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Abstract. The European Commission targets to achieve zero gas emissions by 2050. However, there is no
single element or policy that allows us to achieve this target. Greenhouse emissions (GHE) are largely
influenced by economic dynamics and energy use, as well as strategic positioning of businesses and
technological advancement in renewable energy consumption. Against this background, our research aims
to analyze the influence of foreign direct investment, renewable energy and economic growth on greenhouse
gas emissions and how important and statistically significant these influences are. The paper analyses the
determinants of the decrease in gas emissions in European economies over the period 1990-2023. In a
quantitative panel data analysis, we examined the impact of renewable energy, labor force, gross domestic
product growth per capita, and foreign investment inflows on greenhouse gas emissions. The Pooled
Ordinary Least Squares method, with fixed and random effects, was used in our empirical analysis. The
study's findings suggest that economic growth continues to be a significant contributor to emissions. The
use of green energies influences the decrease of greenhouse gas emissions. More precisely, 1% increase in
the use of green energy results in a 0.19% annual reduction in greenhouse gas emissions. To better
understand the results reported for the group of EU countries, gas emissions in Romania are analyzed as a
case study. In 2023, Romania was one of the top EU members in terms of renewable energy integration and
used more than 33% green sources in its total energy consumption.

Keywords: Greenhouse gas emissions (GHE), green energy consumption, foreign investment, sustainable
strategies.

Introduction

Recent industrial development, high energy consumption, and rising living standards are driving
the production of ever-increasing greenhouse gas emissions (GHE). The atmosphere is composed
mostly of nitrogen and oxygen, but also of argon, carbon dioxide, hydrogen or helium. Some gases
are harmless, but some are dangerous for human activity, such as ammonia, carbon monoxide (CO),
sulfur dioxide, ozone (O3), and methane (CH4). The natural balance of atmospheric gases, which
has been maintained within some limits, is now threatened by inhabitants and companies. The risks
involve acid rain, climate heating, and atmospheric pollution. Environmental pollution has reached
worrying proportions and encompasses a range of issues. Atmospheric pollution has increased the
planet's average temperature by half a degree.
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In the last decades, due to the growth of global consumption, it has become a pressing
necessity to develop solutions that maintain sustainability. All sides of the effects of pollution on
the habitat and public well-being should be integrated into programs, especially at the European
level.

Sources of air pollution can be fixed or mobile. Fixed sources include industrial and
household combustion devices that emit dust, carbon oxides, sulfur oxides, nitrogen oxides, and
other pollutants; the lower the fuel quality, the less efficient the combustion and the greater the
number of pollutants released. Thus, lower-grade coals (lignite, brown coal, peat, bituminous shale)
leave large amounts of ash, carbon dioxide, and carbon monoxide during combustion; industrial
facilities in chemistry, metallurgy, construction materials, etc., release oxides of Fe, Mn, Cr, Ni,
Zn, Pb, Cd, Cu, CO2, C; volcanoes and stagnant waters (ponds, swamps) emit various gases and
vapors;- Residues of any origin, spread on the ground, as well as decaying animals and plants, also
constitute fixed sources of air pollution.

The dispersal of pollutants is always influenced by air movement driven by temperature
differences between adjacent regions. Since temperature drops with altitude, when cold air is
trapped beneath warm air, a temperature inversion occurs, causing pollutants to accumulate on the
Earth's surface and become much more harmful to human health. Along with this phenomenon, the
ozone layer is also being destroyed, which helps filter harmful ultraviolet radiation from the Sun;
When these rays are not blocked, the greenhouse effect occurs, increasing the planet's average
temperature, with carbon dioxide being the primary contributor. Therefore, in such an atmosphere,
the concentration of pollutants is uniform in all directions, regardless of the particle's position
within the atmospheric mass, and the temperature is equal to that of the atmosphere; thus, the
dispersal and transport of pollutants are not affected.

Carbon dioxide (CO2) and methane (CH4) are the two most negatively impacting gases on
to climate warming and human well-being. The indicators analyzed in the study are intuitive,
reflecting trends in information on global warming gases, GDP growth, and the use of green
energies in European economies. Particulate matter is made up of a mixture of solid particles and
liquid particles.

Although particle matter PM o (having a diameter of 10 um or less) comes from natural
sources, it also includes dust from construction, agriculture, as well as waste burning, industrial
sources, wind-blown dust in open fields, and even pollen or bacterial fragments. Particle matter
PM3s5 comes mainly from the combustion of solid fuels, household heating, industry, and
transportation. Different emission sources and chemical compositions contribute to the presence of
both PM 19 and PM3 5 particle matter. In addition, the transport sector is a significant source of air
pollution worldwide, but is documented about the implication of transport infrastructure on air
quality. In the centres of some European cities, 24% of atmospheric air pollution originates from
road transport. As a result of the long-distance transfer of PM o, which also comes from road
transport, an additional 17% of particulate pollution is formed (Iorga, 2016).

Furthermore, studies conducted in 2024 by the European Environment Agency show that
the biggest challenge is reducing ammonia (NH3) emissions. Meanwhile, 25 countries reduced
sulphur dioxide (SO2) emissions (EEA, 2025). According to Eurostat in 2021, Bulgaria was the
“leader” in atmospheric air pollution with PM1o and PM2s particles. The increase in industrial
activities and vehicle emissions in cities is the primary cause of air pollution.

Today, in urban environments, people suffer from many health problems due to air
pollution. Human health requires clean air. Today, several diseases are caused by air pollution. The
deaths observed around the world are due to air pollution. In Romania, efforts to reduce air
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pollution through control measures and lower pollutant levels have led to significant improvements
in air quality. With the increase in air pollution, studies have found an increase in morbidity and
mortality from all natural causes. In the city, air pollution can be reduced through various measures
identified in recent years. However, to further reduce air pollution, more efforts are needed.

In this context, the research aims to analyze the influence of foreign direct investment, renewable
energy and economic growth on GHE and how important and statistically significant these influences are
at the EU level. To better understand the implications of our findings, we consider Romania as a
case study. The importance of the subject and the research approach have been underlined by Jianu
et al. (2022) and Gibba (2024) too. The novelty of the presented approach lies in its focus on total
GHE, whereas most previous works have analyzed the determinants of carbon emissions.

Literature review
The exposure to air pollutants and life expectancy are strongly corelated variables. GHE have a
significant impact on life expectancy at 65 years of age, as supported by previous research by
(Meghisan & Toma, 2017). PM;¢ concentrations below 100 pg/m?, taken as a daily average,
influence the mortality rate, as well as the number of hospitalizations due to respiratory diseases,
heart diseases, etc., related to population health. Several authors have reported the primary effects
of PM 19 and PM 5 particle matter on population health (Chai et al., 2022). Furthermore, the results
of the Maciejewska (2020) research demonstrated a 0,7% increase for each 10 pg/m? related to
PM, 5 caused premature deaths in Poland. A European study on Central-Eastern economies found
that reducing PM ¢ levels to 20 pg/m3 could prevent dozens of post-neonatal deaths and respiratory
illness among children (Paldy et al., 2006).

Other studies reveal that various factors influence GHE, including foreign direct investment
(FDI) (Iamsiraro, 2016; Lin et al., 2023), economic growth (Giba et al., 2024), population density
(Petre et al., 2025), and human activity (Yao et al., 2020; Mahmood et al., 2020). The link between
economic growth, pollution, and foreign investment is explained by different models such as the
Environmental Kuznets Curve (EKC), the Pollution Haven Hypothesis, the Halo Pollution
Hypothesis, and the Triple Bottom Line. The EKC suggests that the initial phase of economic
expansion generates more pollution. However, after a certain point, because of the adoption of
clean technologies and environmental regulations, the rate of decrease slows. In this way, the
inverted U-shaped curve is created (Abassi et al, 2023). The Pollution Haven Hypothesis explains
the situation of countries with weaker environmental protection rules that attract foreign
investments to target economic growth. In other words, international companies move their
production to countries with a more relaxed system regarding pollution (Bagchi & Sahu, 2025).
The 3Ps Framework of Sustainability (known as the Triple Bottom Line, TBL model) is used to
express an equilibrium among People, Planet, and Profit in sustainability (Elkington, 1997).

Furthermore, generating profit by attracting foreign investments should not come at the
expense of harming the habitat or affecting the health of people. However, increasing foreign direct
investments in an economy also brings green technologies and strategies to reduce greenhouse
gases, creating the Hallo effect (Pilatin et al., 2025). In a study covering 12 countries that produce
and export large amounts of oil over the period 1983-2022, Gibba (2024) shows that for every 1%
increase in GDP growth, GHE increases by approximately 7.47%, while foreign investments have
no impact. Studies have shown that economic growth and foreign investment can accelerate GHE
(Lin et al., 2023; Yao et al., 2020).

Furthermore, Jianu et al. (2022), analyzing 27 European countries between 2010 and 2019,
found that final consumption of households per capita, GDP per capita, and waste generation
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increase air pollution. The share of renewable energy helps to decrease GHE slightly. Moreover,
for example, Apergis et al. (2022) demonstrated, using a dataset of 19 developed economies, that
renewable energy consumption is associated with reduced GHE. Studying 163 countries by
dividing them into five groups according to their income dynamics from 2000 to 2019,
Dharmapriya (2025) shows that economic growth is positively associated with higher emissions,
mainly in high-income countries where the reliance on fossil fuels is high.

Based on existing studies (and the arguments provided by different authors on the
determinants of GHE in different European economies), the following hypotheses were elaborated
and tested.

HI1: Renewable energy consumption hurts GHE.

H2: Economic growth has a positive impact on GHE.

H3: Foreign direct investment has either a negative or a positive impact on GHE.

Methodology

Research design and sample size

The data set used in the present investigation consists of four variables collected from the World
Bank, covering all 27 European economies and spanning the period 1990 to 2023.

Research H1: Renewable energy consumption hurts GHE.
hyphothesis H2: Economic growth has a positive impact on GHE.
sy H3: FOreign direct investment has either a negative or a positive effect on GHE.

Extensive literature

- -

review Determining the factors that contribute to greenhouse gas emissions (GHE)
Manual 27 european economies GDP per capita growth .
data gathering — during 1990-2023 == =—m———— - Renev.vaple energy share of total consumption
"""""""""""""""" Foregin investments inflows
| Labor force

v

Regression analysys |————— The pooled Ordinary Least Squares (OLS) method, along with fixed-effects and random-effects
models, is used for the dependent variable (GHE)

I |

v

Case study

—, The greenhouse gases in Romania

Figure 1. The methodological framework
Source: Authors’ own development.

Data collection
The dependent variable considered in the research is GHE, while the independent variables are
economic growth (GDP per capita growth), foreign direct investment, and the share of renewable
energy consumption. The labor force is used as a control variable.

In line with the approach presented by (Albulescu et al., 2020), the general mathematical
equation for the fixed effects is the following:

Yi=po tpi1di+ait €is (1)
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where Yit is the dependent variable (GHEs for the country i at time t);
po - the intercept;

p1 - the coefficient;

o, - all the stable characteristics of countries;

Air— the independent variables for country i at time t;

€ir — the error term.

The estimated econometric model will be as follows:

d(ghg) = ¢ + a*d(rnw) + f*d(eg) + A* d(fdi) + o* d(lf Ig) + ¢ (2)

where d(ghg) is the GHEs in the first difference level,

d(rnw) - the use of renewable energy consumption;

d(eg) - the economic growth per capita;

d(fdi) - foreign investments;

d(lf lg) - the labor force in logarithms;

o, B, 4, 0 - coefficients;

¢ - the intercept.

¢- the random error.

The Pooled Ordinary Least Squares method with fixed and random effects was used to
analyze the data. Meanwhile, gas emissions, economic growth, and renewable energy transitions
unfold gradually.

The data was tested for stationarity, and subsequently, given the lack of stationarity, all
variables are used in first generation unit root. For the cross-sectional analysis, we employed a
stepwise approach, where each variable was added to the models progressively.

Results and discussions
The factors influencing the GHE at the European level
Figure 2 presents the trend of air pollutants emissions in the 27 countries from the European Union,
by outlining the long-term trends and cycle progress toward the EU’s climate targets (particularly
under the European Green Deal) while the short-term cycles indicate fluctuations caused by
economic activity, energy demand, and policy changes between 1990 and 2023.
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Figure 2. Trend of GHE in EU (1990-2023)

Source: Authors’ own research results.

Cycle

In the 1990s, greenhouse gas emission levels were high, outlining an economy based on
fossil fuels. In the period 2005-2009, the trend began to decrease notably, as a reflection of
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European climate policies adopted (the Kyoto Protocol, and later the Paris Agreement). After 2019,
the trend decreased, indicating a use of green sources for an increased energy efficiency. The long-
term trend reveals a more pronounced reduction in pollutant emissions in the European Union after
2010, when member states implemented all measures to enforce energy efficiency regulations.

Table 1. Panel data analysis

d(GHE) Model 1.1 Model 1.2 Model I1.1 Model I1.2

Random Random Fixed Effects | Fixed Effects
Effects Effects

c -0.044 -0.013 -0.018 -0.022

d(rnw) -0.191*** -0.175%** -0.173%** -0.173***

d(eg) 0.030%** 0.029%** 0.028%** 0.028***

d(fdi) 8.25E-05 8.25E-05 7.29E-05

d(lf Ig) -2.158 1.753

Note: *** ** * means significance at 99%, 95% and 90% respectively.
d(rnw) -renewable energy use in first generation unit root

d(eg) - economic growth in first generation unit root

d(fdi) - foreign direct investments in first generation unit root

d(lf lg) - labor force in logarithm in first generation unit root

Source: Authors’ own research results.

Firstly, from the data analysis, it has been observed that the use of green energy has a
notably adverse impact on gas emissions, suggesting that energy transition may have a positive
environmental effect; 1% increase in the share of renewable energy use results in a 0.19% annual
decreasing in greenhouse pollutants. The first hypothesis is supported at a 99% confidence level.
Secondly, the effect of economic growth on gas atmospheric release is considerable, in line with
previous studies (Dharmapriya, 2025). We conclude that the second hypothesis is supported with
a confidence level of 99%.

In accordance with previous studies (Albulescu et al., 2022; Onofrei et al., 2022), the
variation in GDP (economic growth) has a positive effect among the four models, suggesting that,
in the short term, economic activity expansion leads to an increase in emissions.

Thirdly, we find that the third hypothesis is not supported in line with Albulescu et al.
(2022). Our data did not validate either the Hallo Pollution Hypothesis or the Pollution Haven
Hypothesis. The active labor force (used as a proxy for the country's size) has no significant impact
on GHE.

The GHE situation in Romania
To better understand the composition of greenhouse gases, a case study was conducted on the
situation in Romania.

Figure 3 shows the overall trend in emissions of the primary pollutants: sulfur oxides (SOx),
nitrogen oxides (NOx), PM o and PM2s, and carbon dioxide (CO. ) in Romania between 1990 and
2018. On one hand, the most significant variation is observed for SO, which ranged from 828 kt/year
in 1990 to less than 100 kt/year in 2018. Before 2007, sulfur dioxide (SO-) levels fluctuated: between
1996 and 1999, they decreased, whereas between 2000 and 2003, emissions increased. Since 2008,
SO, emissions have dropped dramatically. This was mainly due to the use of low-sulfur fuels and the
regulatory obligation regarding the maximum fuel content in diesel/motor transport, too. NO2
emissions decreased by 47% from 1990 and by 31% from 2005, mainly due to the adoption of the
climate mitigation program and a decrease in liquid fuel consumption. The trend reflects several
factors: economic growth in Romania between 2002 and 2008, prior to the worldwide financial
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collapse, which triggered a decline in industrial production, as well as a decrease in energy production
at power plants. PM 5 has the highest value during the period analyzed.
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Figure 3. The evolution of the primary air pollutants in Romania during the period 1990-2018
Source: https://www.eea.europa.cu/data-and-maps/dashboards/air-pollutant-emissions-data-viewer.
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Figure 4. Fuel Combustion by Energy Source in Romania
Source: https://www.iea.org/countries/Romania.

GHG emissions by sector (without LULUCF)

2021
M Energy - 66.64%
M Industrial Processes and
Product Use - 11.09%
m Agriculture - 16.61%
W 'Waste - 5.66%
m Other - 0.00%

Figure 5. Sectoral CO, Emissions from Fuel
Source: https://www.iea.org/countries/Roman.
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Figures 4 and 5 present the source of the fuel combustion in Romania as well as the main
sectors. It can be observed that in 2021, the primary sector with the highest level of gas emissions
was the energy sector, followed by agriculture. The primary source of pollution is oil. Since 2006,
the idea of environmentally sustainable growth has been included in the Strategy for Enlarged
Europe. In 2016, through Government Decision No. 739/2016, the National Strategy on Climate
Change and Low-Carbon Economic Growth for the period 2016-2020, along with the National
Action Plan for implementing the National Strategy on Climate Change and Low-Carbon
Economic Growth for the same period, were approved. Adopted in 2008 at the legislative level,
the National Strategy for Sustainable Development 2013-2020-2030 has 17 objectives.

According to the National Strategy for Sustainable Development 2030, the target set for the
year 2030 regarding Objective 13 (Climate Action) is: to enhance shift to green' economy, reduce
gas emissions. The target set for 2030 is to boost the use of green energy sources and reduce
considerably the use of carbon fuels in the transport sector (by adopting electric vehicles. In 2023,
renewables accounted for 33% of Romania's total electricity generation and approximately 25% of
its total final energy consumption, positioning the country among the top EU members in terms of
renewable integration.

By analyzing the situation in Romania, we find that the agricultural and energy sectors
should utilize more renewable energy sources.

Conclusion

Reducing air pollution is the European Union's main priority, and substantial grants are allocated
to address the analyzed macroeconomic issues through different national programs. The Green
Deal has the objective to attain carbon neutrality by 2050, increase the share of green energies in
total energy consumption to at least 42.5%, and reduce transport emissions by 90% by 2050.

The econometric model outlines an inverse relationship between changes in the share of
renewable energy and variations in GHE. This result confirms the hypothesis that the expansion of
green sources contributes to decouple economic growth from pollution. At the same time, the
positive effect of economic growth on gas emissions shows that economic development, without
investments in green energy, continues to exert pressure on the environment. Foreign direct
investments do not have any influence on gas emissions.

In Romania, particle matter PM2 s has the highest value during the period 1990-2018 and is
a leading cause of premature deaths. The primary sector with the highest level of GHE is energy,
followed by agriculture.

The study also has some policy implications. The transition to green energy sources can
boost the quality of air, hinder pulmonary illnesses, and maintain individual health, especially in
densely inhabited or industrialized places. Green policy strategies lead to the creation of inclusive
job opportunities in the renewable sector. Decision-makers should promote the use of green energy
among residents and businesses.

The research presents some limitations regarding the number of variables examined in the
sample, only the long-time effects are captured. Another limitation is regarding the Pooled
Ordinary Least Squares with fixed and random effects, which provides a linear interpretation of
GHE. In addition, this approach does not allow the treatment of endogeneity bias that can influence
our results. However, given the small number of observations included in our sample, the approach
is recommended for a primary analysis.

Meanwhile the methodological approach adopted assumes that the effect of each variable
is uniform for all countries. The relationship between energy use, economic growth, and
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greenhouse gas emissions is likely heterogeneous across economies. In developed economies the
use of renewable energy exerts a more pronounced impact in reducing GHE rather than in
developing economies, which promote more flexible environmental regulations for industry.

Further studies should incorporate more variables into the research, such as industrial
influence, environmental regulations, urbanization. Another direction could be the correlation
between premature deaths and respiratory diseases with GHE.
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