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Abstract: The use of biofuels in vehicles becomes more advantageous than the consumption of fossil
fuels, mainly because it uses renewable sources of energy. Recently there are some concerns about
biodiesel sources, and hydrotreated vegetable oils (HVO) appear as a possible advanced solution.
To understand the effect that the implementation of the new and old European type-approval test
cycles (NEDC e WLTP) has on the results of these fuels considering pollutant emissions and fuel
consumption results, a EURO V vehicle was subject to these cycles and also to engine performance
evaluation tests. For this analysis, the fuels considered were: B0 (pure diesel), B7 (7% of biodiesel),
B15 (15% of biodiesel), B100 (pure biodiesel), and HVO15 (15% of HVO). The findings lead to the
conclusion that completely replacing fossil fuels with biofuels is not the most cost-effective approach.
No significant differences were observed considering the two homologation cycles, the oldest (NEDC)
and the actual (WLTP) and the use of HVO also does not present any relevant differences concerning
the fuel consumption differences to B0 (+0.58% NEDC and +0.05%WLTP), comparing well with
biodiesel behavior (−1.74% NEDC and −0.69%WLTP for B7 and +1.48% NEDC and 1.89% WLTP
for B15). Considering the power of the engine obtained with the fuels, the differences are almost
negligible, revealing variations smaller than 2% for B7, B15, and HVO15.
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1. Introduction

The benefit that today’s society obtains from energy reveals a monumental techno-
logical evolution and promotes an exponential growth in the quality of life. However, the
amount of energy that humans consume, and all the resources considered fundamental to
maintain the dynamics of society, from electricity to transport sectors, reflect a problematic
energy fossil fuel dependence. It is evident that this dependency, for all its designated cons,
is not an ideal condition. Nevertheless, this situation worsens considerably in relation to
the most exploited energy source: oil. In addition to oil being a non-renewable energy
source, which may be extinguished due to excessive use, the pollutant emissions, and the
release of carbon dioxide resulting from its intensive use are unaffordable for atmospheric
equilibrium. Since energy is currently used in almost all sectors, even in the most trivial
things, the consequences of oil abuse are already evident in the ecosystem, which is even
more amplified in transportation.

The worsening of global warming and air pollution has led to growing concern among
experts who continually seek solutions to mitigate its effects. The automotive industry is
one of the sectors most in need of reorganization, due to its relevant exhaust emission rates.
Several actions have already been implemented to encourage a reduction in the number
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of vehicles in circulation, such as the improvement of public transport networks (comfort,
schedules, routes, and cost) or the provision of low-cost electric bicycles and scooters.

Moreover, the circulation of heavy vehicles for cargo and passenger transport, which
exists in large numbers, would not suffer any change. Therefore, the solution to improve
pollutant emissions may lie not only in the reduction of vehicles in circulation, but in the
vehicles themselves, by the fuel they use, and by their ability to act on the gases they emit.

From the vehicle itself, there are two ways to reduce emissions of polluting gases
into the atmosphere: using innovative emission-reduction technology to improve engine
efficiency and exhaust system capability or parameterizing the vehicle for the use of less
polluting fuels in both the production and combustion processes.

Emissions standards are the official requirements that regulate the maximum limits of
polluting emissions and that must be respected by all vehicles that were produced with
the intention of being commercialized to circulate on European roads. The Euro Standard
defines the allowable pollutant emissions considering particulates and exhaust gases, the
type of tests applied to vehicles, the associated consumption limits, the testing methodology,
and the mandatory technological innovations of the vehicles. It is imperative that vehicles’
engines comply with all the regulations described in the Euro Standard in effect at the
time of manufacturing. Over the years, six Euro Standards have been implemented, with
ever-higher levels of demand and rigor, not only in restricting the permissible limits but
also in optimizing the tests that vehicles are subjected to. The transition from the NEDC
cycle to the WLTP protocol for vehicle approval, which took place in 2017, aimed at this
optimization, attempting to reproduce real driving conditions in a more authentic way and,
consequently, achieve more realistic emissions and fuel consumptions.

In view of this, the application of exhaust gas treatment devices has been the most
adopted resource by manufacturers. First, because there are several technologies with an
efficient performance in the attenuation of different emissions, specifically of substances
considered pollutants. Then, despite the fact that vehicle approval legislation is becoming
more stringent and demanding, emissions are controlled “tank-to-wheel”, which means
that emissions from fuel production are not accounted for. In this way, and for legal
purposes, treating pollutants emitted directly by the vehicle is not sufficient.

At a more comprehensive level, the use of biofuel emerges as a viable solution for
reducing emissions, since its production represents much lower carbon emissions than
those resulting from the production of fossil fuels. Furthermore, it is a renewable fuel, from
non-fossil organic sources, that is, unlimited. The evolution in the development of biofuels
from new origins also becomes a great asset of this energy source. The ethical controversy
associated with the first generation of biofuels (“FAME”) was surpassed by the second
generation (“HVO”), which comes only from residues, debris, and waste from industry
and agriculture. Furthermore, in addition to the optimization of the raw materials used,
the evolution of biofuel generation has permitted the development of fuels with more
interesting physical and chemical characteristics, known as synthetic fuels.

In view of all the mentioned advantages, it is not necessary that the consumption of
biofuel represents a considerable reduction in the direct emissions of exhaust gases from
a vehicle. If the emissions are not significantly higher, the advantage of deriving from
greener production takes precedence.

Although synthetic fuels can be manufactured on a customized basis, allowing pollu-
tant emissions to be improved more easily by allowing the contribution to greenhouse gas
emissions to be minimized, this analysis will depend mainly on the level of sustainability
of their raw materials (fossil/renewable), the energy source from which they are developed,
and the energy and efficiency of the process [1].

There are many results about the use of first-generation biodiesel considering the
use in light vehicle engines having the NEDC test as a reference, however, taking into
consideration the change in the homologation test cycle and the increasing perspective of
the use of synthetic fuels such as HVO, it is important to know how the change of cycle
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and fuel can be related. This important analysis has not yet been carried out and that is
one of the main purposes of the present work.

To understand whether biofuels are, in fact, a beneficial solution, it is crucial to
understand the consequences resulting from their use on the performance, consumption,
and emissions of vehicles. The main objectives of this work are to verify the consequences
inherent to the use of biofuels in a diesel engine, on performance, consumption, and
emissions from the engine; to verify the impact that the use of a different cycle could
represent in the measured parameters, by comparing the results obtained with the older
tests (NEDC), still used in the approval of Euro V vehicles, and with the new approval
protocol (WLTP), considering the most traditional biodiesel and the advanced HVO.

Although it is not an option of high-priority interest, the development of alterna-
tive fuels is not stagnant, its evolution allows to reach substances with better and better
properties and the advantages of its use are more and more noticeable.

The organization of the paper consists of an introduction followed by the literature
review in Section 2. In Section 3 the experimental methodology is explained and in
Sections 4 and 5 the results are respectively discussed, finalized with the last section of
conclusions where the most important findings were summarized.

2. Literature Review

The biofuels segment already has an expressive dimension in its variety, both in raw
materials used as in production technologies, reaching a terminology of renewable fuels
broad and constantly updated. Although “biofuel” is the most pronounced expression in
general, this term covers variants with different origins, characteristics, and conditions, so
it is relevant to distinguish and specify each element [2].

Although experts have directed their research to use waste and algae as raw materials,
first-generation energy sources still symbolize a large part of biofuel production, since
there are economic and legislative barriers that create a gap between technical potential
and actual production. The truth is that biodiesel, HVO, and bioethanol accounted for
more than 95% of biofuel consumption in the European Union in 2017 [3].

The drawbacks associated with the consumption of conventional diesel are already
known. In addition to the dependence on a fossil fuel representing a warning sign for its
exhaustible character, there is a need to reduce emissions of substances responsible for the
greenhouse gas effect (GHG) [4].

European legislation seeks to define and implement increasingly stringent targets
to reduce these emissions, considering not only TTW (tank-to-wheel) emissions but also
WTT (well-to-tank) emissions. The possible hesitations in relation to biofuel arise due to
its direct and indirect environmental effects associated with land use and water consump-
tion [3]. This is because, although the use of biofuels can reduce direct GHG emissions,
this benefit might be offset by emissions from indirect land change use (ILUC). However,
if the consequences of soil change are considered in the selection of raw material and if,
for raw materials produced in soil, lands with high biodiversity and high carbon rates are
abolished, new-generation biofuels can significantly reduce total GHG emissions [3,5].

Advanced biofuels respond to this need. Based on lignocellulosic feedstocks (agricul-
tural and forestry residues), non-food crops, or industrial residues, these fuels imply low
CO2 and GHG emissions and achieve very low or zero ILUC impacts. Furthermore, the
processing of some feedstocks considered advanced is compatible with the current produc-
tion infrastructure, and the controversies surrounding the consumption of foodstuffs as
fuel do not apply to these new raw materials. Europe, including Portugal, intends to invest
in advanced fuels and this can be seen in the impositions of the new RED II [3].

The analysis of the direct effects on the engine inherent in the consumption of biofuels
has been the object of study for several researchers and the present report also focuses on
this matter. Gad et al. [6], when testing a diesel engine with fuel blends from Jatropha oil,
achieve power and torque reductions at the engine’s output by increasing the percentage
of biodiesel in the mix. Additionally, the average effective pressure, thermal efficiency,
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volumetric efficiency, CO, and smoke emissions were reduced in these conditions. On
the other hand, the consumption of biodiesel resulted in higher NOx emissions when
compared to pure diesel. The study by Tamilselvan et al. [7] confirmed a slight reduction
in thermal efficiency associated with biodiesel, a reduction in CO and smoke emissions,
and an increase in NOx emissions; moreover, it detected an increase in brake specific
fuel consumption (BSFC), an increase in CO2 emissions and a reduction in HC emissions.
Verma et al. [8] validated most of the observed trends.

Kroyan et al. [9] demonstrate that fuel mixtures with a percentage of HVO result in
lower CO2 emissions, although this effect is not evident in the consumption of biodiesel
mixtures. According to Dimitriadis et al. [2], mixtures of this nature also promote the
reduction of NOx, HC, and particulate emissions.

An et al. [10] demonstrate an increase in BSFC compared to mixtures with a higher
percentage of biodiesel, making this difference even more evident with the decrease in
engine load. The results of thermal brake efficiency (BTE) show that biodiesel assumes
a favorable position in relation to diesel at high loads, inverting this tendency in low
loads. The cylinder pressure decreases with the use of biodiesel and the CO emissions
vary significantly with the engine load, with the use of biodiesel being favorable only
at higher loads. Buyukkay [11] also observed an increase in BSFC with biodiesel from
pure rapeseed oil in his tests, as well as an increase in NOx emissions. Chiba et al. [12]
confirm an increase in specific consumption associated with biodiesel, as well as higher
NOx emissions, although they consider that the variations are insignificant; it was stated
that the engine powers obtained through biodiesel and diesel are equivalent.

Some authors conclude that fuel mixtures such as B20 [13] or B40 [14] provide the
best energy performance since they establish the most favorable relationship between
the engine’s performance and the resulting emissions. Furthermore, the application of
biodiesel up to 20% in the fuel mixture (B20) results in fuels that fully comply with the
technical specification for diesel (EN590). Therefore, this is a solution with immediate
availability, without the need for large additional investment in infrastructure or vehicles.

In general, it is possible to identify a reduction in the average WTW (well-to-wheel)
CO2 emissions, when diesel and gasoline are replaced by biofuels, which makes their appli-
cation promising when using advanced raw materials [3]. Furthermore, the improvements
in vehicle performance detected by some researchers, associated with the consumption
of fuel mixtures with a percentage of biodiesel, intensifies with the insertion of additives,
allowing us to achieve higher efficient energy conversion with a minimum of impact on
the environment [4].

The economic and functional potential of biodiesel, associated with the fact that
it is compatible with diesel engines without any changes, reflects promising levels of
application. This would be very positive, not only for the reduction of emissions but also
for the expansion of the industry and for diesel engine manufacturers since new liquid fuels
could illuminate a not-so-promising future for traditional internal combustion engines
using fossil fuels [4].

In this context, considering the constant evolution of the vehicles and the respective
engines, it is important to evaluate the effects on emissions, performance, and consumption
in a vehicle with EURO V technology, when using fuels with different proportions of
biodiesel, while also evaluating the incorporation of the not so well-known HVO.

Since the 1990s, vehicles have been tested based on the same standard test, to verify
that their emissions are within the limit stipulated by the current standard. Until 2017,
vehicle evaluation was carried out according to the NEDC test cycle; however, some doubts
began to arise regarding the accuracy of its results. For this reason and in addition to
constant updates of standards and increasingly ambitious requirements, the test cycle used
for approval also revealed a need for optimization [15]. From this date, the WLTP test cycle
started to take effect. The specific characteristics of both tests allow realizing that the WLTP
cycle is more rigorous and detailed in the approval of vehicles.
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The WLTP test cycle achieves higher average and maximum speeds and accelerations
than the previous NEDC test cycle, which has a longer cycle time and reproduces a
shorter overall stationary period, thus simulating greater distances. Furthermore, the
“urban” and “extra-urban” driving phases adopted in the NEDC cycle are replaced by
four representative phases of different speeds, the fixed-gear change points start to vary
according to the vehicle and additional equipment that can change the results is now
accounted for. Theoretically, this gives the WLTP cycle a more dynamic and representative
nature of the actual driving. Temperature control also played a key role in this evolution,
since measurements previously quantified in a temperature range between 20 ◦C and 30 ◦C,
are now measured precisely at 23 ◦C (CO2 emissions corrected to 14 ◦C), the European
average temperature [16–19].

In addition to achieving more reliable measurements, all these improvements trans-
form WLTP into a test cycle adjustable to different regions of the world, allowing for an
egalitarian character worldwide, not only in the comparison of values (polluting emissions,
fuel consumption) but also in the attribution of certificates of conformity and fees applied
to different vehicles [20]. Tests of the same vehicle, under the same conditions, according
to different test cycles, allow proving the influence that the differences between the test
cycles have on the final results of the measured values.

Pavlovic et al. [16] tested the impact that the change of the NEDC test cycle for WLTP
could have on CO2 emissions through the CO2MPAS simulation tool. Their results confirm
the theories of the authors they mention, demonstrating that WLTP can reproduce a 25%
increase in CO2 emissions and, therefore, contributes to the eradication of the variances
between homologation and real-world values, both in emissions and in fuel consumption.

Additionally, in a simulation scenario, Tsiakmakis et al. [21,22] concluded that, for
CO2 emissions, the overall average proportion of WLTP and NEDC is about 1.19, which
is equivalent to 23.1 g CO2/km. However, this relationship tends to decrease with the
increase in mass, capacity, or power of the vehicle and for higher values of emissions
(250 g CO2/km in the NEDC), being able to reach ratios below 1; they also note that this
ratio is slightly higher in gasoline vehicles than in diesel vehicles. Even so, the authors
consider that the WLTP gives a more reliable character to the homologation.

In an experimental context, Pavlovic et al. [23] tested 31 vehicles (20 gasoline and
11 diesel) with both test cycles to investigate differences in CO2 emissions and energy
consumption. The resulting analysis highlights the “worst-case scenario” (vehicle with
greater mass, greater rolling resistance, and worse aerodynamics) and the “better case
scenario” (vehicle with lower mass, lower rolling resistance, and better aerodynamics) for
the parameters measured in WLTP. Compared to NEDC, the results indicate, in a worst-
case scenario, increases of 44% in energy consumption and 11% in CO2 emissions and, in
conditions of a better scenario, increases of 26% and 1%, respectively. The authors conclude
that the implementation of WLTP affects diesel vehicles more than gasoline and that it
potentially halves the gap between homologated fuel consumption and actual consumption.

Considering the potential of HVO, Bortel et al. [24] detect that without any changes in
ECU settings the use of HVO does not promote significant effects on acquired energetic
and emission parameters.

The results in an engine testbed reveal that introducing proper fuel injection strategies
allows to take the best of HVO characteristics [25], but this is not easy to do in the current
fleet of vehicles and it is important to understand what happens when different fuels are
introduced in the market. Additionally, the study of Ahmad et al. reveals an increase
in thermodynamic efficiency of 2.2 to 2.7% compared with baseline diesel operation,
considering the engine calibration process [26].

The work presented by Rimkus et al. [27] also considers the use of an engine dy-
namometer and reveals that the energy conversion of HVO seemed more effective than
pure diesel fuel. The differences are inexistent or only slightly depend on the load or
speed regime. The variations present small increases ranging from 0.5 to 1.4%. In fact,
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Cheng et al. concluded that HVO presents the air–fuel premixing process and spray
formation similarities with conventional diesel [28].

In terms of pollutant emissions some advantages when compared with diesel fuel concern-
ing particulate emissions [29] but did not reveal detectable differences considering NOx [30].

3. Experimental Methodology

For the comparison of the results obtained to be more reliable, it is important that the
vehicle is tested with similar conditions in all the tests. For this, the tests were reproduced
based on the standard used for vehicle approval, from 1 June 2017.

3.1. Laboratory Procedure and Resources

All the equipment used in the measuring process are presented in Figure 1 and
described below (Table 1):

# The vehicle is located on the chassis dynamometer that measures the engine’s perfor-
mance (power and torque) and wheel speed.

# The atmospheric conditions inside the laboratory were controlled and acquired to
assure similar conditions. By means of a fan, a continuous airflow was maintained,
simulating a speed of 90 km/h; this speed does not coincide with the vehicle speed,
but it is the same in all tests and allows an effective engine cooling.

# The fuel that was consumed by the vehicle comes from a vessel positioned on a digital
gravimetric weight scale, which continuously measures the mass of the fuel.

# Emissions from the exhaust pipe were measured through a sample that was picked
and driven to the exhaust gas analyzer.
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Table 1. Main characteristics of the measurement equipment of the laboratory test.

Equipment Parameter/Range Resolution

Dynamometer Maha LPS 3000 Speed [0.0–260.0 km/h] 0.1 km/h
Force [0.0–6000.0 N] 0.1 N

Fuel Measurement Mettler Toledo PS7001-F Mass [0.0–7000.0 g] 0.1 g

Exhaust Gas Analyzer Bosch BEA 250

CO [0.00–10.00] % vol 0.001% vol
CO2 [0.00–18.00] % vol 0.01% vol
HC [0–9999] ppm vol 1 ppm vol

NOx [0–5000] ppm vol <1 ppm vol

All the parameter data were saved in a computer that stores the values measured
throughout the test at a rate of 10 Hz. It should be noted that the experimental activity was
designed with reference to the test methods defined by the standards, for both the NEDC
and WLTP.
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The NEDC and the WLTP tests were performed assuring the same initial condition
and were repeated three times. The presented values correspond to the average of these
three tests. The fuel consumption results for the same condition (fuel) present a variability
below 1%. If any test presented a higher value, it was discarded, and that test was repeated.

The performance tests present an accuracy of at least 2% concerning the measurement
of power and torque. Although, for each sample of fuel, the results also present the average
of three measurements considering a maximum variation of 1% between comparative tests.

3.2. Vehicle

The vehicle used in the tests is equipped with a 103 kW engine, supplied with a
common-rail injection system [31]. The engine specifications are detailed in Table 2.

Table 2. Engine specifications.

Engine type: 4-cylinder with 16 valves

Engine code: CBAB

Year of manufacture: 2008–2012

Turbocharger: Variable geometry turbocharger (TDI)

Engine capacity (cm3): 1986 (2.0)

Bore (mm): 81

Stroke (mm): 95.5

Compression Ratio: 16.5

Power Max (kW/rpm): 103/4200

Torque Max (Nm/rpm): 320/1750–2500

Fuel Injection System: Common-rail piezoelectric injectors

Injection Sequence: 1-3-4-2

Injection Pressure (bar): 230–1800 bar

Idle Speed (rpm): 830 ± 100

In addition to the specifications, the engine in question and certain surrounding
devices have some peculiarities that can influence the combustion behavior, engine perfor-
mance, and/or the resulting emissions. These factors become crucial in comparing results
obtained through different vehicles. Therefore, the following are some characteristics of
the system considered relevant [31]:

- The piezo injectors (very precise) assume a vertical and centered position relative to
the cylinder, in order to spray in the center of the piston. Furthermore, the injection
moment and the injection pressure are parameters controlled according to the engine
load and rotation, and the pressure can reach 1800 bar, which greatly favors the
air–fuel mixture and there are pre-injections and post-injections, in addition to the
main injection.

- The system is equipped with two EGR valves associated with different circuits: high
pressure and low pressure. The high-pressure circuit directs part of the gases released
by the engine directly to the intake, having its line of action at low loads and engine
speeds. The low-pressure circuit guides part of the exhaust gases to the particulate
filter outlet for the intake of the turbocharger.

- The exhaust system of the vehicle used in the tests has a catalytic oxidation converter
and a particulate filter. The particle filter is located very close to the engine, immedi-
ately after the oxidation catalyst. As a result, the temperature may be increased, which
aids in the system’s optimal working. Thus, in addition to helping ensure effective
regeneration, the amount of fuel inherent to post-injections to increase the temperature
is reduced. It is important to note that the oxidation catalytic converter is accountable
for transforming hydrocarbons (HC) and carbon monoxide (CO) (polluting gases)
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into water and carbon dioxide (CO2) and, the particulate filter enables the conversion
of soot to CO2.

The emissions measurement point selected was at the end of the exhaust system
pipe, which means that the obtained values correspond to the typical use of the vehicle,
considering the actuation of the exhaust treatment systems.

3.3. Fuels

Biofuel and pure diesel are fuels with different physical and chemical properties
(Table 3). The biofuel was obtained through the esterification of used cooked oils (UCO)
and the HVO was obtained through the synthetization of biomass residues.

Table 3. The properties of the fuels used to carry out the tests (adapted from [30,32–34]).

Diesel FAME HVOUnits
Test Method B0 Test Method B7 B15 B100 Test Method HVO15 * HVO100

Cetane number ASTMD6890 52.0 * IP 617 52.1 [32] 52.2 * 53.7 [33] ASTMD6890 55.5 79.5 [30]

Density at 15 ◦C kg/m3 EN ISO 3675
EN ISO 2185 833.3 * EN ISO 12185 837.6 [32] 840.6 * 882.3 [33] EN ISO 3675

EN ISO 12185 834.6 780.6 [30]

Viscosity at 40 ◦C mm2/s - 2.7 * EN ISO 3104 2.8 [32] 3.0 * 4.7 [33] EN ISO 3104 2.7 2.9 [30]
Lower Heating

Value (LHV) MJ/kg ASTM D240 43.0 [34] ASTM D240 42.6 [34] 41.9 [34] 37.2 [34] - 43.2 44.1 [32]

* obtained by interpolation.

The mixture of these substances in different proportions gives rise to fuels with prop-
erties whose values vary between the corresponding properties of their base constituents,
depending on each one’s percentage.

Knowing these properties theoretically allows foreseeing the combustion behavior
and consequently, presupposing the implications of the transition between fuels, both in
polluting gas emissions, as well as in the consumption and performance of the engine.

It should be noted that the HVO100 fuel was not used for the study; however, it was
necessary to identify its properties to estimate the properties of HVO15.

4. Results and Discussion

Subjecting different fuels to the same usage condition in vehicles is perhaps the best
way to test the viability of a fuel and to understand the benefits inherent to its use, compared
to others.

In the present study, the same vehicle was fueled with different fuels and analyzed
through power tests and reproductions of the NEDC and WLTP test cycle. The fuels
used represent mixtures with different percentages of biofuels and biofuels from different
generations. Since all fuels are subjected to the same test under standardized conditions, it
is possible to verify the influence of biofuels on performance, consumption, and emissions
from the engine. It is important to understand the differences caused by the introduction
of the new WLTP face to the oldest NEDC, which was the test procedure considered for the
homologation of the significant majority of vehicles circulating at present.

4.1. Fuel Consumption and Gaseous Emissions

As mentioned in Section 3.1, the fuel consumed in the reproduction of the test cycles
(NEDC and WLTP) was determined by measuring the fuel mass in the initial and final
phases of the test. The difference between the measured mass values corresponds to the
mass of fuel consumed.

4.1.1. Mass of Fuel Consumed

As mentioned in Section 3.1, the fuel consumed in the reproduction of the test cycles
(NEDC and WLTP) was determined by measuring the fuel mass in the initial and final
phases of the test. The difference between the measured mass values corresponds to the
mass of fuel consumed.
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In view of the analysis of the graph presented in Figure 2, the most prominent verifica-
tion consists of the similarity of the evolutionary behavior in the two cycles, demonstrating
a clear trend in consumption according to the fuel used. This clearly reveals that the
use of different homologation cycles does not introduce significant differences in the fuel
consumption results for the different fuel blends. The increase in consumption when using
B100 fuel is evident and significant. On the other hand, B7 fuel has the lowest amount of
fuel mass consumed, being even lower than the consumption obtained with the use of
pure diesel. The B100 fuel has a lower calorific value than the calorific value of the other
fuels tested, corresponding to energy stored in the fuel that is also lower. Therefore, to
achieve the same amount of energy in combustion, the consumption will necessarily have
to increase, penalizing the efficiency of energy conversion.
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The use of HVO15 presents an insignificant increase in fuel consumption, which is
confirmed in both test cycles. B15 presents a small increase in fuel consumption, above 1%
in mass. It is interesting to note that the higher density of B15 allows attaining a similarity
among the fuel consumption in a volumetric analysis.

Following the same line of thought, the use of B7 fuel would have to translate into
a consumption higher than the consumption of pure diesel, since its calorific value is
lower than that of B0. However, as the B7 fuel corresponds to a fuel mixture with only 7%
biodiesel, the difference between the calorific powers of B0 and B7 is very small. The com-
bustion quality is highly correlated with the amount of fuel injected requirements to give
the necessary energy demands and, subsequently, to the energy conversion efficiency. The
energy conversion efficiency is relative to the relationship between specific consumption
(“sfc” in g/kWh) and the calorific value of a specific fuel (“LHV” in kWh) [35].

ECE =
1

sfc
3600×1000 × LHV

× 100 (1)

The quality of combustion and consequently the emissions associated with it is closely
linked to the efficiency of energy conversion. Biodiesel has a lower calorific value than
pure diesel; at the outset, its use would result in an increase in energy conversion efficiency,
since the calorific value is in the denominator. However, as previously mentioned, the
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calorific value reflects the energy involved in the combustion process, so a lower calorific
value implies the need for a larger amount of fuel for the same level of energy involved. If
the calorific value decreases considerably, the amount of fuel injected into the cylinder will
rise, also impairing the energy conversion efficiency.

In short, for the energy conversion efficiency to reach its maximum value, it is neces-
sary to have a balance between the calorific value and the specific fuel consumption (sfc).
Therefore, not only the calorific value of biodiesel but all the other properties (viscosity,
density, cetane number, oxygen in the molecular formula, ignition advance) play a role for
more efficient combustion, and for lower blends, where the energetic content of the fuel is
not significantly reduced, the other properties’ contributions prevail. This could lead to
more efficient combustion, therefore, leading to a reduction in the necessary fuel. It should
be noted that the application of fuel that means less consumption produces the lowest
CO2 emissions. This is in accordance with the expectations since there is a connection
between these two quantities: the consumption of a greater amount of fuel leads to a higher
CO2 emission rate. This should be confirmed in Section 4.1.5, where the CO2 emissions
were analyzed.

4.1.2. Carbon Oxide (CO)

Carbon monoxide (CO) is a gas that results from incomplete combustion, caused by
a lack of oxygen or very short combustion reaction times. Therefore, the emission of this
gas becomes more relevant in engines that operate with rich mixtures, where the amount
of oxygen available for carbon atomization is smaller [35]. Since the engine used in the
experimental activity corresponds to an engine that operates with lean mixtures (diesel),
the emission of this gas would not be a concern at the outset. However, an analysis becomes
decisive given that carbon monoxide (CO) is very dangerous, causing severe and often fatal
intoxication. Hemoglobin of human blood presents a higher affinity for CO taking oxygen
place and make it transported to all parts of the body, causing severe asphyxiation [36].

Biodiesel consists of a greater amount of oxygen in its molecular structure (oxygenated
fuel) and is equipped with a higher cetane number when compared to simple diesel.
Theoretically, these properties improve the combustion capacity, consequently reducing CO
emissions: the greater number of cetane allows “an advance of the mixture’s inflammation,
reducing the possibility of rich mixing zones” and in turn, the oxygenation of the fuel itself
increases the amount of oxygen available for carbon atomization [37].

By analyzing the graphic shown on the bellow of Figure 3, it is possible to verify
the theoretical trend in emissions resulting from the NEDC test cycle. In the values
presented for this cycle, a reduction in CO emissions becomes visible due to an increase
in the percentage of biodiesel, with this reduction being more evident in the extra-urban
cycle. This effect makes sense at a theoretical level since at high speeds the reaction
time for combustion becomes shorter and the advantage of having oxygen present in the
constitution of biodiesel becomes more noticeable.

Most of the phases of both test cycles show an increase in CO emissions during the
transition from B15 fuel to HVO15 fuel. This effect is contrary to what is theoretically
expected. Since HVO is a fuel with a higher number of cetane, lower density, and higher
calorific power when compared to pure diesel and FAME itself, the quality of combustion
from the use of HVO should lead to a reduction in CO emissions.

In the CO emission values for the WLTP test cycle, only the High-Speed Cycle follows
the previously mentioned trend. The remaining phases of this cycle do not follow a
unanimous trend, even presenting an increase in CO emissions in the Average Speed Cycle
with the use of biodiesel (however, it does not show proportionality with the percentage
used). This effect may result from the dynamics of the cycle itself since the WLTP test cycle
is composed of more frequent and abrupt changes in speed. When increasing the applied
load, the amount of fuel injected will necessarily have to be greater; on the other hand, the
calorific value of biofuels is less than the calorific value of pure diesel. Since the calorific
value “represents the amount of energy stored in the fuel and that can be released in the
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combustion process” [37], a lower calorific value implies a greater amount of fuel injected
to achieve the same amount of energy.
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The amount of fuel injected with biodiesel is, therefore, higher, and as the specific
consumption increases the air/fuel ratio will decrease, evolving to a greater oxygen deficit.
Since we are facing the imposition of richness in the mixture, the oxygen present in biodiesel
will not be sufficient to be significant thus increasing CO emissions.

An article published by T. Kaya et al. [35] describes the production of a study like the
one presented in this report. Regarding CO emissions, these authors obtained a reduction
of values both in the substitution of diesel for biodiesel as well as in the exchange of the
test cycle used from NEDC to WLTP.

On the left of the graphic presented in Figure 3, it is possible to perceive the effect
described by the authors in some specific cases; for example, if we exclusively highlight
the extra-urban phase of the NEDC cycle and the high-speed phase of the WLTP cycle.
However, the combined cycle (which includes all phases of the cycle in question) does not
demonstrate the trend mentioned by the authors, as it presents higher emission values
for B7 compared to B0 (in any of the cycles) and higher emission values for B15 in WLTP,
compared to the value obtained in NEDC.

It should be noted that the values of CO emissions obtained through the tests, what-
ever the cycle used, are extremely low since it is the analysis of a diesel engine. The order
of magnitude of the values obtained is equivalent to the order of magnitude of the ana-
lyzer’s uncertainty, so the uncertainty of the results and, consequently, of the conclusions,
is considerable.
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4.1.3. Hydrocarbons (HC)

Hydrocarbons are compounds originated by the reaction of carbon atoms with hydro-
gen atoms and are part of the group of main air pollutants.

Hydrocarbon emissions, similarly to CO emissions, result from incomplete reactions
which have already been mentioned, are the result of a lack of oxygen or a very short
combustion reaction time [37]. The fact that these gases come from the same source justifies
the similarity of the behavior of their emissions in relation to the variation of the fuel used.

Theoretically and as mentioned, the properties of biodiesel lead to more complete
and efficient combustion since a greater number of cetane allows an advance in the ig-
nition, dissipating possible rich mixing zones inside the cylinder and the presence of
oxygen in its molecular formula decreases the possibility of oxygen deficit, necessary for
complete combustion [37].

Since these emissions are only linked to the whole completion of combustion, a
higher percentage of biodiesel in the fuel mixture corresponds, supposedly, to a reduction
in emissions.

When analyzing the graph shown on the bellow of Figure 4, it is possible to verify
that the results do not correspond to the theoretical foundations.
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This effect could be justified, as described in the previous sections, by the fact that the
calorific value of biodiesel is lower than the calorific value of pure diesel.

Since a greater amount of fuel is needed to achieve the same amount of energy in com-
bustion, the oxygen present in the biodiesel molecule may not be enough to compensate for
the enrichment of the mixture, thus creating an oxygen deficit and consequently increasing
HC emissions.

However, the distribution of the values shown in the percentage difference graph
shows an interesting trend in all phases of both cycles. When comparing the results
obtained through the variation of the fuel used, the values resulting from the use of pure
diesel are the only values that do not agree with the theoretical foundations. If B0 is
excluded from the analysis, HC emissions are continually reduced due to an increase in the
percentage of biodiesel in the fuel mixture. This may reveal a measurement error either
from the process or from the measurement equipment itself, in the tests produced using B0.

Contrary to what was seen in CO emissions, the values obtained from HC emissions
reflect a reduction in emissions in view of the transition from B15 fuel to HVO15 fuel. As al-
ready justified, this effect is consistent with the expectations, since the higher calorific value,
lower density, and higher number of cetane from HVO give it a better combustion quality.

The work published by T. Kaya et al. [35], also reports a behavior in HC emissions
similar to the behavior of CO emissions, that is, a reduction in their value both in the
replacement of diesel with biodiesel and in the exchange of the test cycle used, from NEDC
to WLTP.

4.1.4. Nitrogen Oxides (NOx)

Nitrogen oxides (NOx) result from the chemical reaction between a nitrogen atom
and one or more oxygen atoms. Only two of its constituents, nitrogen monoxide (NO) and
nitrogen dioxide (NO2), are considered primary pollutants, of which nitrogen monoxide
assumes the highest percentage of emissions in this family. However, NOx is analyzed as
a whole. Firstly, due to the ease with which a nitrogen oxide, in the presence of oxygen,
reacts with that atom or molecule, changing its molecular formula. Second, although
most NOx do not correspond to primary pollutants, their reaction with volatile organic
compounds and the presence of solar radiation results in ozone (O3) which when present
in the troposphere can be harmful to health [38,39].

Part of the emissions of these gases, which are released into the atmosphere, result from
natural agents, namely electric discharges, or microbial transformations in the soil; however,
the vast majority of emissions originate from burning fossil fuels at high temperatures,
mainly from the industrial and transport sectors [38,40].

Respiratory problems, acid rain, and detriments to photosynthesis are consequences
of the excess of nitrogen oxides in the atmosphere, so the implications of emissions of these
gases are significant at an environmental and human level [38,40].

Among several articles and published laboratory tests, NOx emissions are perhaps the
most controversial results among authors. This variability of results comes essentially from
the considerable extension of parameters that influence the emission of these gases. High
temperatures, particularly in combustion, represent the main cause associated with the
formation of NOx. Clearly, there are conditions that affect the development of these gases
in advance, such as the type of engine considered and the corresponding type of injection,
the existence of exhaust gas recirculation (EGR), the regime to which the engine was
subjected, and the conditions of the tests to which it was subjected. However, other more
specific parameters can affect, directly or indirectly, the production of these compounds:
the amount of oxygen available in combustion, the properties of the fuel used (from its
cetane number, atomization capacity, viscosity, density, even to its molecular formula), the
instant of injection and its progress [37].
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The analyzed papers published by other authors reveal some interesting and coher-
ent conclusions about NOx emissions. However, the results obtained in the face of the
variation of the fuel used are inconsistent. The various authors of one of the analyzed
articles [41] concluded, first of all, that all the fuels tested resulted in a NOx emission that
is in accordance with the established standard. By making a differentiation between NO
and NO2 emissions, through isolated measurements, it was possible to identify a consid-
erable increase in the percentage of NO2 emitted, in relation to what was hypothetically
expected; this effect is justified by the use of a diesel engine since it works with poor
mixtures and consequently with excess oxygen. In addition to these checks, they achieved
a reduction in NOx emissions through the use of fuel mixtures with a higher percentage
of biodiesel. Furthermore, they associated this reduction with an improvement in energy
conversion efficiency since biodiesel has a higher viscosity than pure diesel. In turn, and
contrary to previous authors, Kaya et al. demonstrate in their article [35] a slight increase
in NOx emissions, in view of the use of higher percentages of biodiesel in the fuel mixture.
Nonetheless, the most relevant conclusion reached by these authors is based, not on the
direct consequences of the fuel variation, but on the evolution of the emissions of these
compounds in response to the variation of the regime applied to the engine. Therefore, it
was possible to see a considerable increase in these emissions as a result of the transition
from the NEDC cycle to WLTP. This effect was justified by the dynamics of the test cycles,
since the WLTP cycle adopts peaks and speed variations that are more pronounced when
compared to the NEDC cycle, increasing the temperature inside the cylinder.

The graph shown on the bellow part of Figure 5 corresponds to NOx emissions
depending on the fuel used. When analyzing its distribution, it becomes clear that an
increase in speed implies an increase in NOx emissions. Furthermore, the graphic proves
that the production of the WLTP cycle results in higher NOx emissions than the production
of the NEDC cycle. These findings, in addition to being consistent with the defense of
the authors Kaya et al. [35], are theoretically consistent. A speed increase implies the
injection of a larger amount of fuel. In turn, an increase in the amount of fuel inside the
cylinder gives rise to an increase in the combustion temperature. As previously mentioned,
NOx emissions are closely linked to the combustion temperature, so an increase in this
temperature leads to an increase in emissions of these pollutants. Since the WLTP cycle
is equipped with higher peaks of speed and more abrupt speed variations, the amount
of fuel involved in the course of the cycle is also higher, reaching the highest combustion
temperature and consequently more important deviations.

The optimization of energy conversion efficiency translates into more complete and
efficient combustion, which reduces NOx emissions. Generally, this is coherent with the
results achieved with the application of low percentages of biodiesel in the fuel mixture,
on the order of 10–20%.

Biodiesel has properties that influence NOx emissions in a contradictory way, which
makes its use paradoxical in this field. On one hand, having a lower calorific value
reduces the combustion temperature and consequently NOx emissions. On the other
hand, it has a higher cetane number than pure diesel and its molecular formula contains
oxygen, which improves combustion and consequently the temperature inside the cylinder
increases. Furthermore, the higher viscosity and density of biodiesel promote greater
injection penetration, ignition advance, and pressure increase in the cylinder, resulting in
an increase in combustion temperature [37].

When analyzing the graph shown on the right of Figure 5, relative to the percentage
differences in NOx emissions between the mixtures and the B0, it is possible to see a
trend coherent with the theoretical expectations. The use of B7 fuel resulted in a slight
increase in NOx emissions, which makes reasonable accordance with the higher energetic
efficiency revealed with this fuel. Since we are dealing with a mixture consisting of a
very low biodiesel percentage, the reduction in the calorific value of this fuel compared to
pure diesel is very thin. However, it is a sufficient percentage for the consequences of its
properties to be noticeable.
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Optimization of energy conversion efficiency is achieved with the use of B15 fuel, so
its application has resulted in a reduction of NOx emissions.

The highest emissions come from using B100 fuel. This is because the calorific value
of this fuel is significantly lower when compared to the other fuels analyzed. Since there
is lower energy available in this fuel, it will be necessary to use a greater amount of fuel
to achieve the same amount of energy, reducing the efficiency of energy conversion. As
previously mentioned, a greater amount of fuel means an increase in temperature inside
the cylinder, consequently increasing NOx emissions.

Figure 5’s graph reveals yet another intriguing tendency. The percentage differences
between NOx emissions obtained through different fuels are more relevant in low-speed
regimes than in high-speed regimes. The same is true between the cycles tested, with the
percentage differences standing out more in the NEDC cycle, compared to the WLTP cycle.
This makes some sense due to the viscosity and density properties of the fuels. The WLTP
cycle contains higher speed points and more abrupt speed variations, which translates
into an increase in engine temperature. Following the same logic, the combustion temper-
ature associated with a high-speed regime is higher than the temperature at low speeds.
Since the combustion temperature is already high, by the regime itself, the properties of
biodiesel, namely the higher viscosity and density, do not manifest such a marked effect on
combustion, that is, they contribute to the increase of the combustion temperature through
the highest pressure, but not in such an obvious way.



Fuels 2021, 2 463

4.1.5. Carbon Dioxide (CO2)

Carbon dioxide, called CO2, corresponds to one of the most relevant gases (if not the
most relevant) in the so-called greenhouse effect. Its exponential growth in the Earth’s
atmosphere has become an increasingly urgent concern and it is essential to act on the
maximum number of agents producing CO2 emissions.

The graphs shown on the left of Figure 6 correspond to CO2 emissions according to
the fuel used. The difference between the graphs is based on the units of measurement in
which they are presented: the values of the first graph are in the percentage of the volume
of the exhaust gases and the values of the second graph are in grams per kilometer. Thus,
the interpretation of the values obtained becomes more effective.

In view of the two graphs, representing the same emissions in different units, it is
possible to perceive a very curious detail. When CO2 emissions are represented as a
percentage of volume, the evolution of both cycles leads to an increase in their values
due to the increase in speed. Conversely, when CO2 emissions are in grams per kilometer
(g/km), the increase in speed over the cycle translates into a reduction in emissions. At first
glance, this effect may seem inconsistent. However, if the driving characteristics, namely
the speed at which the vehicle is traveling, are accounted for, this effect makes some sense.
The reason is that at high and extremely high speeds, the time in which a kilometer is
traveled is significantly lower than the corresponding time at low speeds, that is, emissions
per time unit are higher at high speed. When counted per kilometer, the time varies.

Among several published articles and laboratory tests, the behavior of CO2 emissions
is not unanimous. A test produced at the Vehicle Emissions Laboratory “VELA” [22]
obtained results that demonstrate the reduction of CO2 emissions when using higher
percentages of HVO, based on the WLTP test cycle. The article published by Kaya et al. [35]
presents a contradictory result when using fuel from a mixture of diesel with FAME; in
this case, the test resulted in an increase in CO2 emissions, not only with the addition of
30% biodiesel in pure diesel but also in the transition from the NEDC to WLTP test cycle.
Another previous work done by the authors of [41,42] confirms these results when it also
obtains an increase in CO2 emissions with the mixture of FAME in pure diesel, having
reached its maximum emission value with the use of B7.

When analyzing the graphic of Figure 6b, that was obtained from the results of
Figure 6a, it is possible to verify that the results show some agreement with the theories
of the referred authors, but mostly reveal a controversial character. In view of the NEDC
Combined Cycle, CO2 emissions increase their value with the use of mixtures with a
percentage of biodiesel, except with B7 fuel. This is justified by the effect of energy
conversion efficiency, which, as already mentioned, establishes a relationship between the
specific consumption and the calorific value of a given fuel, reaching its maximum value
at a point of greater harmony between these two parameters. In this case, the balance of
values occurred with the use of B7.

The evolution of CO2 emissions over the WLTP test cycle is also consistent. Biodiesel,
due to its chemical composition, contains a greater amount of oxygen. At high speeds,
the reaction time for combustion in the cylinder becomes shorter and may not even be
enough for combustion to complete. The oxygen that biodiesel itself contains contributes
to better combustion, reducing CO2 emissions at high speeds, as shown in the WLTP Very
High-Speed Cycle. In contrast, at low speeds, CO2 emissions from the use of biodiesel
tend to be higher than emissions from the use of pure diesel, as shown graphically. This
effect is justified, as already mentioned, since the calorific value of biodiesel is lower
than the calorific value of pure diesel, requiring a greater amount of fuel injected into the
cylinder. As the specific consumption increases, the energy conversion efficiency decreases
(Equation (1)), causing an increase in CO2 emissions.
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4.2. Performance Test
4.2.1. Engine Performance (Power and Torque)

It should be noted that all graphic lines representative of the power and torque
resulting from the power tests follow the trend specified in the engine manufacturer data,
which makes feasible to reproducing the tests.
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Based on the results, it is easy to see that both power and torque adopt considerably
lower values throughout the test when using B100. This difference is not so evident when
the percentage of biofuel in the mixture is reduced. In fact, at low speeds (≈1250 rpm),
engine performance slightly increases when using fuel mixes with a low percentage of
biofuel. Characterizing this by values, the use of B100 represented a maximum decrease of
12.1% in power (3.9 kW in 32 kW) and 12% in torque (29.4 N·m in 245 N·m), occurred in
low regimes; there was no increase in performance in any regime with this fuel. In contrast,
the use of B7 represented a maximum increase of 2% in power (0.7 kW at 35 kW) and
2.1% in torque (5.2 N·m at 248 kW) at low speeds; however, at high speeds, it revealed a
slight deficit in engine performance (0.6% in power and torque, that is, 1 kW and 2.4 N·m).
HVO15 fuel showed a similar influence to B7 fuel.

4.2.2. Specific Fuel Consumption

Based on the results, the use of B100 fuel translates into a specific consumption
considerably higher than that of other fuels, especially in low regimes, which makes sense
with all the justifications given up to this point.

In a global assessment, the lowest specific consumption is achieved with B15 fuel,
which is also not surprising because of the energy conversion efficiency mentioned through-
out this manuscript.

The performance test considering the different fuels in the engine allows achieving the
results represented in Figure 7a–c. The similarity of the curves is evident and, as expected,
the B100 is the only curve that is detached from all the others. It is also noticeable the
increase in specific fuel consumption revealed by HVO15, which is probably explained by
the lower LHV of this fuel.
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5. Conclusions

The tests mentioned in this article, produced on a chassis dynamometer, focus on
obtaining values related to fuel consumption, pollutant gas emissions, and vehicle performance.

Through the study, it is feasible to confirm various tendencies that are consistent with
the theoretically predicted results: The fluctuation in fuel consumption and CO2 and NOx
emissions, through the tested fuel mixture, reflects with some consistency the importance of
energy conversion efficiency. The properties of biofuel, namely FAME, have contradictory
consequences for some emissions and fuel consumption. On one hand, having a higher
number of cetane and being an oxygenated fuel improves the combustion quality, reducing
CO2 emissions and consumption itself; on the other hand, it has a lower calorific value, that
is, a greater amount of fuel is needed to obtain the same energy available in combustion,
which increases consumption, CO2 emissions, and combustion temperature, the main
cause of NOx emissions. Furthermore, the fact that it has a higher viscosity, although it is
an advantage in the lubrication of the engine’s injection components, increases the injection
pressure and, consequently, the temperature inside the cylinder, thus negatively affecting
NOx emissions. Hence, it is concluded that the most favorable condition for the reduction
of emissions and consumption is the search for a fuel mixture that optimizes the balance
between calorific value and specific consumption, in order to maximize the efficiency of
energy conversion.

If pure diesel is excluded from the analysis, there is a reduction in CO and HC emis-
sions with the increase in the percentage of biofuel in the applied mixture. Since these
emissions come from incomplete combustion, this makes perfect sense at a theoretical level.
This effect comes from the greater amount of oxygen present in the chemical composition of
the biofuel and the greater number of cetane that is characteristic of it, thus facilitating com-
bustion. Moreover, the HC emissions resulting from the use of HVO15 are lower than the
emissions resulting from B15, which is consistent, since the greater number of cetane, lower
density, and greater calorific power provide HVO15 with a higher combustion quality.

The transition from the NEDC test cycle to the WLTP cycle reflects the continuous
search by experts to optimize the efficiency and rigor of the cycles adopted in vehicle
approval. This is because it is of the utmost importance that the analysis imposed on
the vehicle increasingly represents reality, in all its scope. CO and HC emissions did not
show significant differences and clear trends in view of the transition from the NEDC cycle
to WLTP. However, for the same vehicle, the application of the WLTP cycle allowed the
detection of higher NOx emissions, which can be justified by the greater test dynamics and
the higher speeds achieved. CO2 emissions assume lower values in the WLTP cycle. Fuel
consumption also assumed lower values in the WLTP cycle, when the mass consumed in
100 km is compared.

The engine performance and the specific consumption gain favorable positions with
the use of fuel mixtures with low percentages of biofuel, which is justified, once again,
by the efficiency of energy conversion. The lowest specific consumption is achieved with
B15 fuel, which is also not surprising due to the effects of energy conversion efficiency,
mentioned throughout this manuscript.

The main conclusions obtained in the present work are as follows:

- The use of B7 reveals a decrease in fuel consumption, which is detected with both
NEDC and WLTP cycles.

- The use of B15 can contribute to a small reduction of NOx emissions (at 8%). The use
of HVO15 in the NEDC cycle reveals a small decrease (−3%) in NOx emissions but
for WLTP an increase (14%) was measured.

- The variations in CO2 emissions are small and inside the uncertainty of the method,
so the only conclusion is that the use of biofuels does not penalize the CO2 emissions
in the combustion process. All the reduction of CO2 obtained in a well-to-tank
assessment determines the contribution of biodiesel to global warming mitigation.
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- The use of low biofuel blends does not penalize the performance of the engine and at
low speeds, where the engine is more frequently used, a small increase (2%) in power
was achieved for B7. In this low engine speed operation (1250 to 2250 rpm), a decrease
in specific fuel consumption was also detected for B15 (0.8 to 5.5%).

In view of all the verifications throughout the work, it is easily concluded that, in
addition to the already recognized advantages that biofuel production has in relation to
fossil fuel production, the use of fuel mixtures with a renewable component, in certain
percentages, makes it possible to achieve higher efficiencies and, consequently, better
performances and consumption, with lower emissions. Furthermore, the fact that for blends
of biofuels with diesel around 15%, the mixtures comply with the technical parameters of
EN590 (except for the maximum percentage of FAME) and are compatible with existing
fuel distribution infrastructure makes them a very practical and universal solution for the
rolling fleets. For this reason, the authors believe that these kinds of mixtures can play
an important role in the energy transition of existing diesel fleets. The following steps
will consist in studying more deeply the use of B15 and HVO15, considering on-road
and engine dynamometer tests. This is explained since it is expected that the increase of
biodiesel percentage in commercial diesel will be the direction, according to the directives
of the EU. Additionally, the introduction of biofuels with different origins from residues
will be the focus of a near-future work.
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