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EGYESULET
/ 54. Autébusz Szakértéi Tanacskozas
2024. oktober 09., Zsambék

A Gépipari Tudomdnyos Egyesiilet (GTE) és a
tarsrendezd Magyar Autdbuszgydrtok
Szovetsége (MABUSZ) altal szervezett 54.
Autdébusz Szakért6i Tandcskozasra az el§z6
évhez hasonld helyszinen, Zsambékon, a
DrivingCamp-on keriil sor, ahol méd van a
tanacskozds szinvonalas megrendezése és
beltéri kiallitds mellett autdbuszok kiltéri
bemutatasara, megtekintésére és prébautjara is.

A Tanacskozas témaja hagyomanyosan az autdbuszok fejlesztése, gyartasa, lizemeltetése és karbantartasa.
A részletes program még kidolgozas és egyeztetés alatt all. F6bb elemei:
- A délel6tti plenaris Ulés attekintést nyujt az aktualis ipar- és kozlekedéspolitikai kérdésekrdl.
- A meghosszabbitott ebédsziinetben mdd van a kiallitott autdbuszok megtekintésére, kiprébalasara és
a kapcsolatfelvételre a beltéri kiallitokkal.
- A délutdni szekcidliléseken a miiszaki el6adasok kapnak forumot, melyek kiemelt témai:
e ahazai autdbusz gyartas és fejlesztés,
e akilfoldi gyartdk hazai piacon elérhetd autdbuszai
e akornyezetvédelmi Iépésvaltas, benne az elektromos hajtasu autébuszok Gizembe allitasa és az
eddigi lizemi tapasztalatok,
e (j kutatasi eredmények ismertetése, megvitatdsa.

Tovdbbi részletek a www.events.gteportal.eu oldalon.

Advanced Study in Energy Security

and Climate Neutrality
2024. oktober 09-16., Budapest

Advanced Study Institute G7654 — “Capacity
Building for a New Generation of Scientists in
Energy Security and Climate Neutrality” in
collaboration with the National Technical
. University of Ukraine "Igor Sikorsky Kyiv
| Polytechnic Institute"

Részletek a https://events.qteportal.eu/enerqy climate oldalon.

Géptervezok és Termékfejlesztok XL.

Orszagos Szeminariuma
2024. november 7-8., Miskolc

Az esemény idén is a Miskolci Egyetem Gép- és
Terméktervezési Intézete, a Gépipari Tudomanyos
Egyesiilet Borsod-Abauj-Zemplén megyei
Géptervez6 Szakosztdlya és az MTA Miskolci
Akadémiai Bizottsaga rendezésében valdsul meg.

Részletek a https://qeik.uni-miskolc.hu/intezetek/GET/qgepterszem oldalon.
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A JOVO KOZLEKEDESI UZEMANYAGAINAK ATTEKINTESE

REVIEW OF FUTURE FUELS IN TRANSPORTATION

4 k
Peéter Bencs

ABSTRACT

The primary objective of this research is to investigate
the impact of fossil fuel vehicles on greenhouse gas emis-
sions. Given the potential for technological progress, the
phase-out of fossil fuel vehicles is accelerating. The pri-
ority is to achieve greenhouse gas neutrality in transport
as soon as possible. This study will present the impact of
different powertrains on achieving greenhouse gas neu-
trality (with a particular focus on the impact of combined
technologies) and the impact of battery electric vehicles
on achieving greenhouse gas neutrality. The study will
show, under different scenarios, that combining different
technologies is more effective at reducing greenhouse
gases than is using a completely clean technology.

1. INTRODUCTION

At 403 ppm, atmospheric carbon dioxide levels
reached alarming levels. CO, generated from the oxida-
tion of carbon during fuel combustion accounts for the
majority of global anthropogenic greenhouse gas emis-
sions [1]. As a result, the global mean surface tempera-
ture has risen by approximately 1 °C compared to prein-
dustrial levels [2]. To slow or halt global warming, car-
bon emissions must be reduced by reducing our depend-
ence on conventional fossil fuels and thereby encourag-
ing the development of clean and sustainable fuels, espe-
cially from renewable sources. Biofuels are among the
liquid fuels that are of growing importance for economic
and environmental reasons.

Currently, all commercially viable methods of biofuel
production involve photosynthetic capture of solar radia-
tion and conversion of solar energy into chemical energy
through chemical reduction of carbon [3]. Photosynthesis
converts solar energy into chemical energy stored in
plants, such as cucumbers or biowaste, which are later
converted into biofuels. However, current biomass pro-
cessing methods for biofuel production require large ar-
eas of land and sunlight.

Thus, when competing with food production for re-
sources such as water and land, these methods are gener-
ally inefficient [4]. In 2009, the US Department of En-
ergy (DOE) established the Electrofuels Program to
study and develop new methods to advance transporta-
tion fuels and develop fuels using nonphotosynthetic
methods [3].

Electrofuels can be considered an energy storage tech-
nique in which solar energy is converted into chemical

energy by photovoltaic cells, and the energy is stored in
the chemical bonds of the gas or energy carrier or in lig-
uid fuels. Moreover, as a public transport fuel, electro-
fuels can take advantage of existing infrastructure, mak-
ing transportation much easier and cheaper [6,7]. Re-
cently, as a result of these factors, electrofuels have at-
tracted the attention of several car manufacturers, such as
Porsche and Mazda [8].

Hydrogen can also be used as an energy carrier but with
a low volumetric energy density, which is much lower
than that of petrol [9]; high pressure or low temperature
are required to increase the volumetric energy density for
transport, and hydrogen can be transported easily and
safely [10].

A fuel can be defined as a reduced substance that can
release chemical energy by oxidation, oxidation by com-
bustion with pure oxygen or oxygen from the air, or oxi-
dation reactions that result in the production of useful en-
ergy [11]. Unfortunately, in the literature, the terms elec-
trofuels and synthetic fuels are sometimes used inter-
changeably, so that they refer to the same fuel. According
to Ridjan et al., electrofuel refers to a fuel that uses CO-
as the main source of fuel; however, this fuel can be pro-
duced by different methods. While the term synthetic fuel
is used to denote fuels produced from coal, gas and bio-
mass by thermochemical conversion to gaseous or liquid
fuels [12], for example, synthetic paraffin kerosene
(SPK), a type of aviation fuel, is produced from gas to
liquid (GTL) by a process [13]. Electrofuels can be pro-
duced by two main methods: the first is the biological
conversion of CO; into energy-dense fuel [14], and the
second is a fuel produced by combining recycled CO, gas
with hydrogen from the electrolysis of water [15].

Figure la shows the different energy conversion path-
ways from solar energy to biofuels and electrofuels [3],
while Figure 1b shows the pathways from solar energy to
biofuels and electrofuels. different sources and nutrients
that can be fed into the bioreactor to produce biofuels.
gas or liquid fuels [3].

In the literature, metal fuels are sometimes referred to
as electrofuels, and metal is produced by electrochemical
reduction reactions of metals to produce fuel oxides; if
the energy source of the reaction is electricity, this type
of fuel can be called electrofuels [16]. In the metal fuel
cycle, the produced metal fuel is transported to the final
point of use where it is indirectly burned (oxidized) in an
atmospheric air combustor [17]. In a recent review paper
[18], the predelivery costs of e-fuels were evaluated in
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different ways: first, through a literature review; second,
through a more detailed literature review including pre-
delivery and efficiency costs and efficiencies to separate
e-fuels; and, finally, through a series of calculations to
estimate and compare the costs with those found in the
research literature. Masri [19] reviewed the literature on
the challenges and difficulties facing the turbulent com-
bustion of e-fuels.

He concluded that continued research in the field of
turbulent combustion is needed to improve the prediction
capabilities to a level that will enable them to become a
reliable standard tool for the design and control of future

combustion products. The purpose of this review is to ad-
dress recent advances in the field of electrofuels, cover-
ing the chemistry of electrofuels and the reactants re-
quired for their production, and to summarize the various
studies on the life cycle assessment and economic and
technical evaluation of electrofuels. In addition, this re-
view covers the combustion behaviour of electrofuels
and discusses how this behaviour affects their perfor-
mance and fuels for their integration into future energy
systems.

a Biodiesel
m—)  Algae — e— Advanced biofuels
‘ q Pyr()lySiS 0”3
Biomass

Photosynthesis

Sour Crude
H,S

ol SR ad
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Figure 1 (a) Different energy conversion pathways from solar energy to biofuels and (b) different sources and nutri-
ents that can be fed into a bioreactor for the production of gaseous or liquid fuels [3].

2. DECARBONIZING TRANSPORT

Germany, which is one of the largest emitters of green-
house gases (GHGs), ratified the Paris Agreement in
2015 and committed to significantly reducing GHG
emissions in October 2016 [20]. Efforts to reduce emis-
sions in Germany have already led to reductions in GHG
emissions in most sectors of its economy. Only the
transport sector showed a slight increase in greenhouse
gas emissions, not a reduction in its carbon footprint,

10 2.SZAM

from 163 Mt CO; equivalent in 1990 to 164 Mt CO,
equivalent in 2014. The overall approaches to reducing
GHG emissions during transport are fourfold: reducing
the carbon intensity of fuels, increasing the energy effi-
ciency of vehicles, shifting modes, and reducing overall
demand [23].

The latter two are referred to as the mobility transition,
and the first two refer to the energy transition of transport
[24]. While the decarbonization effort is clear and a num-
ber of different technological solutions for the energy

GEP, LXXYV. évfolyam, 2024.



transition of road transport, such as electric vehicles, are
available, there is still disagreement on the best option(s).
Although uncertainty undoubtedly plays a major role in

®)

this disagreement, it is not clear how the different tech-
nological options relate to each other in terms of uncer-
tainty.
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Figure 2 Key technological options for low-carbon road transport [25].

2.1. Comparison of technologies

In transport, three different technological options for
achieving energy transition are commonly discussed: bat-
tery electric vehicles (BEVs), hydrogen fuel cell electric
vehicles (FCEVs) and internal combustion engine vehi-
cles (ICEVs), which run on either biofuels or synthetic
fuels. Figure 2 illustrates these decarbonization options
for road transport based on electricity from renewable en-
ergy sources.

BEVs are vehicles that run on electric energy provided
by an on-board battery pack that powers an electric mo-
tor. Owing to the high efficiency of electric motors (up to
95%) and the possibility of partial recovery of mechani-
cal energy, BEVs exhibit the highest (approximately
70%) well-to-wheel efficiency of all the technologies
studied [26, 27].

FCEVs differ from BEVs in terms of electricity supply.
An FCEV generates the necessary energy on board from
hydrogen via a fuel cell unit. This electricity is subse-
quently used to power an electric motor. Compared with
BEVs, the system has an additional step, as electricity is
first used to produce an energy carrier (hydrogen)
through electrolysis, which then allows it to be converted
on-board into electricity. Accordingly, the overall well-
to-wheel efficiency is relatively low (between 25 and
30%) [27, 28].

The third technology, the ICEV, is essentially a heat
engine that produces mechanic energy from the combus-
tion of fuel. From an energy conversion point of view,
this fuel can be either synthetic fuel or biofuel, and both
potentially enable carbon-neutral operation. The main
sources of synthetic fuels are hydrogen and carbon diox-
ide. Due to the complexity of the conversion steps, the
well-to-wheel efficiency is the lowest of all options (13-
20%) [27, 28]. In contrast, biofuels produced from or-
ganic matter, such as crops or organic waste products,

GEP, LXXYV. évfolyam, 2024.
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can theoretically be considered carbon neutral, as they
only emit locally as much carbon as crops have previ-
ously absorbed (excluding the energy required for plow-
ing and conversion processes) [29].

3. MEASUREMENT TASK

Fuel test investigations were carried out on a GUNT-
built machine for training purposes (Fig. 3). The machine
consists of a single-cylinder Hatz 1B20-6 diesel engine
and a brake unit connected to it. To obtain a more com-
prehensive picture of the processes in the engine, it was
also necessary to investigate the composition of the ex-
haust gas, for which a Testo 330-2 measuring device was
used. This approach allowed us to document the effect of
different fuels on the emission values.

3.1. The tested fuels

The effects of two different fuels on an experimental
diesel engine are shown. The first is a commercially
available standard diesel fuel (composition according to
MSZ EN 590:2009), which contains 4.8% by volume of
bio component fatty acid methyl ester as a standard. In
contrast, the alternative fuel blend we tested was made
with unesterified vegetable oil blended with the commer-
cially available regular diesel fuel mentioned above. Ac-
cording to the international literature, in the production
of alternative fuels, virgin oil is pretreated by a transester-
ification process [30].

11



Figure 3. The experimental diesel engine and its

brake unit.

In our research, we wanted to gather information on the
effects of an alternative fuel blend on a diesel engine and
its exhaust gas composition with the addition of a no es-
terified vegetable oil, which is also used in households.
The alternative fuel thus formulated contained 2/3 by vol-
ume of normal diesel and 1/3 of sunflower vegetable oil.

4. RESULTS

In our tests, measurements were carried out using both
fuels with the same operating parameters, i.e., running
the engine at constant speed and increasing the load
torque. The measurement started from the lowest achiev-
able braking torque, which was 0.5 Nm. Subsequently,
the subsequent measuring points were set up by increas-
ing the load torque every 0.5 Nm to 5 Nm, taking care to
ensure that the parameters to be measured were set to a
constant value after the load was changed. A similar
measurement method can be found in the publication by
Wang et al. [31].

The fuel consumption data were evaluated and are
shown in Figure 4. The graph clearly shows that, on av-
erage, 3.2% more fuel per unit mass per hour was con-
sumed over the operating range when using the alterna-
tive fuel under the same operating conditions. There are
several reasons for this additional consumption.

One reason is that the energy content of the alternative
fuel blend is lower than that of normal diesel fuel; the
other reason may be a change in combustion quality. The
fuel that we produce contains vegetable oil used without
transesterification, which increases the viscosity. As a re-
sult, the atomization and thus the combustion quality
have deteriorated. The additional consumption measured
is, however, dwarfed by the fact that a third of the fuel
tested is not from fossil sources.

12 2.SZAM
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Figure 4. Fuel consumption [kg/h].

5. SUMMARY

It seems strategically useful, therefore, to keep all tech-
nological options open to adapt to unforeseen develop-
ments. In practice, this should not be a wait-and-see strat-
egy but rather a parallel development of all options. This
may entail higher initial costs, but it will increase the
long-term resilience of the energy transition and help
avoid snap decisions. Ultimately, the socioeconomic cost
of building both BEV and FCEV infrastructure seems rel-
atively low compared to that of other infrastructure budg-
ets.

Our research experiments also show the potential of
these materials for IBEV systems. Sub alternatives in-
clude the production of different no fossil fuels and
blending them with existing fuels (or the production of
fully synthetic fuels). We intend to continue our research
under normal conditions on a brake test bench (high-per-
formance diesel engine). Our results will be used to es-
tablish a new research collaboration with a large automo-
tive company (testing new fuel types).
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