimations 

Variables 
(1) (2) (3) (4) 

Full 
sample 

At least 1,000 industrial 
workers 

With FDI during the whole 
period 

Excluding São Paulo 
city 

HFDI 0.143 -0.148 -0.192** -0.190** 

 (2.671) (0.0898) (0.0959) (0.0961) 
MHFDI -0.606 0.0475 -0.141 -0.141 

 (6.365) (0.0619) (0.194) (0.194) 
MLFDI -25.98E 1.680*E 1.316*E 1.340*E 

 (311.4) (0.866) (0.691) (0.703) 
LFDI -0.339 -0.0566 -0.165**E -0.164**E 

 (1.832) (0.0528) (0.0670) (0.0672) 
IND -0.00483 0.573*** 0.769*** 0.777*** 

 (0.791) (0.102) (0.188) (0.189) 
SERV 0.772 0.259 0.495 0.504 

 (2.109) (0.174) (0.369) (0.368) 
DENS 1.062 -0.283 -0.217 -0.167 

 (12.39) (0.378) (0.550) (0.550) 
LP -0.0579 -0.626*** -0.649*** -0.651*** 
  (0.136) (0.0603) (0.0912) (0.0909) 
Year FE Yes Yes Yes Yes 
F 10.94*** 34.83*** 21.66*** 21.42*** 
Observations 3,378 1,368 720 714 
Municipalities 563 228 120 119 
ETreated for endogeneity using one-year lagged value as instruments. Robust standard errors in parentheses. *** 
p<0.01, ** p<0.05, * p<0.1. 

  

Moreover, this study uses panel threshold tests to check if the relationship between FDI and the CO2 

emissions intensity is non-linear. Some scholars argue that the somewhat inconclusive results from FDI may 

be the consequence of linear assumptions. From this perspective, an FDI variable might only show significant 

effects when the region’s dependency on FDI is high (i.e., a large portion of the regions’ exports depend on 

foreign companies). For this reason, scholars are now using more novel methods to evaluate the FDI-CO2 

nexus (He & Yao, 2017; Polloni-Silva, Ferraz, et al., 2021; Yang et al., 2021; Zhou & Li, 2020). Here, single, 

double and triple threshold tests were employed to check for significant non-linear connections between FDI 

and the emissions, which was not found. Hence, the previously presented linear results are robust. 

 

5. DISCUSSIONS AND POLICY IMPLICATIONS  

The results suggest that the ‘one size fits all’ approach results in misleading assumptions of the FDI-

driven effects on the host country. As a result, relevant theoretical contributions need to be discussed, along 

with policy implications for Brazil. 
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De facto, FDI seems to be a powerful tool to generate wealth while reducing CO2 emissions. From a 

technology-centered perspective, FDI is particularly beneficial when it operates in high-technology sectors 

(e.g. pharmaceutical, computer electronics), as expected. These sectors are arguably the most capable type of 

investment to boost the host’s development beyond the possible GDP growth. The literature has found 

evidence that more sophisticated sectors are beneficial to the host’s innovation levels, along with gains from 

technology and knowledge spillovers within the domestic industry (Moralles & Moreno, 2020; Doytch & 

Uctum, 2016; De Vita et al., 2021; Ferraz et al., 2021). Moreover, as previously described, these companies 

may impact domestic firms and partners within the supply chain to also invest in better technologies and 

managerial practices, therefore boosting productivity levels and, by consequence, the emissions intensity levels 

may be decreased. In other words, high-technology FDI is indeed a valid channel towards environmentally 

friendly development, as well as the addition of green products to the Brazilian supply-chain. 

Yet, new findings should be noted. Interestingly, FDI in low-technology sectors (e.g., furniture, food 

products) appears to increase the region’s GDP without much environmental degradation, contrarily to the 

presented initial expectations. Concurrently, it is possible to observe that receiving more MNCs from 

economies with well-developed institutional backgrounds is advantageous to São Paulo’s economy. Therefore, 

especially in the case of emerging economies, hosting FDI from both high and low-technology sectors can 

boost environmentally-friendly development in the short term, particularly if the host economy’s industrial 

sector is underdeveloped in comparison with others. Arguably, the Brazilian domestic industrial sector suffers 

greatly from out-of-date technology and business practices (Gaulard, 2015; Nassif et al., 2020; Iasco-Pereira 

& Morceiro, 2024), so that it would be desirable that FDI inflows continue to be in São Paulo’s development 

strategy. 

Nevertheless, these results suggests that long-term development should move towards high-

technology. In this sense, policymakers in São Paulo (and Brazil) should aim to further develop the high-

technology industrial sector to initially combat the current deindustrialization issue. Over time, this newly 

developed sector will facilitate future technology and knowledge spillovers from the incoming high-

technology FDI, as the domestic sector will have the absorptive capacity to do so (Moralles & Moreno, 2020). 

Moreover, from a newer side, the FDI literature argues that new foreign investment decisions are highly 

influenced by previous investments. Hence, as the high-technology sector is further developed in São Paulo, 

some new MNCs will invest in the region. These decisions will influence other foreign investors over time, 
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and high-technology FDI inflows may grow considerably in the long term. After all, since high-technology 

FDI is only a portion of the overall pool of investments in the country, efforts to increase this sector’s presence 

in the region could result in promising benefits. 

It is also important to highlight that medium-low-technology companies should be further 

investigated. As is the case for most sector-based studies, this investigation is limited by the NACE division. 

The MNCs in this group are highly focused on pollution-intensive activities, and are possibly the type of firm 

that should be avoided regardless of the origin, as these companies are mainly seeking loose environmental 

regulations. From this perspective, one could argue that FDI-policies should follow the Chinese strategy to 

work towards an ‘active but cautious’ (Wang et al., 2019) FDI strategy to accelerate its development. 

In addition to this debate, policymakers should not ignore energy policies. Brazil usually avoids 

discussing energy development, as the country presents a relatively clean (when compared to European 

countries) energy matrix due to the use of biomass, biofuel and hydropower. Still, considering that São Paulo 

state, the best developed region in the country, is facing issues with the energy intensity and industrial output 

(Gandhi et al., 2017), further work on cleaner energy sources throughout the state is necessary.  

For example, the São Paulo state region invested in decarbonizing its economy by investing in clean 

energy production (e.g., hydroelectric plants) and biofuels, but these efforts demonstrate that the 

decarbonization process is still in its infancy (Abramovay, 2010), and the energy intensity levels have 

worsened over the years (Gandhi et al., 2017). In this sense, this study’s recommendations are aligned with de 

Mello Santana and Bajay (2016) that the Brazilian government should build programs with energy-intensive 

companies, aiming to boost energy-efficient equipment and methods. Arguably, these partnerships could 

involve the MNCs operating in the country.  

From the institutional perspective, MNCs from developed economies bring their technological and 

managerial capabilities to the host regions, these regions improving their productivity and energy-efficiency 

levels. In other words, the results are aligned with Adeel-Farooq et al. (2021) and their idea that the FDI-

environment relationship is dependent upon the origins of these investments, and that emerging regions should 

reconsider the overall conviction that only MNCs operating in sophisticated sectors may result in benefits for 

the host. Indeed, even low-technology MNCs may be useful for emerging regions’ development. Moreover, 

the employed data shows that the majority of foreign investments in both high and low-technology sectors are 
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originally from regions with well-developed and highly-productive industry sectors (e.g., United States of 

America, Netherlands, Switzerland, Germany). 

De facto, the institution-based view argues that the home-country institutional environment (i.e., 

context), including law, culture and expectations (e.g., countries with growing worries about the environment) 

can be imprinted upon the MNCs operating abroad. This study demonstrates that these theoretical arguments 

hold true for the Brazilian context.  

Some country-specific policies could be beneficial to the São Paulo state (and other Brazilian 

regions), as the stakeholder pressure at home seems to be imprinted upon the MNCs in Brazil, which results 

in more environmentally-friendly investments. In other words, the institutional pressure from the home country 

and its influence on the FDI-driven effects in the host region (Adeel-Farooq et al., 2021; Haleem et al., 2021) 

should not be ignored in future policymaking and empirical investigations, as it has been the case for most of 

the modern debate on the FDI-environment nexus. 

 

6. CONCLUSIONS AND A FUTURE RESEARCH AGENDA 

This study verified how FDI can be a tool to boost the São Paulo state region’s environmentally 

friendly development, while considering the technological and institutional heterogeneity of the MNCs 

operating in the region. In sum, the results show that FDI continues to be a valuable tool for development. Yet, 

future developmental policies should revisit the ‘one size fits all’ perspective on FDI and focus on attracting 

high-technology MNCs, along with companies from well-development economies with strong institutions.  

Here, however, the findings also bring light on MNCs with lower levels of technological content 

being able to decrease the CO2 emissions intensity levels. This is the case of low-technology MNCs, as these 

companies arguably present better productivity and managerial standards compared to the national industry. 

Hence, FDI in sectors other than high-technology should be pursued, and on these cases, it is important to pay 

attention to the country-of-origin of such MNCs. 

These results contribute to fairly limited empirical literature on FDI in emerging economies, 

especially considering environmental issues and firm heterogeneity. Interestingly, these results also serve as a 

starting point for new investigations further evaluating how MNCs can impact the Brazilian -and other 

region’s- development. 
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Future research may be interested in including economic complexity levels in the discussion on the 

impact of FDI. Additionally, FDI in agriculture and services (e.g., financial sector) is growing, and its 

environmental effects should also be analyzed, especially in Latin America, as the region’s FDI-related inquiry 

is still very limited. It would also be interesting to focus on FDI from emerging economies to Latin America 

(‘South-South’ FDI) and its environmental impacts. The results also point to future studies needing to go 

beyond the NACE classification to further evaluate FDI and its heterogeneous effects. Finally, the steps taken 

by this study could be replicated in other Brazilian regions and emerging economies in Latin America to check 

if similar results are found, especially considering the possibly diverse energy mix across countries. 
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