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Abstract: The electrification of the automotive fleet increases with every year. More and more automotive
manufactirers offers hybrid and electric vehicles on the market. It is considered that the hybrid vehicle would occupy a
high percentage of the fleet in the near future compared to the electric vehicle. The internal combustion engine in the
hybrid vehicle would still be a source of harmful emissions. An interesting and not fully researched question to this vehicle
type is the use of alternative fuels and biofuels. For this reason, the subject of this article is an overview of the available
literature. In conclusion after the analisys it can be said that the hybrid vehicles which use alternative fuels and biofuels
are more environmental friendly than the hybrid vehicles which use conventional fuels.
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INTRODUCTION

The electrification of the automotive fleet increases with every year. More and more automotive
manufacturers offers hybrid and electric vehicles on the market. It is widely believed that the hybrid
vehicles would occupy a high percentage of the fleet in the near future compared to the electric
vehicles. The internal combustion engine in the hybrid vehicles works at the Atkinson cycle and
operates mainly in its most efficient region. The engine can be switched on/off when is necessary
from the energy management system. The electric motor is used outside this region where the engine
has low efficient, high fuel consumption and emissions. The internal combustion engine in the hybrid
vehicles has less fuel consumption but it is still be a source of harmful emissions.

The automotive manufacturers conduct the emission tests in laboratories. From practical point
of view, however, more important are the real driving tests which include fuel consumption and
emissions. There are many authors who investigate the hybrid vehicles in real driving conditions and
also compare the results to the conventional vehicles. Most of them take into account the variables
which affect the performance of the vehicles such as vehicle configuration, driving style, traffic
conditions, energy consumption of the auxiliary devices, road altitude, ambient conditions, etc. The
researchers conduct the tests in urban, extra-urban and highway traffic conditions for fully
investigation of the hybrid vehicles. The investigations are done on petrol and diesel hybrid electric
vehicles.

The fuel consumption of the hybrid vehicles in comparison with the conventional vehicles
greatly depends from the vehicle speed. The hybid electric vehicles have about 65% and 50%
reduction of the fuel consumption in comparison with the conventional petrol and diesel engines for
average speed up to 10 km/h (high traffic conditions) and up to 20 km/h (low vehicle speeds)
respectively. According Orecchini et al. the reasons for this reductions are mainly several — the
thermal engine efficiency of the Atkinson cycle, the hybid subsystem which allows to run ZEV mode
for big part of time for average speeds up to 10 km/h (engine stop, engine never works idle),
powertrain management of the hybrid synergy drive system for average speeds up to 20 km/h (engine
never works idle or with low power, electric motor aid for transient conditions, engine stop in the
absence of power supply to the wheels) and the regenerative braking (Orecchini, F., Santiangely, A.,
Zuccari, F., Ortenzi, F., Genovese, A., Spazzafumo, G. & Nardone, L., 2018; Huang, Y., Surawski,
N.C., Organ, B., Zhou, J.L., Tang, O.H.H. & Chan, E.F.C., 2019). Increasing the speed the fuel
consumption of the petrol engine decreases and for average speeds over 50 - 60 km/h the fuel
consumption of the hybrid electric vehicles and the pertor/diesel vehicles is similar (Orecchini, F.,
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Santiangely, A., Zuccari, F., Ortenzi, F., Genovese, A., Spazzafumo, G. & Nardone, L., 2018;
Fontaras, G., Pistikopoulos, P. & Samaras, Z., 2008; Ivanov, Y., lvanov, R., Kadikyanov, G., Staneva,
G. & Danilov, 1., 2019). The fuel consumption is 31 — 48% higher than indicated in the technical
specification of the vehicle for the extra-urban driving conditions (lvanov, Y., Ivanov, R.,
Kadikyanov, G., Staneva, G. & Danilov, 1., 2019). Comparison of the fuel consumption of two hybrid
electric vehicles and one petrol vehicle in depends of the average vehicle speed is shown in fig. 1.
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Fig. 1. Comparison of the fuel consumption of two hybrid electric vehicles and one petrol vehicle in
depends of the average vehicle speed (Orecchini, F., Santiangely, A., Zuccari, F., Ortenzi, F.,
Genovese, A., Spazzafumo, G. & Nardone, L., 2018)

Ambient temperature has more significant impact on the fuel consumption of the hybrid electric
vehicles under real driving conditions in comparison with the conventional vehicles. The battery
capacity is reduced and the air density (aerodynamic resistance) is increased at lower temperatures
which affect the fuel consumption (Fontaras, G., Zacharof, N.-G. & Ciuffo, B., 2017; Alvarez, R. &
Weilenmann, M., 2012; Fontaras, G., Pistikopoulos, P. & Samaras, Z., 2008). Starting the engine at
lower temperature is another important parameter. The effect of the cold start at low temperatures is
more pronounced in the hybrid electric vehicles. The fuel consumption of the hybrid vehicles
increases between 30 and 107% at low temperatures in comparison with engine starts at high
temperatures (Fontaras, G., Zacharof, N.-G. & Ciuffo, B., 2017; U.S. Environmental Protection
Agency, EPA; Zahabi, S.A.H., Miranda-Moreno, L., Barla, P. & Vincent, B., 2014). This is much
more than the fuel consumption increase of the petrol and diesel vehicles (between 10 and 20%
increase at low temperatures). It is also necessary to note the requirement for fully charged battery
during cold stard at low temperatures. Otherwise certain amount of fuel would be used for the battery
charge and the fuel consumption would increase even more.

Key roles in the fuel consumption of the hybrid vehicle play the kinetic (braking) energy
recovery systems, the energy management systems and the battery in-use ageing. Hybrid electric
vehicle with higher efficiency kinetic energy recovery system and with properly designed energy
management system has lower fuel consumption (Orecchini, F., Santiangely, A., Zuccari, F., Ortenzi,
F., Genovese, A., Spazzafumo, G. & Nardone, L., 2018; Sabri, M.F.M., Danapalasingam, K.A. &
Rahmat, M.F., 2016). The kinetic energy recovery system is also affected by the low temperatures
(U.S. Environmental Protection Agency, EPA). The hybrid vehicle battery has lower total charge
output with increase of the mileage. Only fraction of the charge of the battery can be used with
increase of the number and depth of the in-use charge/discharge cycles (Alvarez, R., Schlienger, P.
& Weilenmann, M., 2010).
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The impact of the hybrid electric vehicles over the emissions is unclear in real driving
conditions. Some authors report higher emissions of the hybrid vehicles during real driving
conditions. Franco et al. report between 150 and 550% exceedance of the regulatory NOx emissions
and between 52 and 178% exceedance of the on-road CO, emissions of three diesel-hybrid vehicles
during real driving conditions (Franco, V., Zacharopoulou, T., Hammer, J., Schmidt, H., Mock, P.,
Weiss, M. & Samaras, Z., 2016). Huang et al. report no reduction of the HC emissions and higher
CO emissions of two petrol hybrid electric vehicles (Huang, Y., Surawski, N.C., Organ, B., Zhou,
J.L., Tang, O.H.H. & Chan, E.F.C., 2019). Another authors report lower emissions of the hybrid
electric vehicles during real driving conditions. O’Driscoll et al. report lower CO2 and NOx emissions
of petrol hybrid electric vehicle in comparison with Euro 5 and 6 petrol and diesel vehicles
(O’Driscoll, R., Stettler, M., Molden, N., Oxley, T. & ApSimon, H., 2018). Fontaras et al. report
lower CO2 emissions of diesel hybrid electric vehicle (Fontaras, G., Pistikopoulos, P. & Samaras, Z.,
2008).

An interesting and not fully researched question to this vehicle type is the use of alternative
fuels and biofuels which can reduce the emissions even more especially for higher vehicle speeds.
For this reason, the subject of this article is an overview of the available literature.

EXPOSITION

Hybrid electric vehicles and LPG

The LPG usage at the hybrid electric vehicles could be divided into the passenger vehicles, the
light-duty/commercial vehilces and the heavy-duty vehicles. The advantages of the LPG are several
— greener cleen burning fuel, cheeper than the petrol and diesel in many countries and it is widespread
available in the market. The combination of the hybrid electric vehicle and LPG engine could be very
promising but the range of the available LPG engines for hybrid electric vehicles is very small at the
present. Researches of LPG hybrid electric vehicles are also not available. Nevertheless, as examples
for LPG hybrid electric vehicles could be given Hyundai Elantra LPI-hybrid, Kia Forte LPI-hybrid,
Toyota Camry LPG-hybrid, Toyota JPN Taxi LPG-hybrid and are shown in figure 2.

Fig. 2. Examples of LPG hbrid electric vehicles — Hyundai Elantra LPI-hybrid, Kia Forte
LPI-hybrid, Toyota Camry LPG-hybrid (WLPGA, 2018)

It has to be noted that all automotive manufacturers of LPG hybrid electric vehicles state there
is significant reduction of fuel consumption and emissions but as was mentioned above there is not
conducted any scientific reseach of this type of the hybrid vehicles. Nevertheless, there is not-
scientific experiment done by the engineers from one of the LPG fuel system manufacturers. The
result are shown in fig. 3.
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Fig. 3. Comparison of the cost of several types of vehicles (WLPGA, 2018)

Hybrid electric vehicles and ethanol

Another option for use in the hybrid electic vehicles is the ethanol. The first and only up-to now
produced ethanol hybrid electric vehicle is Toyota Prius Hybrid FFV (flexible-fuel vehicle). It is
designed for the Brazil market where the ethanol is a widespread fuel since Brazil is one of the largest
producers of ethanol, mainly from sugarcone. The engine in the vehicle could operate with petrol,
with petrol/ethanol blends or with pure ethanol. The automotive manufacturer states there is also
significant reductions of the emissions (Toyota Motor Corporation, 2018). Fig. 4 shows the prototype
of Toyota Prius Hybrid FFV.

As for the LPG hybrid vehicles, there are not any scientific researches of the ethanol hybrid
electric vehicles in real driving conditions but there is just one simulation research of diesel-ethanol
series hybrid with LTC which indicate reduction of NOx and soot emisions but double increase of CO
and HC emissions (Garcia, A. & Monsalve-Serrano, J., 2019).

Wy

Fig. 4. Example of ethanol hybrid electric vehicle — Toyota Prius Hybrid FFV (Toyota Motor
Corporation, 2018)

Hybrid electric vehicles and biodiesel

Another type of biofuel which can be used in the diesel hybrid electric vehicles is the biodiesel.
There are not produced any hybrid vehicles which operates with biodiesel. Again as for the previous
two fuel types there is not any scientific researches of the biodiesel hybrid electric vehicles in real
driving conditions but there is one simulation research of this biofuel type used in the hybrid vehicles.
The simulation model describes the hybrid electric vehicle components with mathematical forms, it
uses the biodiesel made by cottonseed oil and evaluate the performance of the diesel hybrid electric
vehicle in urban driving conditions. The results show that the usage of the biodiesel in this vehicle
type contribute to reduce the emissions and increase the fuel economy (Mourad, M., Mahmoud, K.,
Mohamed, F. & Noah, A., 2014).

Hybrid electric vehicles and hydrogen
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The hydrogen is alternative fuel which could be used for both petrol and diesel hybrid electric
vehicles. This can happen mainly as additive to the conventional fuel. There are only two
investigations that are reported in the literature for both diesel and petrol hybrid electric vehicle.

There is simulation investigation for diesel hybrid vehicle that use 8% hydrogen addition by
volume. The hydrogen is injected in the intake manifold in the simulation model. The hydrogen
enriched diesel hybrid electric vehicle has better performance and emission characteristics in
comparison with the conventional diesel hybrid vehicle and the conventional diesel vehicle (both with
the same engine). The results show 4,26% improvement of the power and torque, 14,32% reduction
of the combined fuel consumption, 15% reduction of the NOx emissions and 33% reduction of the
CO:2 emissions in comparison with the conventional diesel vehicle with the same engine (Arat, H.,
2019).

There is another investigation for petrol hybrid electric vehicle that use 10% hydrogen addition
by volume. The investigation has been conducted by simulation. The simulation includes also the
Vibe combustion model. The result of the simulaton are compared to spark ignition petrol engine
which also has hydrogen enrichment. The hydrogen enriched petrol hybrid vehicle has better
performance and emission characteristics in comparison with the hydrogen enriched conventional
petrol engine — 2,38% increasement of the power, 3,6% increasement of the torque, 12,6% reduction
of the cumulative fuel consumption, 14% reduction of the NOx emissions, 29% reduction of the CO>
emissions and 33% reduction of the HC emissions (Arat, 2019). Nevertheless, a disadvantage of the
study is the chosen conventional petrol engine for comparison. It would be better if it was petrol
hybrid electric vehicle.

CONCLUSION

The hybrid vehicles would occupy a high percentage of the fleet in the near future compared to
the electric vehicles. The internal combustion engine in the hybrid vehicles has less fuel consumption
but it is still be a source of harmful emissions. In real driving conditions, the fuel consumption of the
hybrid vehicles depends from the average speed, the ambient temperature amd the level of
electrification. The impact of the hybrid electric vehicles over the emissions is unclear in real driving
conditions. Some authors report higher emissions while another authors report lower emissions.
Because of this reasons, the usage of the alternative fuels and biofuels is considerable.

Despite the few scientific researches, it can be concluded from the analysis that the hybrid
electric vehicles which use alternative fuels and biofuels are more environmental friendly than both
conventional vehicles and hybrid electric vehicles. Despite the reported advantages in the literature,
more studies need to be conducted to confirm the results from the available investigations.
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