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Abstract: Renewable energies have an essential role in reducing various forms of pollution. The
policymakers within the European Union place more and more emphasis on the replacement of
internal combustion engine vehicles with electric vehicles in order to reduce emissions. The aim of
this research is to analyze the current trends in producing and using renewable energy until 2028
and to estimate the impact of replacing the current internal combustion engine cars with electric
cars. The significance of this study emerges from the estimation of the amount of electricity needed
to replace current cars with electric cars and if it can be covered from green sources, based on the
forecast of green energy until the year 2028. In addition, we also calculate in this study the impact
on the public budgets of the European Union member states, as a result of the reduction of excise
duties for fuels, following the reduction of their consumption. The research was carried out based
on the extensive literature on the subject and data from Eurostat. The data used in this study are
from 1990 to 2021. In this research we have used the IBM SPSS application with two of the most used
forecasting algorithms: exponential smoothing model and autoregressive integrated moving average
(ARIMA), based on the statistical analysis of the historical data. The estimated results showed that
the replacement of traditional fuels will lead to an increase of 12.18% for electrical energy, and it
could be covered 100% from green sources, if needed, even before 2028. There are many implications
of this study for policymakers and the population. The results show that we still need policies to
stimulate electricity production from renewable sources. There is a challenge regarding reducing
government revenue due to fuel excises, which can be compensated by updating tax policies, with an
impact on population and living standards. Furthermore, maintaining and adapting support schemes
for electric cars, as well as expanding electric car infrastructure and smart grids are also challenges
that need to be addressed by the policymakers and the industry.

Keywords: renewable energy sources; electric cars; energy sector; electricity

1. Introduction

There is a large debate nowadays within the European Union regarding electricity
produced from renewable energy sources [1,2]. The European Union is among the world’s
leading climate leaders, given the goal of achieving climate neutrality by 2050 [3]. The poli-
cymakers within the European Union place more and more emphasis on the replacement
of internal combustion engine vehicles with electric vehicles, in order to reduce emissions.
The achievement of this goal is questionable due to the current economic, political, and
security context. We will explain this context in the paragraphs below.

After the start of the war in Ukraine on 24 February 2022, the expectation of economic
development has fallen sharply from previous estimates, and inflationary pressures have
intensified [4]. The European Union and the entire world now have to face a mixture of
crises: the natural disasters crisis, the economic crisis, and the energy crisis. The degree
of uncertainty about macroeconomic developments has significantly increased, due to
the ongoing war in Ukraine and the possible multiple implications of the energy crisis.
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Moreover, the security of the electricity supply is threatened by a wide range of factors—
technical, economic, and political—in the context of climate impacts, energy transition,
digital economy, COVID-19 pandemic, and conflict impacts on society, productivity, and
economic growth [5-7].

The European Union is among the most vulnerable regions in the world in terms of
energy security because of the high energy import dependency and insufficiency of energy
reserves that lead to an important gap between energy production and consumption [8].
Energy and electrical utilities are among the critical infrastructures that are essential to the
proper functioning of any economy. Thus, the protection of critical infrastructure has to
be further developed even in the most developed countries in terms of cyber security (i.e.,
France, Estonia, and Lithuania) [9]. Therefore, the energy security crisis in Europe and the
global climate crisis are currently the main concerns of t policymakers [6]. Nevertheless,
the measures to ensure energy security must not lose sight of the objective of energy
transition [4]. Today, energy security becomes the leading incentive for governments to
initiate programs to increase the use of electric vehicles [10]. Electrification and biofuel
development are complementary approaches that would represent the best way to reach
the objectives of the European Green Deal [11]. The huge development and technological
advances of hybrid cars and electric vehicles will increase the need for electricity in the
near future. A new energy economy is coming into view, and it will be more electrified,
efficient, interconnected, and clean [3].

The circular economy is an open issue nowadays, intensely debated, which aims at
eliminating waste, and pollution, and reducing the use of resources of all types [12]. The
transition from a linear to a circular economy entails various processes of circular innova-
tions, in order to overcome the limitations of the traditional linear economic paradigm [13].
This transition involves new ways of thinking, new models of production and consumption,
with minimization of raw materials and waste, an extension of the life cycle of products
(through repair, reuse, and recycling), and efficient use of resources. An important part of
the transition towards the circular economy is the energy sector, and the shift from fuel
consumption to clean energy will improve the circular loop of the transport sector [12].
Onshore wind and photovoltaic renewable energy will be the main sources contributing to
the reduction of carbon emissions in the European Union, provided that they will replace
most gas and coal-fired power plants [3]. In this context, accelerating the transition to clean
energy is one of the biggest opportunities to cope with the energy crisis. Increasing the
production of electricity from renewable sources will have multiple positive effects, such as
reducing both the use of fossil fuels and prices in the energy market. Furthermore, one key
solution to integrate energy efficiency and renewable energy in cities is the development of
modern district energy systems [14]. To achieve these goals, national governments and the
European Union should focus on financing renewable energy, energy efficiency, and new
technologies [15].

Electric vehicles can provide climate benefits, thus having in mind the new climate
objectives of the European Union, car producers must develop more innovations for their
engines [11]. Electric vehicles together with renewable energy sources for producing the
electricity needed by these offer the potential to reduce the environmental impacts, both
in terms of emissions and fossil fuel depletion [16]. Furthermore, in 2050 scenarios, the
environmental impact of electric vehicles is decreasing in most European Union countries,
because of the reduction of fossil fuel share for electricity generation [17]. According to
a long-term forecast based on the electric vehicle inventory in 26 countries across five
continents, that used a logistic growth model, 30% of the worldwide passenger vehicle fleet
will be electric vehicles in 2032 [18].

Moreover, many authors have used life cycle assessment in order to assess the energy
and environmental impact of different types of vehicles. For example, ref. [19] analyzed the
environmental impact of diesel and petrol vehicles, plug-in hybrid vehicles, and electric
vehicles in Hong Kong. The results showed that electric vehicles are the optimal choice
with the 2050 electricity mix, in which 85% is from renewable energy sources, followed by
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plug-in hybrid vehicles, in terms of the lower environmental impact [19]. Another study
assessed the emissions impact of internal combustion engine vehicles and electric vehicles
by taking into account the entire life cycle of vehicles, and the results revealed that electric
vehicles emit more PM; 5 and SO, but less CO,, VOCs, and NOx than internal combustion
engine vehicles [20]. The greenhouse gas emission reduction potential of electric vehicles
can be improved by adjusting the electricity mix, advancing electricity production tech-
nologies, and increasing the combined heat and power scale [21]. Another comparative
environmental impact assessment of electric vehicles carried out in the top 10 countries
for electric vehicle sales showed that the environmental impact of electric vehicles may be
reduced by integrating renewable energy sources into electricity production [22].

In order to achieve the goal of increasing the use of electric vehicles, governments must
invest in large-scale renewable energy sources [18]. Some incentives could be further used
by policymakers in order to support widespread vehicle electrification [23]. In addition, it
will be particularly important to design support policies for the development of electric
vehicles purchase, as well as infrastructure investments to facilitate equity in access to the
electric vehicle charge points.

The objective of this study is to analyze the economic and energy impact of renewable
electricity in the context of increasing the share of electric cars within the European Union.
This research estimates the amount of electricity needed to replace internal combustion
engine vehicles with electric vehicles, and also estimates the growth of green energy in the
forecasted period of seven years, in order to analyze if the energy needed for the migration
to electric vehicles can be covered by the increase of electricity generated from green sources.
Furthermore, the paper investigates the impact of the replacement of internal combustion
engine vehicles with electric vehicles on national government budgets, taking into account
the reduction of fuel excises.

Therefore, the research was conducted on two levels:

1.  Energy level, with three research directions (questions):

a.  Analyzing the current trends in producing and using renewable electricity
within the EU

b.  Estimating the amount of electricity needed to replace current internal combus-
tion engine vehicles with electric vehicles

c. Evaluating the potential of renewable electricity to replace the current oil-based
fuels;

2. Economic level, with one research direction (question):

a.  Estimating the impact of replacing the current internal combustion engine cars
with electric cars on the public budgets of the European Union member states.

The significance of this study emerges from the estimation of the amount of electricity
needed to replace current cars with electric cars and if it can be covered from green sources,
based on the forecast of green energy until the year 2028. In addition, we also calculate
in this study the impact on the public budgets of the European Union member states,
as a result of the reduction of excise duties for fuels, following the reduction of their
consumption.

A mix of two of the most used forecasting algorithms: the exponential smoothing
model and the autoregressive integrated moving average (ARIMA) model was applied
in order to carry out the first part of the research. In the second part of this study, we
have used available data in order to estimate the impact of replacing the current internal
combustion engine cars with electric cars.

Our study is different from other studies in the literature because it uses a different
technique to estimate the amount of electrical energy required by the transition to electric
cars, based on the existing fuel consumption in EU countries, and it tries to put together
the electric and the economic challenges.

This paper makes several important contributions to our knowledge in this area: to
have a better understanding of the trend of renewable energies, what could be reached in
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the next years, whether the transition to electric cars could be easy or tough and whether
it could be a real benefit for our climate (in case we could use green energy for them).
Otherwise, in case we have to supply them with electrical energy produced from fossil
fuel there is almost no gain. Besides this, the research tries to give a view of what this shift
to electric cars means for countries” budgets, in order to be prepared to adjust the fiscal
policies and legislation.

2. Literature Review

Electricity is the fastest growing source of final energy demand [24], and its share of
the world’s final consumption of energy reached 20% in 2021 and is planned to increase by
2040 (Figure 1) [3,25].

100%
80%
60%
40%

20%

0%
2000 2005 2010 2015 2018 2025 2030 2035 2040

M Electricity m Coal M Bioenergy Heat

M Hydrogen M Natural gas m Oil B Other renewables

Figure 1. Share of global final energy consumption by fuel in the Sustainable Development Scenario,
20002040 [25].

The electricity system, along with the electrification of the transport sector, could make
a major contribution to the achievement of the objective to decarbonize national energy
systems [11,26]. The transition to renewable electricity can lead to higher productivity, and
thus, it can positively affect economic growth, especially in highly developed countries,
considering GDP/capita. Less developed countries may have possible adverse effects
on economic growth when investing in renewable electricity [7]. The imperative role of
developing electricity is defined by its socio-economic impacts, and today people’s lives
and well-being depend on the use of electricity [27].

Renewable electricity has an important contribution to decarbonizing the energy sector.
However, electrical power plants based on renewable energy sources have environmental
impacts which can be minimized by careful selection of renewable energy sources for
electricity production and the method of their utilization [28].

Renewable energy sources generated 28.3% of global electricity in 2021, up from
20.4% in 2011 (as seen in Figure 2) and similar to the 2020 level of 28.5% [29]. The total
installed renewable power capacity grew by 11% in 2021, even though this is far from the
development needed for the world to reach net zero emissions by 2050 [29].
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Figure 2. Share of renewable electricity in 2011 and 2021 [29].

The economic and energy contexts within the European Union were marked by
the steep rise in prices for energy products, with negative effects on companies and the
population, in terms of reliability and affordability of electricity starting in the second
half of 2021. Some recent studies have focused on topics of equity in domestic electricity
tariffs, but the economic costs of using renewable electricity in residential areas still remain
unintelligible for many people [30]. The increase in energy prices was mainly due to the
resumption of demand for these products following the easing of restrictions related to the
COVID-19 pandemic, some blockages in their production, and a significant increase in the
price of carbon [4].

In this context, policymakers appealed to individuals and companies to reduce electric-
ity consumption. This pro-environmental behavior of individuals and companies includes
some practical ways to reduce electricity consumption, such as: turning off lights and
air conditioning when leaving home or the office and replacing old technologies with
high electricity consumption with new technologies with low electricity consumption [31].
This energy-saving behavior has been recommended more and more in European Union
countries in the context of the current crises. The senior management of companies has an
important role to play in this endeavor [32]. However, buying energy-efficient products
and enhancing efficient energy use is not enough to reduce energy consumption over long
periods of time [32].

Renewable energies play an essential role in reducing greenhouse gas emissions and
other forms of pollution and, Europe as a world leader, must adopt this alternative source
of energy. In order to stimulate the growth of renewable energies in gross final energy
consumption, the European Union supported the adoption and application of certain
national targets, which were politically accepted [33-36].

We note that globally, humanity is consuming more energy than it can produce. More-
over, if we are making an indicative calculation, we find that in the past 40 years, fuel con-
sumption has doubled, which would lead to resource depletion in the next 30-50 years [37].
Therefore, the use of renewable energy and the use of innovative technologies to protect
and preserve the environment are policies that may lead to sustainable development,
ensuring the welfare and superior living standards for future generations. Moreover, gen-
erating electricity from local renewable energy sources could empower underprivileged
communities, because they would have access to electricity and energy independence
at the same time [38].

People’s well-being depends on the transition to modern energy services (electricity,
lighting, heating, water provision, sanitation, healthcare, cooking, transport, internet and
communication services, etc.), and these could be provided using local renewable energy
sources. The main arguments that support this statement are related to the variety and
large distribution of renewable sources, price reductions for the technologies that convert
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them into electricity, reduced payback periods, as well as their environmentally-friendly
character [37,39-41]. Nevertheless, there are some counterarguments, such as the dispersion
and intermittency of renewable sources (however, these can be anticipated, managed, and
even lessened), the implementation of public policies, ethical behavior of the managers and
policymakers, legislative changes, infrastructure, etc. [37,42—49].

The European Union has set ambitious energy and climate objectives, the cutting of
greenhouse gas emissions by at least 55% by 2030 as compared to 1990, and becoming
a climate-neutral continent by 2050 [50]. Furthermore, in order to accelerate the deploy-
ment of renewable energy in the context of economic and energy crises, the European
Commission has modified the targets in the last three years (Figure 3).

45% REPowerEU Plan (2

20% Target setin 2009

2020 2030
Figure 3. Evolution of renewable energy targets in European Union [50].

Electric vehicles are a promising contribution to reaching the European Union objec-
tives [51], but they will lead to an increase in consumption which may affect the national
grid stability. According to a long-term forecast based on the electric vehicle inventory
in 26 countries across five continents, using a logistic growth model, 30% of the world-
wide passenger vehicle fleet will be electric vehicles in 2032 [18]. Moreover, the world has
faced recent episodes of extreme weather conditions (such as floods, droughts, extreme
storms, and wildfires) that may become more frequent in the future, and this may disturb
the balance between the production and the consumption of electricity from renewable
sources [52]. Therefore, the interdependencies and synergies between the electricity sys-
tem and other sectors and the connections between national and international electricity
systems became urgent issues to be addressed by policymakers [26].

Conventional gasoline or diesel engines struggle with low-carbon technologies. One
solution that could compete with current engine solutions is the full-hybrid architecture.
Plug-in hybrid electric vehicles driven in electric mode are found to be the ideal solution,
due to the limited size of their batteries, which is well-suited for the day-to-day use of
these vehicles. Battery electric vehicles are effective solutions for reducing greenhouse
gas emissions. However, there is a current trend of increasing the battery size in order to
improve the range of electric vehicles, but this is unfavorable to greenhouse gas impacts.
Significant greenhouse gas emission benefits could also be reached by using biofuels, taking
into account that vehicle engines can already accommodate up to 85% ethanol or 100%
biodiesel without engine changes [11].

There may be huge differences between countries regarding the development of elec-
tric vehicles, and these can be the result of the differences regarding support policies [18].
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There are many methods, tools, and models used in the literature to forecast electric
vehicle market development. For instance, in order to forecast the development trend of
vehicle types, currently, different methods can be used: total cost of ownership, time series,
agent-based model (ABM), bass diffusion model (BASS), and scenario analysis [53]. Some
authors have used the S-Curve Adoption Tool for Electric Vehicles (SCATE) to forecast the
future proportion of electric vehicles within the Counties of England [54]. They emphasized
that the S-Curve data can be further used to estimate future electric vehicle energy consump-
tion in a county, to analyze regional future demand for electric charge points, and to plan
the development of the infrastructure [54]. As well, the Lotka-Volterra model can be used
to estimate the size of the passenger car market in the next 30 years and the proportion of
passenger cars divided by power source [53]. Moreover, a “Well-to-Wheel” tool can be used
to compare emissions generated by two fleets: one that is based on internal combustion
engine vehicles and one that is based on different electric vehicle penetration levels. Using
this methodology, an iterative process is developed on the contribution of renewable energy
sources to the electricity generation system until a certain level of emissions reduction is
achieved [55].

Considering the targets of the European Union and the issues described above, we
will further analyze the economic and energy impact of renewable electricity in the context
of increasing the share of electric cars within the European Union.

3. Materials and Methods

The renewable electricity produced in EU27 between 1990-2021 is represented by
four main types (Table 1):

(1) Hydro
(2) Wind
(3) Solar

(4) Other renewables including bioenergy
This study wants to respond to several questions:

- What is the trend of renewable energies in the EU and what can be achieved by 2028?

- How much electrical energy is needed to replace current cars with electric cars?

- Could this energy be obtained from green sources?

- What would be the impact of this change on EU countries” income from petrol and
diesel excises?

The first step of the analysis was to carry out a statistical characterization of the time
series from Table 1. Based on these results, the forecast algorithms to be further used were
selected. This is the left part of the graphical research scheme, presented in Figure 4.

The result of this step is an estimation of how much renewable electricity can be
produced yearly in the EU until 2028.

The second step, represented by the right part of Figure 4, will determine how much
electricity is required to replace existing cars with electric cars. For this, the starting point is
the current petrol consumption in EU countries, because most of it is used by petrol cars.
Taking into consideration the EUROSTAT petrol/diesel cars ratio, we will determine the
total fuel consumption of diesel cars and from there, the total equivalent electricity required
to replace cars that use fossil fuels.

The third step (bottom part of Figure 4) will analyze the previous results from 2 differ-
ent perspectives: energy and economics.
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Table 1. Renewable electricity produced in EU27 in TWh [56,57].

Year Hydro Wind Solar Other Renewables Total
1990 301.5195 0.7705 0.0115 17.3430 319.6445
1991 315.5768 0.9710 0.0135 17.8698 334.4311
1992 329.2158 1.5020 0.0221 18.7209 349.4608
1993 335.1718 2.0674 0.0284 20.5868 357.8544
1994 344.2566 2.6346 0.0297 21.3220 368.2430
1995 346.6471 3.4705 0.0388 23.4366 373.5929
1996 350.5395 4.3390 0.0408 23.3871 378.3064
1997 353.6132 6.6259 0.0499 27.9160 388.2051
1998 367.4733 10.2874 0.0591 30.9709 408.7908
1999 367.2469 13.3530 0.0692 31.6421 412.3112
2000 379.1029 21.4226 0.0572 34.4540 435.0367
2001 401.9984 25.8486 0.1738 37.5481 465.5689
2002 345.6815 35.0665 0.2912 43.0938 4241330
2003 335.7214 43.2969 0.4411 49.0716 428.5310
2004 355.2682 57.5040 0.7224 58.5947 472.0893
2005 340.5470 68.1063 1.4766 66.7623 476.8922
2006 342.7094 78.7095 2.5264 75.9177 499.8631
2007 338.8918 99.9123 3.8266 84.6918 527.3225
2008 354.8763 113.2300 7.5265 94.2254 569.8583
2009 357.6626 124.3197 14.2410 103.1748 599.3981
2010 401.2794 139.2597 23.3477 117.3570 681.2439
2011 332.8492 164.5123 46.6411 125.2723 669.2749
2012 359.5532 187.3884 70.2163 139.5604 756.7184
2013 396.6519 209.5217 83.4164 146.5854 836.1754
2014 398.6117 220.7715 91.9333 152.7763 864.0927
2015 363.2407 263.1045 98.8284 157.9100 883.0836
2016 372.7115 266.7841 99.0203 159.7005 898.2164
2017 322.4639 312.2943 105.8617 162.6998 903.3198
2018 370.2343 320.6057 112.5046 164.3521 967.6968
2019 345.6435 364.3421 123.2669 168.3245 1001.5771
2020 374.5344 397.3034 143.2808 170.0192 1085.1378
2021 344.3512 389.4972 160.6203 180.0787 1074.5474

In the next section, we have analyzed and tried to estimate the trend and nominal
values of these four categories of renewable energies, for the next period, until 2028. In
order to conduct this part of the research, we have applied two of the most used forecasting
algorithms with their variations:

e Exponential smoothing model (Simple, Holt’s linear trend, Brown’s linear trend,
Damped trend).
e  Autoregressive integrated moving average (ARIMA) model.

While exponential smoothing models are based on a description of the trend and

seasonality in the data, ARIMA models aim to describe the autocorrelations in the data.
The model was chosen based on the statistical analysis of the historical data.
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Exponential smoothing [58,59] is a smoothing technique used for time series. Generally,
it is applied to determine future values based on historical values.

Petrol/diesel
cars ratio

Historical data Current petrol

about renewable consumption

energies

Current car diesel
consumption

Forecast: renewable Equivalent

electricity up to 2028 electricity

Economic and energetic

analysis, results, conclusions

Figure 4. The research model.
A simple form of exponential smoothing is represented by formula [60]:
sp=oax;+ (1 —a)s;1 =541 +a(x —si-1) (1)

where

- « is a smoothing factorand 0 < a <1
- stis a weighted average of the current observation x; and the previous statistics s;_1

In case there are at least two existing values, exponential smoothing can produce a
smoothed statistic.

The second used algorithm is ARIMA with 2 flavors of it: (0, 1, 0), named “ran-
dom walk” and (0, 0, 0), named “white noise”. ARIMA models can be applied for non-
stationarity data. ARIMA(O, 1, 0) formula is [60]:

Yr = u+ Y1 ()

where Y is the series and the autoregressive coefficient is 1.

In this research, 6 algorithms from the previous 2 categories were tested. The selected
forecast algorithms had the best fit for the analyzed data, based on R-squared. For each se-
ries, from Table 1, we chose the technique with the highest R-squared. IBM SPSS application
was used to implement the selected algorithms on the existing time series.

4. Results
4.1. Analysis of the Current Trends in Producing and Using Renewable Electricity
After the statistical analysis of the time series from Table 1, we observed that the data

are homogenous and nonseasonal. The R squared for each of these three series is presented
in Table 2.
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Table 2. R-squared and applied model. Source: own elaborations.

Series Hydro Wind Solar Other Renewables
R-squared N/A 0.995 0.993 0.998
Forecasting model ARIMA Exponential smoothing Exponential smoothing Exponential smoothing

TWh
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20
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0

SR A S N N R )
N O S P P S &S
AN S S T S SR S S

The modeling algorithms presented before were applied to the time series from Table 1.
The results of the predictions are presented in Table 3 and Figure 5.

Table 3. Forecast-renewable electricity produced in EU27 in TWh. Source: own elaborations.

Year Hydro Wind Solar Other Renewables Total

2022 330.1959 434.3775 177.9599 185.5556 1128.0890
2023 330.1959 457.5404 195.2995 193.1911 1176.2270
2024 330.1959 480.7032 212.6391 200.8265 1224.3649
2025 330.1959 503.8661 229.9787 208.4620 1272.5028
2026 330.1959 527.0290 247.3183 216.0974 1320.6407
2027 330.1959 550.1918 264.6580 223.7328 1368.7786
2028 330.1959 573.3547 281.9976 231.3683 1416.9165

B Produced M Estimated

Figure 5. Renewable electricity forecast. Source: own elaborations.

The results show that for wind, solar and other renewables including bioenergy, we
have a good prediction with a higher confidence level. In the case of electricity from
hydro sources, the algorithm that fitted best was ARIMA (0, 0, 0) and the prediction is
estimated to be the average of existing data because there is not a clear trend. Observing
the hydroelectricity production distribution data, it looks like all values are homogeneously
distributed between 300 and 400 TWh, with an average of 354.55 TWh. The standard
deviation of them was calculated and is 24.36TWh and it was used to adjust the average.

The total hydropower installed in EU countries has been pretty much constant in
the last three decades. This is because of its environmental impact, even if it is green
energy. There are several pieces of EU legislation that address the environmental impacts of
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hydropower, which include changes that can affect wildlife and river morphology, causing
a fragmentation of the river system. The year-by-year fluctuations are mainly because of
weather (the amount of precipitation). This is the reason that ARIMA algorithm estimations
are constant with a value around the average. In our study, we decided to decrease the
estimated value with the standard deviation value to avoid further use of a value with a
lower probability but to analyze what would happen in a pessimistic case. So, most likely,
in real life, the results for the next years could be even better.

In Table 3 and in the following part we have used the pessimistic estimation to avoid
making conclusions based on an optimistic vision that could be less likely to happen. The
resulting value is 330.19TWh and can be found in the Hydro column in Table 3.

Based on the current forecast modeling results, analyzing data from Tables 1 and 3,
the results show that the additional renewable electricity added to the power grid in 2028
would be 342.36 TWh in a pessimistic scenario and 366.73 TWh in an optimistic case. Even
continuing the analysis using the pessimistic value, it looks like the growth of renewable
electricity production represents an important amount that allows governments to reduce
the other non-green sources of electricity and thus increase the share of renewables.

Table 4 presents a comparison between the current share (2021) of renewable electricity
of the total energies consumed and an estimation of this share in 2028 taking into consider-
ation the median values of the forecast. It is important to mention that these percentages
are calculated in the hypothesis that the rest of the energy sources will be used in the same
amount as in 2021. This offers flexibility about how much non-green energy is needed to be
produced.

Table 4. Growing estimate for renewable energies. Source: own elaborations.

Year Electricity from Electricity from Electricity from Other Renewable  Total Renewable
Hydro Share Wind Share Solar Share Electricity Share Electricity Share

2021 8.80% 9.96% 4.11% 4.60% 27.47%

2028 7.17% 12.48% 6.14% 5.04% 30.83%

As we highlighted above, the total installed hydropower also looks to be almost
constant over the last three decades, with production fluctuating between 300 and 400 TWh,
depending on weather conditions. At the same time, wind and solar electricity experienced
a big growth starting from almost nothing in 1990 to exceeding hydro in the case of wind
and to half of hydro in the case of solar electricity (Table 1). Other renewable sources (no
hydro, wind, or solar) also had a 10 times higher growth in the same period of time. This is
why the total share of hydro is predicted to decrease in the next years, from 8.80% to 7.17%.
All other renewable electricity sources, except hydro, will increase their share until 2028.

4.2. The Impact of Migration to Electric Cars

In the last couple of years, the number of electric cars on the roads was significantly
higher. For instance, there were almost 20 million passenger electric vehicles in 2021, over
1.3 million commercial electric vehicles (including buses, delivery vans, and trucks), and
over 280 million electric mopeds, scooters, motorcycles, and three-wheelers on the road
globally [61]. Moreover, electric vehicle model availability has increased tremendously
from 2015 to 2021 (Figure 6) [62]. Different electric vehicle models are available nowadays,
and their diversification is still increasing. For instance, the number of available electric
vehicle models has increased by more than 15% in 2021 as compared to 2020 and has
reached 450 models [62].
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Figure 6. Status and evolution of electric vehicle model availability 2015-2021 [62].

On one hand, the number of electric cars on the roads was significantly higher, and, on
the other hand, the number of electric car models available on the market increased rapidly.
These realities lead us to the conclusion that people are willing and eager to buy electric
cars and have a greater variety of electric car models to choose from. Electric engines are
also more efficient than internal combustion engines, and the fuel costs are lower in the
case of electric cars as compared to internal combustion engine cars [63,64]. This will lead
to an increasing replacement of current internal combustion engine cars with electric cars
in the next years.

The driving range of electric vehicles remains an important concern for consumers,
even though the average range has increased over the years (Figure 7), both for battery
electric vehicles (BEV) and plug-in hybrid vehicles (PHEV). The producers of electric
vehicles usually aim for longer ranges to boost sales. However, increasing the driving
range typically implies larger batteries, increased resource needs, and higher prices. As
fast charging will become more widely available, the driving range of electric vehicles will
probably reach a plateau [62].
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Figure 7. Evolution of average driving range electric vehicle by powertrain 2010-2021 [62].
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An important concern about growing the number of electric cars is how much pressure
will be added to the current power grid and how much more energy would be needed.
Below there is an analysis and an estimation regarding this issue.

Taking into consideration the regular consumption of a common gasoline engine,
a comparable diesel, and an electric engine (Table 5), a conversion factor between them
can be estimated. In this table, we have used an average consumption advertised by the
manufacturers of compact cars with similar engine power, but using different fuels (fossil
fuels or electricity). We have used it because this consumption is measured in the same
way in a controlled environment by all manufacturers, to allow customers to compare the
consumption of different cars. Analyzing the number of diesel and petrol cars registered
in the EU27 (except Bulgaria, Greece, Ireland, and Slovakia, because there are no data for
them) it can be seen that the ratio is 45% diesel and 55% petrol. In EUROSTAT we have
available data regarding motor petrol and diesel consumption. In the case of petrol, it is
mostly used by cars, whereas in the case of diesel, there are many more consumers (trucks,
buses, industrial reshipments, agriculture machinery, cargo ships and so on). Using the
previous percentage distribution and the average diesel engine consumption, the diesel
used by passenger cars can be determined.

Table 5. Fuel consumption and equivalence in GWh for different engine types.

Fuel Consumption in

Conversion Factor to Equivalent Electricity

Engine Type  Consumption per 100 km Electric Engine (kWh/L) EU *in 2021 Consumption (GWh)
(Thousand Tons)
Petrol 6L 2.5kWh/L 68,934.952 172,337.380
Diesel 5L 3kWh/L 47,001.103 141,003.310
Electric 15 kWh n/a n/a n/a

* EU27 countries except Bulgaria, Greece, Ireland, and Slovakia.

In a theoretical hypothesis that all current cars will be replaced in the future by
electrical cars, the amount of electrical energy required by this change was computed and
is shown in the last column of Table 5. The total equivalent electricity consumption is
313.34 TWh. Comparing this value with the total energy available for consumption in
EU27, 2571 TWh (in 2021), we may conclude that the extra load on the power grid would
be around 12.18%. The result is similar to that reported by others [65]. This would be the
maximum extra load of the power grid in the case of all current cars being replaced by
electric cars, but this is not expected to be in place before 2045 or even later, taking into
account that the lifetime of a car is around 15 years and that until 2030, this type of car will
still be sold.

In light of the result obtained in the previous paragraph, where we have estimated the
amount of electricity that will be obtained in 2028 from renewable sources, 342.36 TWh, it
looks like the electrical energy required by electric cars could be covered 100% from these
kinds of green sources. A detailed green electricity forecast to be added year by year can be
observed in Figure 8. This reveals that this amount of required electricity can be covered
even earlier, in 2027.

This will have an important impact on EU countries in multiple directions:

Carbon footprint;

Ecological impact;

Energy independence of EU.

Whether this turns out not to be an issue for the power grid, this migration to electric
cars could still be an issue for EU governments because the fuel tax is an important revenue
source. The next paragraph will tackle this topic to estimate the impact of tax revenue.

Among EU countries, there are different taxes added to petrol or diesel, presented in
Figure 9.
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Figure 9. Excise duties in EU countries. Source: own elaboration. Data from [66,67].

Based on these duties’ values per ton, in Table 6 we have calculated the total amount
of petrol and diesel excise revenue per each country. In the 3rd column, we have estimated
the total quantity of diesel fuel used by cars per each EU country, starting from the total
petrol used and the petrol/diesel car ratio in that country. In columns 4 and 5, we have
calculated the total amount of taxes (excluding VAT) for petrol and diesel. The last column
is the sum of columns 4 and 5, which helps us to gain a consolidated view of car fuel taxes
for each country.
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Table 6.

Fuel consumption in 2021 and corresponding taxes. Source: own elaborations.

Diesel (Tons)

Petrol Taxes

Diesel Taxes

Total Taxes

Country Petrol [50] (Tons) Estimated (Excluding VAT) (Excluding VAT) (Excluding VAT)
EUR EUR EUR
Austria 1,440,356 1,412,853 694,251,592 535,471,444 1,229,723,036
Belgium 2,020,500 1,536,652 1,212,300,000 671,516,995 1,883,816,995
Bulgaria 533,136 n/a 193,528,368 n/a 193,528,368
Croatia 445,262 467,272 229,309,930 191,581,647 420,891,577
Cyprus 299,160 65,207 128,339,640 23,996,200 152,335,840
Czech Republic 1,516,000 823,925 768,612,000 327,098,281 1,095,710,281
Denmark 1,316,000 467,300 843,556,000 219,630,836 1,063,186,836
Estonia 207,000 113,151 116,541,000 47,184,004 163,725,004
Finland 1,481,000 423,161 1,067,801,000 251,357,587 1,319,158,587
France 9,148,102 10,165,353 6,248,153,666 5,367,306,486 11,615,460,152
Germany 19,215,000 7,364,458 12,585,825,000 3,483,388,408 16,069,213,408
Greece 2,033,938 n/a 1,423,756,600 n/a 1,423,756,600
Hungary 1,515,000 587,645 525,705,000 187,458,703 713,163,703
Ireland 598,476 n/a 381,229,212 n/a 381,229,212
Italy 7,237,883 5,432,539 5,269,178,824 3,259,523,352 8,528,702,176
Latvia 169,472 283,138 86,261,248 113,255,190 199,516,438
Lithuania 253,200 548,572 117,991,200 204,068,693 322,059,893
Luxembourg 336,300 312,558 177,230,100 129,399,022 306,629,122
Malta 75,872 28,397 27,238,048 9,370,923 36,608,971
Netherlands 3,819,644 455,767 3,147,386,656 281,208,104 3,428,594,760
Poland 4,876,921 2,349,662 1,750,814,639 775,388,507 2,526,203,146
Portugal 963,205 1,054,995 643,420,940 520,112,369 1,163,533,309
Romania 1,401,000 1,057,859 536,583,000 371,308,674 907,891,674
Slovakia 553,011 n/a 284,247,654 n/a 284,247,654
Slovenia 368,680 310,508 164,062,600 115,509,021 279,571,621
Spain 5,188,251 5,026,995 2,614,878,504 1,975,608,927 4,590,487 431
Sweden 1,922,583 926,753 1,291,975,776 475,424,059 1,767,399,835
EU27 68,934,952 41,214,719 42,530,178,197 19,536,167,431 62,066,345,628

The amounts are important and they should be addressed by updating the tax poli-
cies to avoid pressure on highway budgets. Taking Romania as an example, this rev-
enue equals 0.375% of its current GDP (2021) [68]. In EU27, the total taxes (excluding
VAT) will be 62 billion Euros, of which Germany and France will have the highest amounts,
16 billion Euros, and 11.6 billion Euros, respectively, followed by Italy, with 8.5 billion Euros,
and then big drop to Spain, with 4.5 billion Euros. In general, at the level of each country
analyzed, the total petrol taxes excluding VAT are much higher than diesel taxes excluding
VAT.

On the other hand, this would mean that we have almost no petrol or diesel consumed
by passenger cars and this would have a huge positive impact on climate change. This will
be an important step to obtain the energy independence that is crucial in the context of the
current world energy crisis and the Ukrainian conflict.
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This reduction in the use of petrol and diesel will decrease the overall oil demand and
will help the governments in their efforts to:

e  Keep the energy prices under control
e  Reduce their energy expenses.

5. Discussion and Conclusions

Analyzing the above issues, we may conclude by asserting that renewable energies
seem to be the future for the EU and for our planet. We have to accelerate the migration
to them in order to protect nature and the population. This study has shown that even
six years from now, in 2028, there is an important growing use of this kind of energy. In
parallel with the electric car share increasing, this will help to reach the EU green targets.
Governments have the opportunity nowadays to reduce the other non-green sources of
electricity and thus increase the share of renewables.

The research carried out allows us to conclude that there are still important challenges
and one of them is energy storage, but so far, the prospects look good. Electric cars would
be a big win because their engines are almost four times more efficient than traditional
engines [69].

This paper synthesizes some of the important aspects regarding the energy future of
EU countries. The results obtained show that we still need policies to stimulate electricity
production from renewable sources because we will gain an important benefit from these.
Replacing all current passenger cars is not too difficult to implement in the near future, as
global policy pressure grows, more electric car models become available, and consumer
interest increases. Therefore, electric vehicle adoption is set to continue to rise sharply by
2025 [61]. According to the estimation carried out in this paper, the extra load on the power
grid is not too high, at around 12.18%, and if needed, it could be covered 100% from green
sources even before 2028. This would be a huge gain in our fight to protect the planet.

There is a small challenge regarding reducing government revenue due to fuel excises
but it can be easily compensated by updating tax policies. Moreover, support schemes for
electric vehicles and electric vehicle chargers need to be developed in order to increase
the sales of electric cars and to encourage users to give up internal combustion engine
vehicles in favor of electric ones. These could include bonus payments to buyers of electric
vehicles, as well as tax reductions or exemptions. The impact of these support schemes on
national budgets could be significant. Taking into account our conclusion that government
revenue due to fuel excises will decrease, and also the need for public funding to further
develop renewable electricity and the growth of electric cars, it seems that the updating of
tax policies becomes very important, together with the rethinking and reconfiguration of
public budgets.

To conclude, all four questions investigated in this research paper have positive
responses based on this study. This offers a better view of the future of renewable energies
and the migration to electric cars and their potential challenges and improvements.

We may suggest that further research should be carried out in investigating and sum-
marizing the grid integration of electric vehicles and smart charging policies in European
Union countries, as well as support schemes for electric cars. Furthermore, another research
direction could be to investigate how changes in policy measures influence electric vehicle
market growth in different countries.
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