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Abstract- The transportation division is a main cause of
worldwide carbon emissions and represents a significant
contributor to air quality issues, particularly in metropolitan
areas. To address the enormous carburization issues, the
transportation sector must embrace low-emission vehicle
technology. The team is presently developing a passenger electric
hybrid car with the goal of reducing the environmental pollution.
Hybrid electric vehicles (HEVs), which have a record of success
in lowering hydrocarbon usage, stand as an intermediary
technique between fully electric cars and internal combustion
engines. In the present work, the conventional gasoline car has
been tested on road at different trips condition. The gasoline fuel
consumption as well as the Sl engine emissions has been tested.
A complete Hybrid electric system has been impeded instead of
conventional driving gasoline engines and tested at a different
charging rate of the battery. A comparison between the tested
systems shows increased fuel efficiency as a key advantage of
using HEVs technology. However, there are still unresolved
issues about the system's energy reliability. HEVs emit up to 21.0,
5.8, 9.0-, and 23.3-times lower NOx, UHC, CO, and particle
number emissions than comparable gasoline vehicles. The
development of after-treatment systems, enhanced engine
management methods and the use of renewable fuels are
emerging as research strategic priorities.

Keywords: Hybrid electric vehicles; Emission; Internal
combustion engine; Gasoline fuel; Diesel fuel; Greenhouse gas
emissions

Several decades ago, researchers were seeking for applying
new technologies to improve car engine efficiency and
emissions [1, 2]. To achieve these goals low temperature
combustion has been applied with a new and renewable
resource of fuel was investigated [3-5]. Even using
nanotechnology as a new trained does not improve engine
performance and emission behaviors until now with an
acceptable level [6-8]. For that reason, the transportation
industry is one of the world's top-rising industries [9, 10]. The
transportation sector consumes about 30% of the world's total
delivered energy[11]. Most of the present transportation
system relies on liquid hydrocarbon fuels [12, 13]. It uses
about 60% of global oil demand and produces a huge amount
of excessive GHG and other air pollution emissions [14-16].
Road vehicles are consuming most of the transportation oil
demand[17]. It represents about 89% of transportation energy
demand in 2020 [15, 18]. Light-duty vehicles consumed the
highest amount of energy (57%) in the world as presented by
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the previous research [19, 20]. It is also predicted that the
number of vehicles will more than double by 2050 compared
with 2000 [21]. In European Area, the transportation industry
is largely blamed for the pollution of air in highly populated
urban areas. It is dependable for nearly a quarter of all CO
emissions and about one-third of overall energy consumption
[22, 23]. These air pollutants have a significant negative
influence on the ecosystem and people's health. New
legislation has been promoted and affected the European
transportation sector through Euro I-VI, which restricts
emissions of CO, HC, NOx, and particulate issues. As Euro
VI became into force, the focus is nowadays on CO;
emissions. The European Commission has set up a 130 g/km
of CO; target for 2015 and reduced it to 95 g/km of CO; in
2021 [24, 25]. Similar strategies have been enacted in other
automotive markets, such as the USA, Japan, and China[26].

With the ability to reduce greenhouse emissions and other
harmful emissions using technologies of hydrogen-fuel cell
vehicles, enhanced biofuel and internal combustion engine
(ICE) technologies as well as batteries in electric cars [27, 28].
Hybrid Electric powertrains are considered an attractive and
competitive transportation technology. It has been believed
the most liable and immediate choices by automotive
manufacturers due to its benefits of great energy saving and
low exhaust emissions producing. That is a suite for motorized
transportation in urban areas [29]. Hybrid electric vehicles
(HEVs), stand for an intermediate technology between
modern ICEs and fully electric cars [30]. With the help of the
electric motor, power HEVs are able to consume less fuel,
especially for vehicles used in an urban environment where
higher accelerations and lower average speeds[31, 32]. The
electric motor may be considered the primary mover as the
internal combustion engine runs at a lower efficiency point
under these conditions [7, 33]. So, the most important
property of hybrid vehicle systems is that fuel economy can
be noticeably increased to meet increasingly stringent
emission standards besides drivability requirements. Thus,
hybrid vehicles could play a vital role in saving the world's
environment and the problem of growing energy insecure
needs since the ICE isn't needed to run all over the trip [34].
Battery capacity, Electric Motor power limits, and grid charge
ability define several levels of electrification [35]. Hybrid
electric car can be classify like micro-hybrid, mild hybrid, full
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hybrid, or plug-in hybrid electric vehicles. Table 1 shows the
differences between types of hybrid electric vehicles.

The type of Plug-in HEVs (PHEVSs) is the ultimate
technology of HEVs. All functions and benefits of other
HEVs are been included at PHEVs. It can be recharged
directly from the electric grid which allows the integration of
a high-capacity battery and powerful EM to drive the vehicle.
By only running at high speeds, PHEVs make it possible for
the Internal Combustion Engine (ICE) to be used close to its
maximum efficiency. As a result, PHEVs have a larger
efficiency improvement margin than other types of HEVs.
[36]. By 2040, it is expected that the market deployment of
HEVs would increase up to 8% of all new automotive sales
due to limited petroleum supplies and future predictions of
fuel cost increases [37].

Over the entire fuel cycle, PHEVSs may produce less
greenhouse gas emissions than ICE vehicles and other types
of HEVs [36, 38]. Assuming that electricity for the grid can
be produced from a cleaner source than petroleum fuels [38].
PHEV greenhouse gas emissions could be reduced with a high
battery completed distance and a regular full charge. Despite
the fact that the amount of CO, produced by electric
generation largely determines this conclusion [39]. If the
electricity used to propel PHEVS comes from a zero-emission
energy source like solar, wind, hydropower, and so on, the

vehicle's greenhouse gas emissions could be close to zero [40].

The fuel consumption and pollutant emission certification of
combined PHEVs is a complicated challenge as it is related to
both overall efficiency and depletion rate, depending on the
trip distance[41].

The aim of this study is to examine the fuel saving and
emission reduction of PHEV compared to a conventional
vehicle. Measurement of fuel consumption and analysis of
exhaust gas emissions for the conventional vehicle with a such
desirable strategy depends on the selected route, road profile,
congestion level, and available information through Global
Position System (GPS), and PHEV impacts with analysis of
energy flow and getting useful insights into fuel consumption
reduction through the electrification level, with respect to the
vehicle additional price and lower running cost.

The actual amount of fuel consumed is tightly coupled with
the ability of the energy management system (EMS) to
maximize electricity use and optimize the overall system
efficiency. In practice, the fulfillment of optimal control of
PHEVs depends on basic information about the driving cycle,
which is needed to plan convenient battery depletion. The
laboratory tests used to determine the operating requirements
of HEVs typically expose significant benefits over regular
ICE cars, such as (20%-60%) fuel consumption reduction
(FCR) for the testing vehicle.

A commercial small hatchback car shown in figure 1 “Hafei
Lobo” has been used for measurements. The full technical
specifications are shown in Table 2. The car has been
modified and converted into a plug-in Hybrid-Electric
Vehicle. The engine has been swapped into an electric motor
that uses energy from the battery kit and electric generation
set. The vehicle has been modified to take in the hybrid-
electric system components after installing the measurement
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system in order to record all required data to assist the effect
of the charging rate of the battery on the whole vehicle's
performance and emissions behaviors. An electric motor-
generator with 6.5 kW maximum power has been installed
with a series of electric batteries and an electric motor to drive
the car. The system was equipped with an electric loading
panel which was used to load the battery at different charging
rates.

Fig. 1: Vehicle layout

Table 1: Comparison of hybrid electric vehicles types

Function or component Types of HEV
parameters Micro Mild Full Plug-in
Idle Stop/Start & & <& <&
Electric Torque - * L 4 L 4
Assistance
Energy Recuperation < * *
Electric Drive - - * *
Battery Charging (during ¢ ¢ * *
Driving)
Battery Charging (from *
Grid
Battery Voltage (V) 12-48 48-200 > 150 200-
400
Electric Machine Power 5 5-20 >40 80-150
(kw)
EV Mode Range (km) 5-20 30-100
CO2 Estimated Benefit 5-6% 7-12% 15-20% | >20%

Table 2: Vehicle Specifications

Item Description
Engine In-line, 4-cylinder, Twin cam, 16 valves, 1075cc
(MPFI) petrol engine.
Body/Seating 5 doors (Hatchback) / 5 adults
Transmission 5-speed manual transmission, front-wheel drive
Curb Weight 895 kg
- Front: Independent MacPherson strut
Suspension Rear: TraiFI)ing arm with coil spring
- Rack & Pinion with hydraulic power assist
Steering steering
Brakes Servo Front: Discs, Rear: Drums
Dimensions (mm) 3618 (L) x 1563 (W) x 1533 (H)
Fuel Tank 40 Liters
Curb Weight 895 kg

A. Pre-conversion

The vehicle has been modified and prepared to measure fuel
consumption and emission characteristics at different battery
charging rates. The conventional engine performance and
emission have been tested on the rod at different car routes.
To examine fuel consumption and exhaust emission
characteristics, some modifications, described as shown in
figure 2, have been required for the fuel system and exhaust
system such as:
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The fuel system has been modified using a calibrated
tank with a fuel pump with an external fuel filter to
provide the engine with commercial gasoline fuel
needed to drive the vehicle.

A small pipe system has been attached to the exhaust
system to collect some exhaust gases that flow through
the exhaust gas analyzer (BrainBee AGS-688).

To examine the essential characteristics of different modes
of driving, a basic driving route shown in figure 3 is created
for 10 km. The vehicle's First trip was driven at a constant
speed of 60km/h. 80km/h was the speed of the second trip.
Two more trips were done in midtown areas with moderate
and light traffic conditions on different routes as shown in
figure 4 and figure 5, respectively.

The fuel consumption volume in the calibrated tank was
recorded at the beginning and the end of each tested trip. Then
the difference between each value was calculated to get the
net fuel consumption. The sampling line was attached to the
vehicle exhaust pipe to supply gaseous emissions to the
exhaust gas analyzer which was installed in the cabin of the
vehicle. The exhaust gas analyzer data were recorded three
times during the trip. In the beginning, middle, and end of
every trip then the average values were calculated for each trip
data. All tests were done under steady-state conditions of the
engine when the coolant temperature reading was above 80 °C
before the tests.

Alm EIDin Mohamad, Mohamed Samadony, Ahmed Mohammed Elbanna, Ahmed M. S. M.

Fig. 2: Schematic diagram for car preparation

New Tanta - Karfr Elsheikh Rd, Sabarbay, Tanta, Drive 10.0 km, 7 min
Gharbia Governorate 6647104 to Kanisat Damshit, Tanta, Gharbia
Governorate 6647302

Google Maps

a

via New Tanta - Karfr Elsheikh Rd
Fastest route now due to traffic

7 min
10.0 km

Fig. 3: Route (1): Go for 10km
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Faculty of Engineering, Tanta University, RXGV+6P2, Drive 5.0 km, 15 min
b Tanta, Gharbia 6646210 to Q2P2+GQX,
El-Galaa, Tanta Qism 2, Tanta, Gharbia Governorate 6632062

| 4 ‘_17‘\

Google Maps

Faculty of Engineering, Tanta University
RXGV+6P2, Sabarbay, Tanta, Gharbia Governorate 6646210

Fig. 4: Route (2): Go and return, Total trip 10km

Faculty of Engineering, Tanta University, RXGV+6P2, Drive 9.9 km, 20 min
Sabarbay, Tanta, Gharbia Governorate 6646210 to El-Galaa, Tanta Qism 2,
Tanta, Gharbia Governorate 6632074

Google Maps

Faculty of Engineering, Tanta University
RXGV+6P2, Sabarbay, Tanta, Gharbia Governorate 6646210

Fig. 5: Route (3): Go for 10km

B. Conversion process

To convert the vehicle into a plug-in Hybrid-Electric
Vehicle, the engine has been swapped into a 10kW, 96V
induction AC motor with 140N.m. Maximum torque that uses
energy from 9.6kW/h deep cycle battery kit and 6 kVA
generator-set. However, the system energy flow for PHEV has
been described as shown in figure 6.

Vehicle construction has been redesigned and modified to
determine batteries and Genset locations. Also, the system
components have been technically distributed to achieve the
best weight distribution as shown in fig (7. a-d). The
suspension system was modified also to be suitable for the
new weight of the vehicle. In addition, the steering system and
braking system have been modified to give the best
performance without the conventional engine.

A new electrical wiring system, body control, and HEV
management system have been fabricated to meet the
modifications and measure battery voltage capacity,
charging/discharging current and better battery temperature.
It also manages the Genset (auto start/stop, auto
connect/disconnect the charger, and safely switch between
charging power sources).
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Fig. 6: Energy flow for PHEV

C. Post-conversion

The vehicle battery kit was first discharged by the external
load to 20% of its total capacity. Then, the batteries were
recharged using the Genset, and electric power stored in
batteries was measured. The increase in battery kit capacity
was recorded for every 350 mL of fuel consumed by the
Genset during the recharging process and exhaust gases were
also tested and analyzed. The complete system is shown in
figure 8. The gasoline fuel tank is fixed in the car roof and the
electric battery set is distributed after a static balance was
reached.

Fuel tank

indicator

Control unit

\
&,

Froat batter Middle battery
Generator

@)

Front battrey

¥ Exhaust system
_~"Rear battrey

©

Fuel consumption

Journal of Engineering Research (ERJ)

D. Measuring devices and uncertainty values

The emission analysis of UHC, CO, CO; and NOXx
emissions was measured by using the "BrainBee AGS-688"
exhaust gas analyzer. The engine air stream rate was
calculated by an airflow meter, where fuel consumption was
measured by calibrated tank and flask. Figure 9 shows the
qualifications, capacity range, and error of the Sl engine
"electric generator”, gas analyzer, and calibrated tank and
flask. The engine emissions were recorded at different test
conditions in the case of conventional car and the case of HEV
at different charging rate of the battery set.

The physical parameters of the engine have an effect on the
measuring data, resulting in uncertainty in the recorded
experimental data. To guarantee precision and accuracy, the
gathered data were the subject of mathematical calculations.
Equation (1) was used to evaluate the engine experimental
responses using uncertainty analysis.

Table 3 displays the elements of the equation. Table 4
delineates explicit fuel utilization, NOx, UHC, charging
power, speed, K-type thermocouple, wind current rate, fuel
stream rate, and nano amount vulnerability values.

[EHEEE

R
oX,

R =

Fuel tank

Electric motor

(b)

Frout Batteries _

/ harging control

Exhaust pipe

Rear Batterics “\_Batlery kit Charger

(d)

Fig. 7: Vehicle construction modifications; a) Side view of the vehicle showing the distribution of batteries and the location of the generator, b) Upper
view of the vehicle showing the location of Electric Motor and fuel tank, c) The distribution of vehicle components, d) Showing the measurement
pieces of equipment for fuel and electricity consumption
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Table 3: Elements of uncertainty analysis equation Table 4: Engine responses, operating parameters, and devices'

uncertainty values
Total Wi, Doubts of engine
WR 1 Uncertainty W2,........ ,Wn working parameters BFC 1% chgr?;;(ng 2%
R fReSL_Jlt X1, X2,........ s Sl Engine operating UHC +1.5% power +0.5%
unction Xn parameters therﬁ%gi e +0.14% speed +0.3%
Air flow rate +1.08% Output power +0.25%
Fuel flow rate +0.65%

_Front Batteries _

Fuel 'l'-.mk‘

Fuel Consumption indicator

Exhaust pipe/

Rear Batteries \,\\_\Battery kit Charger

Fig. 8: Schematic diagram of the test system

Item Geometry Specifications

In-line
4-cylinder
Twin cam

16 valves
1075cc
(MPFI) petrol engine

Max. power: 48 kW (65 bhp)
Best Fuel consumption: 22km/I.
Max. torque: 88 Nm

The engine of a conventional vehicle
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Model: SG6000-H
Max. AC Output(kW): 6.0
ELECTRIC SPECS.
AC Output Voltage(V): 230
Frequency (Hz): 50
Rated AC Output(kW): 5.5
MECHANICAL SPECS.
Power Factor: 1.0
Engine Type: OHV 4 Stroke; Air-cooled
Single Cylinder
Max. Power (HP)/rpm: 14.0/3600
Displacement Capacity(cc): 420

MEASURING FIELDS

co 0 + 999  %wol Res. 0.01

co, o + 199 %ol Res. 0.1

HC hexane 0 + 9999  ppmyal Res. 1

0, g + 25 % vol Res. 0.01

NO, 0 + 5000 ppm vol Res. 1
ambda 05 + & Res. 0.001

Revolutions

Inductance/capacitance S0+ %790 rPm hes:1¢

Oit temperature 0 + 150 °C Res. 1

Calibrated Tank

Calibrated flask

Fig. 9: System qualifications, measurement variety, and error of engines, gas analyzer, and calibrated tank and flask

I1l. RESULTS AND DISCUSSION
A. Charging profiles of the HEVs

Figure 10 shows the instantaneous battery charging rate
during the total charging period. If the electric motor is able
to meet the demand for car power, the engine won't work,
depending on the control strategy. Each mark on the X axis
represents a constant amount of fuel (= 350 mL) used over
a certain period of time to charge the battery. As time
proceeds, the increased percentage of battery charge
decreases for the same amount of fuel. Above 83% battery
charge, the generator begins to consume the major part of

https://digitalcommons.aaru.edu.jo/erjeng/vol6/iss5/16
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the fuel to work on idling and to preserve constant current
to the charger.

Figure 11 shows the instantaneous battery charging fuel
consumption (fuel consumed in mL to increase battery
charge by 1%) during the total charging period. Fuel
consumption during the charging process experiences three
different features. 1) First, when charging the battery to
reach 83%, the fuel consumption is low. 2) For the shaded
region (from 83% to 88 %) the fuel consumption starts to
increase and deteriorate the charging efficiency. 3) above
88%, most of the fuel consumed by the generator is used to
idle the engine.
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B. Effect of HEV Charging rate on Emissions
behaviors

HEV exhaust emissions variations during the charging
process are shown in figure 12. Figure (12. a) shows that
the highest level of CO, emissions was recorded at about
40% state of charge (SOC). CO emissions were increasing
along the charging period as shown in figure (12. b) because
of the decrease in the Genset engine load. Load decrease
was the main reason to generate less NOx at higher SOC as
shown in figure (12. c). Also, UHC emission profile is
described as presented in figure (12.d) and shows that UHC
rate was increasing along charging process.

C. Effect of Real-driving on fuel consumption

The real-driving performance of conventional and hybrid
vehicles under various driving conditions is compared in

184

. ‘I Low Charging Efficiency

Alm EIDin Mohamad, Mohamed Samadony, Ahmed Mohammed Elbanna, Ahmed M. S. M. Safwat: Effect of Battery Charging Rates for Electric Hy

Journal of Engineering Research (ERJ)

Figure 13. In half-loaded conditions, show similar patterns
of fuel consumption at 60 km constant speed and 80 km
constant speed: Midtown moderate traffic ranks highest,
followed by Midtown light traffic. This is determined by
driving style and road traffic conditions: Fuel consumption
is higher when driving aggressively and with a large vehicle.
However, table 5 lists the examined cases.

For conventional vehicles, midtown driving gets the
highest fuel consumption, which is about 32% higher than
highway driving. Four levels of fuel consumption of
constant-speed driving are 5.5 L/100 km for half-load
conditions, 9 L/100 k, and 14 L/100 km for high-load
conditions. For midtown driving for four periods, the fuel
consumption is 11 L/100 km, 7 L/100 km at half load, 18.5
L/100 km, and 15 L/100 km at full load conditions.

£
L
[
=
o
) High Charging
& Efficiancy
3 -
= ... Battery electricity increase
g for 350 mL
E W
g
L
o
e T T 1 T 1 T T 7
a 500 1024 1500 000 2500 000 500 4000
Fuel gauge [mL]
Fig. 10: Battery charging rate
§ aM :
5 ] i
B High Charging Efficiency dmmmm, | o)
e V] Low
g M - L Charging
= 1| Eficiency
3 ;
.k i |
E '
g _/
.
ﬁ g = - = = . [ - ]
] 10 1 n L ED ] )| 5 i
Barsiy Fully
e Pamentage of Batiery Charge [%] Charged

Fig. 11: Battery charging fuel consumption
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Fig. 12: HEV exhaust emissions variations during the charging process; a) CO, emissions, b) Co emissions, ¢) NOx emissions, d) UHC emissions
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Fig. 13: Fuel consumption

Midtown's low-speed period significantly increases the Table 5: Case description
total fuel consumption. The average speed of the midtown Fuel
period is around 20-40 km/h. This means the engine speed Case Speed o consumption (L)
, A number ndition Trip distance i T Rl

and load are quite low and BSFC is quite high in these Hhisis COICILONS & u

.- y . .. load load
conditions [42]. That’s why midtown driving gets the 60 km/h
highest fuel consumption for the conventional. For the Case 1 constant 10 km 0.55 0.9
hybrid, Hewu Wang et al [43], the examined fuel 8(S)p|fe(jh

P . PR m
consumption in the CS mode and electricity consumption in Case 2 constant 10 km 0.55 14
the CD mode for (PHEV) were compared. The average fuel speed
consumption in the CS is 5.1 L/100 km, and the standard Midtown
deviation of 0.50 L/100 km through driving cycles, whereas Case 3 mt‘;g:friite 10 km 11 1.85
the average electricity consumption in the CD mode is Midtown
16.04 kW h/100 km and the standard deviation is 1.09 kW Case4 | jight traffic 10km o7 15
h/100 km. Case 5 HEV Generating 6.05 21
: : charging kwW )
For our testing HEV vehicle, the Genset consumed 2.1 L
of fuel to charge the batteries with the amount of 6.05 kW Table 6: Percentage difference in reduction of fuel consumption
h of electricity raising its state of charge from 20% to 83% relative to HEV
within the high charging efficiency range. Since the vehicle FCRi FCRi
consumes 16.04 kW h/100 km[43], which means that it Case (i) Half Rl o haf | () Ful
consumes about 557 L/100 km. However, fuel fee el load load
consumption is 190 % lower than midtown moderate traffic HEV 3.9 42
at half-load conditions as described in table 5. At half load 60 km constant speed 55 9 29 533
and full Igad, the HEV consumes 3.8 and 4.$_I|ters of fuel 80 km constant speed 55 14 29 70
per 100 kilometers, respectively. Under conditions of lower Midtown Moderate
power demand and the hybrid vehicle could be powered by Traffic 1 18.5 645 773
an electric motor. As a result, HEVs consume less fuel than - - : :
. . . . Midtown Light

conventional vehicles because their engine restarts are less Traffic 7 15 443 7

frequent. The main difference between the tested cases was
compared in the table 6 as a conclusion to the obtained
results. Also, the fuel consumption reduction is calculated D. Effect of Real-driving on Real-driving emissions

by the following equation. ] . L .
Figure 14 depicts the CO2 emission profiles of

€ —F.C conventional and hybrid automobiles. Because the majority

Fuel Consumption Reduction, (FCR;) (%) = ;.Cim X100 of the fuel had been converted into CO2, the results for the
o conventional vehicle showed the same trends as the rates of

fuel consumption. Compared to other conventional

operation conditions, the case of constant speed (80 km/h)
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full load shows the highest CO, emissions. This amount of
CO; has been repeatedly reported in recent studies for
different vehicle types [44, 45]. However, the HEV shows
a higher reduction in CO; emissions since the dependence
on fuel is for the battery charging process.

In all of the test cycles depicted in figure 15, the hybrid
vehicle's CO emission factor is higher than that of the
conventional vehicle. HEVs require significantly more time
to warm up the engine for a number of reasons, one of
which is the frequent start-stop rather than continuous
running. Due to the enhanced fuel-air mixture, diminished
fuel vaporization, and incomplete combustion, the warming
period could significantly raise CO2 emissions. [46-49].
Due to the worse air-fuel mixture and incomplete

I e Him fized hat icad [ 650 o finec full oot [N HEV
I E0 Ko ficed hat boad [N £ Him fimed ful hoad

Journal of Engineering Research (ERJ)

combustion during re-start,
increases CO emissions [50].

When the vehicle travels at a speed of 80 kilometers per
hour, the instantaneous CO emission rises during times of
high engine load. The fuel droplets have less time to mix
and evaporate under high-speed conditions, resulting in
locally rich regions and incomplete combustion [51]. In
these locally rich areas, the CO formed during hydrocarbon
combustion was unable to fully oxidize into CO», which led
to high CO emissions. Figure 15 shows that during times of
high power demand, CO emissions spike. The hybrid, in
contrast to the conventional vehicle, will not immediately
start the engine when the tests begin.

frequent start-stop also

16

Trip Beginning

Trip mid

Trip finish

Fig. 14: CO, emission results

I 0 Ko fined it boad ([ ©0 Ko fixed full load [ HEV

B 0 K fised baif baad [ ED Km fisesd full load

Trip Beginning

Trip mid

Trip finish

Fig. 15: CO emission results

When the battery needs to be charged, the engine will
start. This indicates that the hybrid engine has no "Idle
period" and will immediately power the generator when it
is started. The hybrid's elevated cold-start emission spike is
due to this [52]. From figure 16, there are significant spikes
for the conventional and HEV operations. For a constant
speed of 60 km/h, the average NOx emissions are
1022,1669,1484,1839,840 ppm. Speed HL, 80 Km/h const
speed HL, constant 60 km/h speed FL, constant 80 km/h test
cases for speed FL and HEV, respectively.

https://digitalcommons.aaru.edu.jo/erjeng/vol6/iss5/16
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The NOx emissions of hybrid vehicles were clearly lower
than those of conventional vehicles in the tests. One reason

is that the vehicle is entirely driven by an electric powertrain.

As a result, the HEV engine requires less power than a
conventional engine, resulting in a lower in-cylinder
combustion temperature [44]. A high enough temperature
is one of the most important factors in the production of
NOx; therefore, a lower temperature results in a lower
production of NOx [36]. As depicted in figure 16, the hybrid

10
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vehicle's fuel was also less enriched, reducing the
production of immediate NOXx.

The majority of UHC emissions result from fuel
combustion that is incomplete. In terms of determining the
nature of combustion, it is one of the most significant
parameters. Figure 17 depicts the variation in UHC
emissions based on various driving scenarios. As
previously mentioned, as the combustion time decreases,
UHC emissions rise with vehicle load because combustion
takes longer. We also note that UHC emissions had no great
variation along the trip for each driving case, the highest
UHC values were for 80 km/h constant speed at full load
and the lowest values were for HEV.

IV. CONCLUSIONS

In this study, we measured on-road fuel consumption and
exhaust emissions from a conventional vehicle at different
trip conditions before converting the vehicle into (PHEV).
Our obtained results show the data of the conventional
vehicle fuel consumption variation due to vehicle speed and
load as well as road characteristics. The recorded best fuel
consumption rate was 5.5 L/100km, and it was recorded at
half load and constant speed of 60 km/h and 80 km/h. At
Midtown driving in moderate traffic, the worst fuel

Journal of Engineering Research (ERJ)

consumption rate was 18.5 L/100 km. For each operating
mode, the average emission rates for all pollutant categories
generally raise with vehicle load. Average exhaust emission
factors of CO, UHC, NOx, and CO2 were 0.75+0.08 (%vol),
284+20 (ppm), 1432+350 (ppm), and 7.57+0.5 (%vol),
respectively. With the help of electric energy, PHEV
system was able to consume less fuel, although fuel
consumption varies due to the battery state of charge (SOC).
In this work the amount of electric energy stored in batteries
for every 350 ml of fuel was recorded. The efficiency of
charging decreases with a high state of charge (SOC), the
best efficiency is below 83% SOC. The vehicle consumed
2.1 L to charge the batteries with the amount of 6.05 kW h
of electricity raising its state of charge from 20% to 83%
within the high charging efficiency range. However, PHEV
was consumes 5.57 L/100km. Hybrid vehicles could play a
vital role in saving the world's environment since they lower
fuel consumption, especially for vehicles used in the urban
environment where higher accelerations and lower average
speeds, as ICE isn't needed to run all over the trip.

Average exhaust emission factors of CO, UHC, NOx, and
CO2 were 0.79+0.06 (%vol), 20712 (ppm), 8404210
(ppm), and 12.23+0.42 (%vol), respectively.

I 53 Ko Tced balt lead [ 50 Wi Tooed dull fead [
B 33 o Meeed badt leod [ 39 M Thoed full laad
2000
= 1600
E l
1200 —
+ N
e
o A00 |
0 ]
Z 400 -
n 1
Trip Beginning Trip mid Trip finish

Fig. 16: NOx emission results

I 50 Ko Ticed ha¥ losd [ 5% ¥ fixed full lowd N HEV

B =0 W Meed bl load [N 3% Fm fised Full foad

Trip Beginmning

Trip mid

Trip fimish

Fig. 17: UHC emission results
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ABBREVIATIONS AND SYMBOLS

HEV Hybrid Electric GHG Green House Gas
Vehicle Emissions standard

PHEV Plug-in Hybrid EURO I- EURO Emission

Electric Vehicle Vi Standard
EMS Energy Management ICE Internal combustion Engine
System

MPFI Multi Point Fuel Sl Engine Spark Ignition
Injection Engine

CS Charge CD Charge Depletion

MODE Sustenance MODE ~ MODE MODE

SOoC State Of Charge  EM Electric Motor

OHV Over Head Valve  FCR Fuel Consumption

Reduction

CcO Carbon monoxide Co2 Carbon dioxide

NOXx Nitrogen Oxides UHC Unburned Hydrocarbons

HL Half Load FL Full Load
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