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Abstract: This study provides an overview of greenhouse gas (GHG) emissions in Romania between 1970 and 2023,
highlighting long-term trends, sectoral contributions, and their implications for climate policy. Using data from the
Emissions Database for Global Atmospheric Research (EDGAR), annual values of CO2, CHa, N2O, and F-gases were
analysed across eight major anthropogenic sectors. Results show that Romania experienced a peak of approximately
280 MtCO:2eq in 1988, followed by a sharp decline after the political and economic transition in 1989. By 2023,
emissions decreased to around 105 MtCO:eq, representing a 62% reduction. This decline was largely driven by the
restructuring of heavy industry, closure of inefficient energy facilities, and adoption of EU-aligned environmental
policies. However, transport, agriculture, and waste sectors gained increasing relevance as industrial and power-related
emissions fell. Despite progress, sustained challenges remain for achieving Romania’s climate neutrality targets by
2050, particularly in transport decarbonization, agricultural emissions control, and methane capture from waste
management.
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1. INTRODUCTION risk of climate exceedances and more severe impacts,
such as increased floods, droughts and heatwaves.
In the last century, the increase in global average Urgent and accelerated reductions in greenhouse gas
temperature has been faster compared to its very slow emissions are needed to avoid exceeding the 1.5°C
changes in the past. This trend is caused by the burning warming target and to manage the economic and health
of fossil fuels in various human activities [1], [2], [3], costs of increasing climate change. [10], [11], [12], [13],
[4]. Global climate change, which is causing an increase [14]. In 2023 the main GHG emitting countries in the
in the average temperature in the world with dramatic world were China (30.1%), USA (11.3%), India (7.8%),
consequences in the future, is due to the increasing Russia (5.0%) and Brazil (2.5%). EU contribution is
emissions of CO,, CH4, N,O and fluorinated gases (F- only 6.1% but it is the sum of 27 country emissions.
gases), generically called Greenhouse Gases (GHGS) [5], Among these top economies, the European Union's GHG
[6]. The concentration of GHGs in the atmosphere is also emissions have had the most significant decrease, being
increasing due to deforestation and agricultural 33.9% lower in 2023 than in 1990. For the same period,
activities. This parameter has increased steadily in the GHG emissions decreased only 4.0% in the U.S.A and
20th century [7]. 12.8% in Russia; but contrary, GHG emissions have
The Paris Agreement aimed to combat global increased about 311.2% in China and 199.0% in India
climate change by limiting the increase limit temperature [15]. Increased GHG emissions have led to an increase
increase below 2 degrees Celsius, preferably to 1.5 in the average global temperature which in 2024 was
degrees above pre-industrial levels [8]. 1.55 °C higher than the average temperature in the last
Most countries around the world have important 50 years of the 19th century [16], [17].
strategies for planning actions to limit climate change. Romania’s Long-term Strategy for reducing
Approximately 140 countries, which are responsible for greenhouse gas emissions sets forth the objective of
about 88% of current global greenhouse gas emissions, attaining a 55% reduction in net emissions by 2030 and a
have jointly agreed to set a national target date by which 99% reduction by 2050, relative to 1990 levels, thereby
they will become net zero emitters [9]. In this context, achieving climate neutrality [18]. This strategic objective
the European Union has set a target for 2030 of reducing ensures Romania’s compliance with the commitments
greenhouse gases by 55%, with the ultimate objective of undertaken at the level of the European Union in the
achieving climate neutrality by 2050 [10]. field of environmental sustainability and climate change
Despite international climate agreements, global mitigation. The present study emphasizes the specific
greenhouse gas emissions continue to rise, increasing the characteristics of greenhouse gas emission trends in
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Romania between 1970 and 2023, and provides an
assessment of the likelihood of achieving the envisaged
targets.

2. MATERIALS AND METHODS

There international  organizations
monitoring information on GHG parameters, in
collaborations  with  national/independent  agencies
acquiring environmental data.[19], [20], [21]

The aim of this paper is to use existing published
data in order to illustrate the history of Romania's GHG
emissions in different areas of human economic activity.

The present study uses data from “The Emissions
Database for Global Atmospheric Research” (EDGAR)
which provides GHG emissions time series for every
country and for all anthropogenic sectors [7], to perform
analyses and produce figures aimed at identifying the
trend of the main GHG in Romania.

Inspecting original EDGAR data, it has been
collected the annual values between 1970 and 2023 of
the parameters CO,, CH,;, N,O and F-gases emissions,
generated by diverse activities grouped in eight type of
anthropogenic sectors: power industry (power and heat
generation plants, public and auto-producers), industrial
combustion (combustion for industrial manufacturing),
transport (road and rail transport, domestic aviation,
domestic shipping and inland waterway transport,
international shipping and aviation), processes (industrial
process emissions), buildings (small-scale non-industrial
stationary combustion), agriculture (aerobic fermentation
from waste livestock and manure management, soils
fertilisers, direct soil emissions and indirect NO
emissions from agriculture), waste (solid waste disposed
of on land, composted or incinerated, storage and
processing of hazardous solid waste, wastewater
management), fuel exploitation (fuel extraction,
transformation and refinery activities).

For each sector, will be comparatively analysed data
of the main three GHG parameters: CO,, CH,;, N,O.
Data for F-gases will be separately analysed. The
quantities GHG emissions are measured in MtCOyq
(Mega tones of CO, equivalent).

are  many

3. RESULTS AND DISCUSSION

First analysed parameter, total greenhouse gas
emissions is the sum of CO,, CH,; N,O and F-gas
emissions. The evolution of GHG emissions in Romania
has a main particularity: end of year 1989 was a crucial
moment in the history of the country, when the
democratic  revolution determined abolition of
communist state. After this event, the whole activities,
economic and social, suffered major transformations.
Figure 1 illustrates the evolution of GHG emissions in
Romania with a sharp increase from 1970 up to the late
1980s, and after the 1989 event" a decrease, with small
fluctuations. Thus, during the analysed time period,
GHG emissions decreased from a maximum of
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approximately 280 MtCO,, recorded in 1988 to a
minimum value of 105 MtCO, in 2023, which means a
reduction of over 62% (Figure 1).

Until 1990, GHG emissions were dominated by the
industrial combustion and the power industry sectors.
This trend reflects the structure of the socialist economy,
based on intensive industrial production and massive use
of fossil fuels. After 1990, with the onset of economic
transition, the sudden decrease in emissions is associated
with the collapse of heavy industry, the closure of
inefficient energy facilities, and the introduction of
environmental policies aligned with European directives.
Beyond this reduction, the sectoral structure shifted:
transport emissions increased steadily, becoming a major
contributor after 2000, reflecting the expansion of
mobility and fuel consumption. Agriculture, waste, and
industrial processes remained relatively stable sources
but gained greater shares due to the decline of energy
production related emissions. At present, the emissions
profile is more balanced, yet climate challenges persist,
requiring integrated measures for transport, agriculture,
and waste management.
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Figure 1 Total GHG emissions in Romania by activity
type

The following evaluations, made for each type of
activities mention above, are focused on the main three
categories of pollutant emissions CO,, CH,, N,O.

The activities of Power Industry mainly generate a
large quantity of CO, (Figure 2). The trends of CO, and
N,O are similar, but CH4 emissions is nearly constant in
the last 30 years. It can be seen the decreasing tendency
after 1992, mainly due to the policy to stop a lot of
power and heat generating plants based on coal,
petroleum and natural gases. The emissions of CH4 and
N,O have very low levels of COyq compared with CO,
direct emission. There is an increase in direct CO, and
CH, emissions from 1970 to 1992 by 93% and 144%
respectively.  Emissions  corresponding to 2023
represented 19% and 32% respectively of the maximum
recorded, and 37%, 78% compared to 1970. The
maximum of N,O emissions was recorded in 1989 at a
level of 266% compared to 1970, then decreasing
steadily to a value of 68% compared to the beginning of
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the monitored period or 25.5% compared to the
maximum value.
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Figure 2 GHG emissions from power industry

During period 1990-1995 there was a drastic
reduction of the industrial activities emitting large
quantities of GHG resulting from direct combustion. The
CO, direct emissions had a decrease from 80 MtCOyq to
17 MtCO,. After 1995 CO, had a slowly constant
decrease due to the reduction of high energy consumer
industrial activities, and the development of new
factories and plants based on technologies of combustion
which limit the spread of CO; in the environment (Figure
3).
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Figure 3 GHG emissions from industrial combustion

The emissions of CH,4 and N,O were at low, nearly
constant levels, between 1992 and 2010. After 2010
these emissions slowly increase, but the levels are
neglected compared with CO,. Direct CO, emissions in
2023 were at a level of 15% of the maximum recorded in
1989 or 28% if we compare to 1970. Although CH, and
N,O emissions decreased in 2023 to about 50% of their
recorded maximums, their values still represent increases
of 21% and 33% respectively compared to the beginning
of the time period analysed in this study.

The GHG emissions generated by various types of
transport activities constantly increased since 1990. This
trend is normal due to the rapid grow of transportation
all over the world, including Romania (Figure 4).
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Figure 4 GHG emissions from transport (1970-2023)

The quantities of CH, and N,O, expressed in COxq,
are small compared to the emissions from the sectors of
activity discussed previously, but they are important
pollutants of the air affecting the human health. For this
reason, there are constant, important preoccupations of
United Europe organizations to limit these poised
emissions from transport activities. For example, today
are in effect the EURO-6 normative applying to cars in
Europe. Romania aligned to this European policy,
starting limitations regarding very old cars, more
technical revisions for cars with emission rating lower
than EURO-4, financial facilities for acquisition of
hybrid and pure electric cars. Despite concerns about
limiting pollutants resulting from transport activities, in
the last 30 years there have been increases 2.4 times in
CO, emissions and 1.4 times in N,O emissions. For CH,
alone, emissions have been reduced by about 45%.
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Figure 5 GHG emissions from processes (1970-2023)

In the “processes” activities area, after 1990, pure
CO, emissions decreased by almost half, remaining at
levels between 5 MtCO,eq and 10 MtCO,q (Fig. 5). The
levels of CH, and N,O have a weak contribution to the
total quantitative CO, budget. However, the CH, trend
indirectly indicates the evolution of the process industry,
which, after a significant reduction between 1992 and
2000, started to increase towards a constant level at
present.
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The trends in greenhouse gas emissions from
buildings have a curious pattern, with a dramatic
decrease since 1987 (Figure 6). It is worth recalling that
in 1987, during the communist period in Romania, an
order was issued to rationalize the consumption of gas
and electricity by the domestic/civilian population. For
two years, people began to use liquid fuels on a large
scale for cooking and heating. After 2000, the natural
gas network was expanded, which allowed the
population to install more and more individual natural
gas thermal units for heating and hot water. After 1990,
solid fuels (coal, wood) were used less, so that direct
CO, emissions remained low, between 7 and 12
MtCOgeq. CH, emissions are low, approximately 1
MtCO,¢q, and N,O emissions are negligible, even though
they release slowly increasing quantities.
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Figure 6 GHG emissions from buildings

Direct CO, emissions from agriculture are low,
between 0.3 and 1.1 MtCOyq (Figure 7). The main
contributors to greenhouse gas levels from agriculture
are CH,4 and N,O. CH, has been steadily decreasing, but
N,O emissions are slowly increasing each year due to the
increasing use of nitrogen-based fertilizers.
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Figure 7 GHG emissions from agriculture

Direct CO, emissions from waste have very low
levels since 2008, about 0.005 MtCO, per year. But
between 1990 and 2005 this kind of emissions constantly
grew up due to the fact that huge quantities of waste
have been incinerated. This large-scale burning process
has been stopped since 2008. Emissions of N,O are
almost constant, about 8+9 MtCO,,, but from 2010
there is a slow decreasing trend, despite the natural trend
of increasing the quantity of waste due to economic
growth and increased consumption. The emissions of
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CH, have a minimum value in 1994, but since then, there
was an upward trend, the value in 2023 being more than
double value from 1994 (Figure 8). Capturing and
transforming this CH4 into biogas and then upgrading it
to biomethane for energy use is a crucial strategy to
prevent its release, turn it into a valuable renewable
energy source, and simultaneously mitigate climate
change. By not capturing and utilizing this methane, its
harmful potential is realized, and the opportunity to
generate clean energy is lost. This is a direction for
improving Romanian waste management policy.
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Figure 8 GHG emissions from waste

The amounts of N,O emissions from fuel
exploitation are very small compared to those of CO,
and CH,, but the trend is similar to that of CO,, this
characteristic being a particularity of oil and gas
transformation and refining activities (Figure 9). After
1990, fuel exploitation has consistently used processes
that generate less CO,. All three types of emissions show
a significant downward trend, also due to the fact that
significant quantities of fuel are processed outside the
country.
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Figure 9 GHG emissions from fuel exploitation

The emissions of F-gases have a high global
warming potential and are generated by all type of
processes (Figure 10). But the quantities of this GHG are
small in comparison with the other GHG gaseous
emissions.



Journal of Marine
Technology and Environment

DOI:10.53464/JMTE.02.2025.10

ISSN (Print): 1844-6116
ISSN (Online): 2501-8795
https://www. jmte.eu

MtCO2eq/yr
o = N w
(6] = o N (6] w (6]

1970 1990 2010 2030

Figure 10 F-Gases emissions

Due to the diversity of the sources generating F-
gases emissions in all sectors of activities, there are
complex variations in time, but the values mainly remain
between 1.5 — 3 MtCOyq per year.

4. CONCLUSIONS

The analysis of Romania’s greenhouse gas (GHG)
emissions over the 1970-2023 period reveals profound
structural transformations shaped by political, economic,
and technological shifts. Emissions peaked in the late
1980s, when industrial combustion and the power
industry dominated the national profile, reflecting the
energy-intensive nature of the socialist economy. The
post-1989 transition led to a dramatic reduction in
overall emissions, with levels in 2023 more than 62%
lower than the historical maximum. This decrease was
primarily associated with the collapse of heavy industry,
modernization of energy production, and gradual
integration of European Union environmental standards.

Nonetheless, while emissions from industry and the
power sector declined, transport, agriculture, and waste
became increasingly significant sources. Transport
emissions grew more than twofold due to rising
mobility, while agricultural N>O emissions remain
problematic because of fertilizer use. Methane from
waste management has also risen steadily, highlighting
the need for effective methane capture and valorisations
strategies. The persistence of these sectoral challenges
suggests that Romania’s future decarbonization efforts
must shift from industrial restructuring toward
comprehensive policies in mobility, sustainable farming,
and circular economy solutions.

Romania has aligned its objectives with EU targets,
committing to a 55% reduction in net emissions by 2030
and climate neutrality by 2050. Achieving these goals
will require accelerating renewable energy deployment,
promoting  low-carbon  transport,  incentivizing
sustainable agriculture, and implementing robust waste-
to-energy systems. While significant progress has been
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made, maintaining momentum and addressing emerging
sectoral challenges are crucial for Romania’s
contribution to global climate stability.
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