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ABSTRACT

Energy is one of the most important components of a country's economy and
development, and fossil fuels ensure 83.4 % of primary energy worldwide.

One of the most debated facts nowadays is the influence of the fossil fuels used as a main
energy source, on climate change, in fact the CO2 emissions released by these fuels.
Therefore, alternative energy sources have been developed to reduce CO» emissions,
respectively the impact of greenhouse gases, on the environment.

The present study proposes an objective evaluation of different types and sources of
energy and a relevant method for assessment of the environmental impact of
representative type of energy sources. Consequently, fossil fuels and alternative sources
of energy, especially electricity, are evaluated by Life cycle assessment method. Specific
power energy of each category of combustibles, as well as their specific emission of CO»,
SOy and NOy, are highlighted and discussed.

The study emphasized that the impact of different energy sources has to be attentively
analyzed in order not to actually generate more serious environmental consequences.
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INTRODUCTION

Climate change is one of the main concerns nowadays and the most debated source,
considered to influence climate change, is CO2 emissions generated by the combustion of
fossil fuels. There are many alternative sources and technologies aimed at partial or total
replacement of fossil fuels. Some of these use electricity, solar energy, wind energy or
hydro energy, from the use of which no CO: results [1,2,3]. Other technologies use
renewable sources like biomass, which provide green fuels such as bioethanol, biodiesel,
biogas, etc., which are used similarly to fossil fuels and release CO; [4,5,6].

CO2 emissions are directly correlated with energy consumption and production. The
transport, industry, agriculture, also the domestic energy consumption etc, have an
important contribution. A high proportion, approx. 77% of greenhouse gas emissions, is
due to energy consumption [7].
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Energy consumption worldwide has grown at an accelerated rate since the 1950s, when
global consumption was at a level of approximately 20,136 TWh, until now, when the
global consumption is approximately 128 800 TWh, which means 6 times higher, than
the referential point, 1950s [8].

Statistics show that between 2019 and 2021, primary energy demand increased by 5.8%,
and fossil fuel consumption accounted for 82% of primary energy; renewable energy
increased by over 1822.4 TWh [9, 10]. Considering the main energy consumers, the data
reveals that: transport represents the most important share of consumption, namely a third
of global energy consumption, agriculture approx. 10.55%, the industrial processes and
the products’ use, approx. 9.10%, waste management 3.32%, the rest, up to 100%, in
various other fields and activities [11].

This paper aimed to evaluate representative energy sources; thus, the specific properties
of different types of fuels, the specific of energy production processes, especially of
electrical one, were taken into account. Statistical data and/or data obtained on the basis
of specific chemical or combustion equations were also used and compiled the
fundamental elements of a critical assessment.

The novelty of this study is the realistic valuation of the advantages and/or disadvantages
of using different energy sources, based on concrete and objective data, by correlating
their energy efficiency and environmental impact.

Also, a relevant and complex assessment method was used, which was applied to the life
cycle assessment (LCA) of representative energy sources, especially the electricity used
to power electric cars. LCA analysis is relevant for estimating the environmental impact
of various products, processes, phenomena, etc. and is usually based on the quantitative
elements of the life cycle of the subject being studied [12].

CRITICAL STUDY OF THE MAIN SOURCES OF ENERGY

Considering that a high proportion of greenhouse gas emissions is due to energy
consumption, and transport represents the highest rate, in this study we evaluated and
highlighted the impact of different types of energy sources, especially of the one used in
transport.

Energy is obtained from different sources and/or complex processes, the main categories
being:
- Energy obtained from hard-to-regenerate sources represented by fossil fuels,
respectively coal, crude oil and natural gas;

- Energy obtained from renewable sources, respectively, solar energy, hydro, wind
energy;

- Electricity;
- Nuclear energy.

From the data published in "BP Statistical Review of World Energy 2022" regarding
energy production from different sources, the following figures can be highlighted [3]:

- Energy production from fossil fuels (gas, oil, coal) represents approx. 83.4%;
- Hydroelectricity: approx. 9,6 %;
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- Nuclear energy: approx. 2 %;
- Renewable energy: approx. 5 %.

It is easily observed that most of the energy produced worldwide comes from fossil fuels.

In 2021, fossil fuel energy consumption reached a total level of 136,018 TWh, structured
according to the following configuration [8]:

- Energy obtained from Coal: 44,473 TWh (32.7%),
- Energy obtained from crude oil: 51,170 TWh (37.6%),
- Energy obtained from Gas: 40,375 TWh (29.7%).

A relatively balanced distribution can be observed between the three categories of fossil
fuels, in first place being crude oil (represented by gasoline, diesel and heavy heating
furnace fuel).

For the evaluation of the efficiency and environmental impact, of any fuel category,
several elements are important, namely:

- The calorific value of the fuels, for evaluating energy efficiency;

- The specific content of carbon and hydrogen (especially for fossil fuels), which
are the basis of combustion reactions and is correlate with the calorific value of
the fuel;

- Greenhouse gas emissions (COz, CHs, N20O, water vapors), as well as SOx type
emissions, for evaluating the impact on the environment;

- Availability of fuel naturally or, for certain categories, how expensive it is to
obtain.

The calorific value of different types of fuels was highlighted based on the data from the
field literature, or was calculated by the calculation formulas presented by the specialized
literature in the field of combustion [13,14,15,16].

The percentage content of hydrogen (expressed in relation to the total number of hydrogen
and carbon atoms in the fuel molecule), respectively the H/C ratio, was calculated based
on the chemical structure of the fuels.

The chemical structure of complex fuels (gasoline, diesel, heating fuel, coal) was
considered based on the average chemical composition of the fuels, respectively based on
hydrocarbon classes structure, specific to the products, that are found in the literature in
the field [17,18,19].

All these data and characteristics were centralized and are presented in a synthetic way in
table no.1, for the representative fuels.

RESULTS AND DISCUSSIONS

Analyzing the specific data presented in the above table, from the point of view of energy
efficiency and environmental impact, we can highlight the following aspects:

» The value of the calorific power decreases from hydrogen and natural gas, towards
coke, this having the lowest value; natural gas, respectively hydrogen, has the
highest value.
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We can explain this "hierarchy" by the fact that, with the increase in the hydrogen
content in an organic compound, the calorific value also increases: coke has the
lowest hydrogen content, therefore the lowest calorific value; fuels obtained from
crude oil have a significantly higher hydrogen content, and natural gas has a very
high hydrogen content and consequently, the highest calorific value.

From the point of view of environmental impact evaluation, respectively the
volume of CO2 emissions, it follows the combustion equation:

CeHy + 220, =X CO2 + £ H,0 1)

Considering that CO2 emissions are proportional to the carbon content, it is
obvious that the largest volume of CO2 emissions will be generated by coke, which
has the highest carbon content; natural gas has the lowest volume of emissions
and hydrogen has zero carbon emissions;

Also, if we analyze among the fuel categories, other elements with negative
effects on the environment and human health, such as the content of sulfur
compounds and heavy metals compounds, coke has the most harmful impact,
because it has the highest content of sulfur and compounds of heavy metals
[22,23].

Table 1. Characteristics of representative fuels

Crt. | Fuel type Superior calorific Hydrogen H/C Ratio
No. value, MJ/Kg [6,7] | content, %"
1 | Hydrogen (H>) 120-142 MJ/kg 100 -
2 | Methane (CH,) 50-55 MJ/kg 25 4/1
3 | Natural gas 42-55 MJ/kg 24 3,8/1
4 | Liquefied petroleum gas 46-51 MJ/kg 17-18 3,7/1
(LPG)
5 | Biogas (55-65% CH4) 28-30 MJ/kg 15-17 -
[20,21]
6 | Gasoline 44-46 MJ/kg 14-15 1/25
7 | Diesel 42-46 MJ/kg 13-14 1/2.8
8 | Coal 23.9 MJ/kg <3 >9/1
9 | Firewood 16 MJ/kg - -

“Jthe percentage is calculated in relation to the number of hydrogen and carbon atoms in the fuel molecule.

Summarizing the specific aspects of the analyzed fuels, it is very clearly observed that:

coal-type fuels have the lowest energy efficiency and produce the highest level of
pollution;

hydrogen is in the first place, followed by natural gas, these having the highest
energy efficiency and the lowest impact on the environment;

gasoline and diesel products obtained from crude oil are in a medium to high
position, but with twice the energy efficiency compared to coke and a much lower
level of pollution.
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Why is it important to analyze in depth all the specific aspects of using different types of
fuels?

Because there is a close interdependence between fossil fuels and other types of fuels
and/or alternative energies. Thus, fossil fuels are used both as such, for the large-scale
production of energy, specifically over 83.4 % of the energy consumed worldwide [3],
but also for the production of so-called "green" energy, such as electricity or hydrogen.

These alternative energy sources have been developed with the main goal of reducing
environmental pollution. But is the result, exactly what was expected?

In order to be able to objectively evaluate the efficiency of these alternatives, both from
the point of view of energy performance and environmental impact, a complete analysis
of the life cycle of the respective energy sources must be carried out, from the initial stage
of obtaining, until the last step, the concrete transformation into energy for consumption.
In this respect, a Life cycle assessment analyze type is relevant.

In this study, such an analysis of an alternative source of energy used more and more in
the field of transport, is carried out, respectively the case of electric powered cars.

CASE STUDY AND DISCUSSIONS
Life cycle assessment of the electric powered cars

Since transport represents the segment with the highest energy consumption (more than
33%), as previously presented, it was right that alternative technical solutions to reduce
pollution should be developed in this field, the most widespread of which is that of cars
powered by electricity. Thus, electric powered cars have registered a significant increase
in the last 10 years, the most pronounced in Norway (approximately 80%) and the slowest
in the USA (approximately 10%). In Germany, the growth was approximately 20%, at
the level of the average growth recorded in the EU [24].

And yet, does the use of electric cars represent a real solution for reducing CO2 emissions
and reducing environmental pollution? Are all specific and related aspects taken into
account?

Usually, the assessment of CO2 emissions of electric cars is done by strictly considering
only the energy consumption necessary to drive the car. From this point of view, indeed,
electric cars practically do not generate CO2 emissions. However, an LCA type analysis
highlights all the elements that must be taken into account throughout the chain, from the
sources of obtaining electricity, to storage, use, management and disposal of specific used
materials, etc.

For an objective, realistic evaluation of the environmental impact of an electrically
operated machine, all these components, as well as the related ones, must be evaluated,
as shown by the analysis carried out in the present study, presented as follows.

» According to the data studied, over 60% of electricity is obtained from fossil fuels,
and a large part, 20-40%, depending on the geographical area, is obtained from
coal [27, 28]. As it was shown in the first part of the study, from the evaluation of
the different types of fuels, it appears that coal has the lowest energy efficiency,
so a double amount of coal is needed compared to gasoline, to achieve the same
energy efficiency;
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* The large volume of CO2 and SOx emissions and the impact of compounds with
heavy metals resulting from the combustion of coal used for the production of
electricity are much higher than in the case of gasoline and diesel fuels [22, 23].

» The materials needed to make the cars' batteries, especially the rare metals that
are obtained from the mining activity, require the consumption of huge amounts
of energy, obtained from fossil fuels; the aspect of the low availability of these
rare metals cannot be neglected either;

* The accumulation of an increasing number of used batteries, in the absence of
viable recycling technologies, leads to a high impact of these toxic materials on
the environment [25, 26].

Studies published in 2021 by researchers from the German institute Fraunhofer ISE
(Fraunhofer-Institut fur Solare Energiesysteme), as well as data published by the US
Energy Information Administration in 2024, show that [27, 28]:

» a low-capacity electric car with only a 40 kwh battery that can be charged at a
regular charging station needs to travel at least 72,600 km to have a CO, advantage
over a gasoline/diesel car;

» a medium-capacity car, with a 56 kwh battery, must have a distance of at least
100,000 km, and

» for an Audi E-Tron type car, with a 95 kwh battery, a minimum of 166,000 km
are required before it reaches a climate advantage compared to a diesel car.

For many specialists in the field, it is clear that the manufacture of high-powered electric
cars that travel ever greater distances does not make sense.

All this LCA analysis highlights the fact that the evaluation of the efficiency of a process,
a product, phenomenon, etc., must be done in its entirety, taking into account all aspects,
both direct and indirect. Thus, in the case of electric cars, it is highlighted that their use
is efficient for short distances, specific to city trips. In this way, the level of pollution in
the city area is reduced, with the mention that the pollution will be transferred to the area
where the power plant is located, because they usually work with fossil fuels, especially
coal, which generates a high level of pollution.

CONCLUSIONS

Environmental impact of CO2 emissions are directly correlated with energy consumption
and production. A high proportion, approx. 77% of greenhouse gas emissions, is due to
energy consumption. Since transport represents the segment with the highest energy
consumption (over 33%), various alternative technical solutions to reduce pollution have
been developed in this field, the most widespread of which is that of electric cars.

To evaluate the efficiency of this alternative, as in other cases where the efficiency of a
process, product, action, etc. is evaluated, in the present study a life cycle assessment
(LCA) type analysis was performed. In the case of electric motors, the LCA type analysis
showed that there are many elements that deny an important part of the expected
advantages, in the direction of reducing the environmental impact Specifically, electric
cars are proving to be particularly efficient for short-distance transportation within cities,
reducing pollution in the city but transferring it to areas where power plants are located.
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The fossil fuels continue to hold the most important share of the energy market worldwide
and that will not be changed in the very next future. That is not a threat for the
environment if the use of these resources is properly managed. The impact of different
energy sources must be carefully assessed in order not to actually generate more serious
environmental consequences.
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