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Abstract: The high average of fuel consumption in vehicle for ASEAN countries compared to global average has
led to the establishment of Energy Efficient Vehicle (EEV) by National Automotive Policy (NAP) 2014. The
current PROTON Saga 1.3L 4-speed automatic transmission (4-AT) recorded 6.80 L/100km. Meanwhile, the target
setting for fleet average fuel consumption for the same segment according to NAP 2014 is 6.0 L/100km. Hence, it
is crucial for manufacturers to reduce the vehicle fuel consumption to stays competitive in the market and also to
support the ASEAN emission legislation. The objectives of this research are to develop a 1-Dimensional 4-AT
vehicle physics model for fuel economy and performance analysis as well as to further understand the sensitivity of
vehicle configuration and fuel-saving technologies to achieve the product target and legislation requirements. The
PROTON Saga 1.3L 4-AT vehicle model which is a B-Segment passenger vehicle will be developed using 1-
Dimensional simulation software. The correlation between the base vehicle model and actual vehicle model is
0.14% for fuel consumption and 2.22% for 0-100km/h, since the value is less than 4%, the vehicle model can be
concluded as valid and authentic. All the data and engine maps used in this research are provided by PROTON
Engineering Department to support the accuracy of findings. For each parameter considered in this research, the
optimization was performed in simulation where it begins from the current vehicle engine configuration and then
applying each parameter at each step until the anticipated configuration of vehicle has achieved. The parameters
involved in this research are vehicle weight, acrodynamic, rolling resistance, final gear ratio, and idle speed. Stop
start system was used as an advanced alternative way to mitigate the fuel consumption since it is cost consuming.
The fuel consumption for an optimized model is 6.01 L/100km with 0.17% difference with the real target which is
6.0 L/100km. The current vehicle model fuel consumption is 6.80 L/100km, thus, it has been successfully reduced
to 6.01 L/100km which is equivalent to 11.62% without implementing stop start system and 25.03% with the
implementation of stop start system. It seems that the beneficial to examine various possible solution concepts, and
to establish understanding on the effectiveness and synergies between powertrain technologies and vehicle design
in reducing the overall fuel consumption ad emission.
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1. Introduction

In these recent decades, the transportation industry depends primarily on petroleum fuels, with total usage of 88.13
million barrels a day worldwide. This dependence on petroleum-based fuel presents both immediate and long — term
challenges such as emissions and lack of fuels. Transportation emissions itself has contributed an amount of 23% to the
global anthropogenic emissions [1-4]. In ASEAN, the average fuel consumption in 2015 was between 7.7 L/100km for
the Philippines and 6.6 L/100km for Malaysia which is quite higher than the world average fuel economy which is
about 7.0 L/100km [5]. To cope with this situation, Energy Efficient Vehicle (EEV) that has been introduced through
National Automotive Policy 2014 has become a perfect solution to improve the fuel economy and as a reduction of
emissions to meet the future emission legislation. Table 1 shows the EEV Technical Specification for Fuel
Consumption according to their segments which will be used as a standard. It is determined based on international
benchmarking across developed countries (Europe, United States of America, China, Japan, South Korea, Thailand and
Taiwan) [6]. Table 1 depicted that Proton Saga 1.3L 4-speed automatic transmission (4-AT), which weights 1075kg is
classified as a B-Segment car. Therefore, the fuel consumption that should be followed by this vehicle is 6.0 L/100km.

Table 1 - EEV technical specification for fuel consumption [3]

SEGMENT DESCRIPTION KERB FUEL
WEIGHT (KG) CONSUMPTION
(L/100KM)
A Micro Car <800 4.5
City Car 801 — 1,000 5.0
B Super Mini Car 1,001 — 1,250 6.0
C Small Family 1,251 - 1,400 6.5
Car
D Large Family Car 1,401 - 1,550 7.0
Compact Executive Car
E Executive Car 1,550 - 1,800 9.5
F Luxury Car 1,801 — 2,050 11.0
J Large 4x4 2,051 -2,350 11.5
Others Others 2,351 -2,500 12.0

Source: (B. Tol, 2014)
2.0 Power Requirement/Driving Resistance

Nowadays, car manufacturers and researchers are actively developing an EEV to reduce the fuel consumption.
Therefore, one of the principal objectives of powertrain development is to ensure excellent driving dynamics at optimal
fuel consumption. For a vehicle to accelerate, decelerate or even to drive at a constant velocity, it means that the vehicle
needs to overcome the resistance. The resistances are made up of wheel resistance, air resistance, gradient resistance
and acceleration resistance [7]. Fr has designated the wheel resistance (rolling resistance force), Fis; represents the
gradient resistance (as slope resistance force on a slope with the angle o) Fi represent the air drag resistance.
Meanwhile, F, represents acceleration resistance [8].

Rolling resistance is defined as the energy dissipated by the tire per unit of distance [9]. Therefore, the more
energy is consumed by a moving vehicle, the higher the cost of transport and the greater emissions of CO2 as well as
other toxic compounds is [10]. The rolling resistance for a vehicle with a mass (mr), is considered equal to the wheel
resistance F, the equation is given by

Fr = frmp g cos g (D

The gradient angle aSt can be ignored on regular journeys with gradients/downhill slopes of less than 10%. With a
gradient of 10%, as~ 5.7° and thus cos as;= 1 [7]. The rolling resistance coefficient is Fz varies depends on the road
conditions. It is important to reduce rolling resistance since 30% reduction of tyre rolling resistance can improve the
fuel efficiency with an amount of 4% [11].

The air flows around the moving vehicle and through it for purposes of cooling and ventilation which creates
aerodynamic. The value of aerodynamic drag is varying according to the types of vehicle body shapes. A research
review stated that a 15% reduction in acrodynamic drag at highway speed of 55mph could result in about 5—7% in fuel-
saving [12]. The aerodynamic drag could be expressed in an equation as,
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Where A4 is the maximum vehicle cross-section meanwhile Ty is the drag coefficient. V' is the airflow rate,
which has a positive sign when this component is opposite to the vehicle speed and a negative sign when it is in the
same direction as vehicle speed [13]. At an air pressure of 1.013 bar, relative air humidity of 60% and a temperature of
20°C the air density #.199 kg/m3 [4].

When a vehicle goes up or down a hill or slope, the weight of the vehicle produces a component that is always
directed in the downward direction. The component either opposes the forward motion or helps the forward motion.
Gradient resistance can be expressed as,

F_I:"r =Mrg sin oy (3)

In the case of (longitudinal) dynamic driving manoeuvres, a portion of the power delivered by the engine is
required for acceleration of the power train masses, which is known as acceleration resistance. It is given by

FE = ;'LT?’I.;: a 4)

Where A is a rotational inertia coefficient, which expresses the proportion of the total mass that is rotational.
The value of A is a difference according to the gear. For example, the values for trucks crawler are gear: A = 10, st
gear: A= 3, direct gear: A=~ 1.1.

Therefore, all the forces involved in moving the vehicle could be summarize as traction force, Frby using the
traction force equation. The traction equation is given as below:

Flv-: FR+ FL+ F_f.'r+ Frz (5)

However, with a steady-state motion (r.l = ﬂ} and the approximations mentioned (CGS e ® 1 and
5in g, ® tan ©g,.), this simplifies to

Fr=Fg+ (6)

3.0 Research Methodology

Figure 1 below shows the methodology flow chart that has been used as a guideline for this research in order to achieve

the objectives.
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Fig. 1 - Methodology flowchart
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3.1 Vehicle Modelling in GT-Suite

For this study, a complete vehicle model is designed and develop in order to optimize and reduce fuel
consumption. Figure 2 shows the full schematic vehicle model that was designed and developed in GT-SUITE. By
using the virtual method, the quality and efficiency of a vehicle can be improved efficiently and accurately. An
important tool is the simulation of the entire vehicle behaviour [14]. This vehicle model has been run using two cases
which is NEDC Cycle in order to obtain its fuel consumption and 0-100km/hr to obtain the performance of the vehicle.
The vehicle used as a base vehicle model in this study is a PROTON Saga 1.3L 4-AT. In this study, the model is
intended to support development work, during which the comprehension of the entire vehicle and the interaction
between subsystems is necessary [15]. Therefore, the values/data and key information such as gearbox, torque
converter, clutch and brakes of the components were acquired from PROTON itself other than from PROTON
catalogue and portal.

|

Engine Control Unit | Transmission |
(ECU) Control Unit (TCU)

v

Driver Control |

A A4

Engine |—>| Transmission |—>| Vehicle Body |

Fig. 2 - Full schematic vehicle model designed and developed in GT-SUITE

Engine - Engine is the crucial component for a vehicle to operate. The engine block in the vehicle model is a map-
based model which requires several engine maps along with engine and fuel specifications. The required engine maps
in this study are mechanical output map, engine friction map and fuel consumption map. In order to ensure that the base
model developed in this study is correlated with the actual vehicle, the details of required engine maps were provided
by PROTON Engineering Department.

Optimized Parameter - The value of each parameter used in this study were obtained from the benchmarking
process where some review and research has been done to collect the data from any catalogue and official website of
the vehicle’s brand that are available in Malaysia and in the same segment as the base model vehicle. A study based on
the EPA fuel economy test found a 10% reduction in weight resulted in 6-7% fuel economy improvement, whereas a
10% reduction in rolling resistance or aerodynamic drag resulted in a 2% improvement [16].

Weight - The first parameter to be optimize is vehicle weight since it affects the engine power required to moves the
vehicle. In this study, the vehicle weight was reduced in a uniform scale of 50kg and the fuel consumption corresponds
to the weight decrements were recorded and observed. The range of vehicle weight that has been used in this study is
from 1075kg which is the initial weight of the base model vehicle until 875kg.

Aerodynamic- The second parameter of the vehicle that will be optimize is the aerodynamic drag. Aerodynamic is
one of the key players for the fuel consumption reduction since the frontal area of a vehicle directly influence the
aerodynamic drag. In this study, the aerodynamic drag of a vehicle is reduced uniformly by 0.01 within the range of
0.33 until 0.27.

Rolling Resistance - Reduction of a 10% rolling resistance of a vehicle could lead to a range of 6-7% of fuel
consumption [17]. The rolling resistance is primarily affected by the vehicle’s tyres when they roll over the road
surface. The rolling resistance reduction in tyres was planned to decrease by 2% from its initial rolling resistance value.
In this study, the rolling resistance is in the range of 0.010300 until 0.007542 since the minimum reduction that could
be made is only up to 10%.

Drivetrain Configuration - Drivetrain configuration which is the third parameter to be optimize also contribute
to the decrement of fuel consumption. However, the improvement of the performance of a vehicle is always moving
towards the opposite direction with the final gear ratio improvement. As the final gear ratio decrease, the time taken for
a vehicle to accelerate from 0 to 100km or commonly known as 0-100km/h will increase. Therefore, the most suitable
final gear ratio that will be chosen in this study will be considered according to two important factors which are 0-
100km/h and fuel consumption. The final gear ratio decrement in this study is starting from 4.121 until 3.700, with a
scale of 0.10.
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Idle Speed - The next parameter is idle speed since a vehicle at idle consumes the amount of fuel, although it does
not been used to propel the vehicle. A higher idle speed means that the vehicle consumes more fuel at idle which in the

end will cause waste. Thus, the idle speed will be reduced by 30rpm in the range of 750rpm which is the original rpm
of the base vehicle model until 600rpm.

4.0 Result and Discussion

In this section, the result of the vehicle optimization in term of fuel consumption and performance will be
discussed. In order to choose the most suitable value for each parameter to achieve the target which is 6.0 L/100km, an
individual simulation was run for each parameter with a different value which is known as the benchmark. As for the
overall optimization process, the base vehicle model was optimized one by one parameter starting from weight
optimization until stop-start. The table below shows the correlation between the base vehicle model and the actual
vehicle of PROTON Saga 1.3L 4-AT. Table 2 shows the base model correlation that has been made where the
correlation for fuel consumption is 0.15% and 0-100km/h is 2.22%. The percentage error of the fuel consumption and
0-100km/h for the base vehicle model and the actual vehicle is less than 4%, so it can be concluded that the vehicle
model is valid.

Table 2 - Base model correlation

No. Parameter Actual Vehicle Base Vehicle Percentage Error
Model
1. Fuel consumption (L/100km) 6.80 6.79 0.15%
2. 0-100km/hr (s) 13.5 13.2 2.22%
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Fig. 3 - Effects of weight optimization on fuel consumption

Often, weight reduction is widely recognized as a cost-effective way to reduce the fuel consumption of a vehicle.
However, it does not always give as a priority to be optimized compare to other vehicle characteristics. The NEDC
reports that approximately a 0.6% reduction is achieved for each 1% saving in total vehicle mass [18]. It is worth to
reduce the vehicle weight since a vehicle needs to overcome its inertial forces first in order for it to start moving or
accelerate. In detail, the vehicle weight is linearly proportional to the power required to overcome the inertial forces,
which means that a greater power is needed to overcome the forces if the vehicle weight is greater. Therefore, the fuel
consumption could be reduced by reducing the engine power requirement vehicle of a vehicle which in other words,
means reducing the vehicle weight. Figure 3 shows the effects of weight optimization on fuel consumption that has
been done to the vehicle model according to the benchmark. The curb weight of the base vehicle model that was
designed and produced by PROTON is 1075kg which is quite heavier compared to other Sedan B-Segment vehicle. A
huge decrement of 0.07 L/100km - 0.10 L/100km of fuel consumption is observed due to the reduction of vehicle
weight. It could be predicted that the decrement trend of fuel consumption will continue as the value of weight
decrease. Therefore, it can be concluded that every 50kg reduction of vehicle weight, the fuel consumption will be
reduced approximately 0.09L for every 100km travel distance.
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Fig. 4 - Aerodynamic optimization and fuel consumption

Aerodynamic drag reduction also offers an opportunity to reduce the consumption of fuel for a vehicle. However,
the reductions in aerodynamics drag are seen to be less effective at reducing fuel consumption compare to weight
reduction method. Typically, 35% of the energy in a vehicle is used to overcome the aerodynamic drag in order to
accelerate. The fuel consumption of a vehicle is affected by the relation of the surface of the vehicle and the air flowing
through it. When a vehicle moves at higher speed, a vehicle with better aerodynamic could offer the least consumption
of fuel through the improvement of crosswind stability. Aerodynamic optimization that was done to the vehicle model
is shown in Figure 4. The reduction of aerodynamic value is a successive reduction of 0.01 from the initial aerodynamic
value of PROTON Saga 1.3L 4-AT which is 0.33. From the graph, it could be observed that there are quite a massive
decrement of 0.03 L/100km - 0.05 L/100km of fuel consumption as the value of aerodynamic decrease by 0.01. The
graph trend line shows that the fuel consumption will keep decreasing correspond to the trend line as the value of
aerodynamic decrease. Therefore, it can be concluded that every 0.03 reduction of vehicle aecrodynamic could lead to a
reduction of 0.12 L/100km fuel consumption for this vehicle.
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Fig. 5 - Rolling resistance optimization

Other than that, reducing the rolling resistance can also provide a very cost-effective way to reduce the energy use
at once improve the fuel economy. It is because there are a lot of low rolling resistance tyres available on the market
now nowadays with an average cost that is approximate to the standard tyres. Figure 5 shows the rolling resistance
optimization that was done to the vehicle model in order to study the effect of rolling resistance on fuel consumption.
Similar to the aerodynamic drag, the rolling resistance value also is a successive reduction of 2% from its initial value
which is 0.010300. The rolling resistance optimization shows the greatest reduction of fuel consumption which is
around 0.02 L/100km — 0.07 L/100km compare to other parameters which offers reduction less than 0.5 L/100km for
each value. A significant drop in the fuel consumption trend line could be observed as the rolling resistance value drop.
This is due to the energy needed for the vehicle to overcome the rolling resistance is huge which is almost half.
Therefore, it can be concluded that every 2% reduction of the vehicle rolling resistance from its initial value could
cause 0.02 L/100km reduction of fuel consumption for this vehicle.
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As for drivetrain optimization, it is quite difficult to be optimized since there is an aspect that needs to be
considered before choosing the right gear ratio. Changing the final gear ratio of a vehicle could directly affect its
performance which is 0-100km/hr since the fuel consumption and performance is inversely proportional. Figure 6
above shows the influences of final gear ration on fuel consumption which shows the drivetrain optimization that was
done to the vehicle model. It could be observed that the reduction in final gear ratio caused a little decrement in fuel
consumption of the vehicle. The reduction of 0.071 which is from the initial gear ratio value of 4.121 to 4.050, is seen
to reduce the fuel consumption only by 0.02 L/100km. The reduction of final gear ratio from each value only drops the
fuel consumption in the range of 0.01 - 0.03 L/100km. The graph trend line shows that the fuel consumption will keep
decreasing correspond to the trend line as the value of the final gear ratio decrease. Therefore, it can be concluded that
every 0.1 reductions of vehicle final gear ratio could lead to a reduction of 0.02 L/100km fuel consumption.
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Fig. 7 - Effects of idle speed optimization on fuel consumption

A vehicle at idling consumed quite a lot of fuel without using the output power to move the vehicle which in turns
become wasteful. A vehicle which idling for more than 10 seconds consumed more fuel compared to starting it. Other
than that, the fuel consumed to just idling for 10 minutes is equal to the fuel needed to travel for 5 miles. Therefore,
fuel consumption during idling should be reduced since it also contributes to emission. Figure 7 shows the effects of
idle speed optimization on fuel consumption that was done to the vehicle model which started from the original idle
speed value which is 750rpm. The reduction method for this idle speed optimization value is also similar to the rolling
resistance and aerodynamics which is using the successive method. The idle speed value was reduced by 30rpm in
order to observe the fuel consumption drop. However, this parameter is seen to show a constant and precise reduction
in fuel consumption which is 0.02 L/100km — 0.06 L/100km compared to the other parameter. The idle speed reduction
trend line shows that fuel consumption could be reduced by if the idle speed of the vehicle continues to decrease.
Therefore, it can be concluded that every 10rpm reduction of the vehicle rolling resistance from its initial value could
cause 0.02L/100km reduction of fuel consumption for this vehicle.
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Figure 8 - Comparison of the without and with stop start system

Figure 8 shows the Comparison of the without and with the stop-start system. Driving in city traffic or heavily
congested roads could cause a vehicle to consume a substantial amount of fuel idling when the vehicle is stopped.
However, the stop-start system could offer the best solution to this problem. Stop-start system is capable of shutting
down the vehicle engine when the vehicle is stopped, such as at traffic light. The system also offers a rapid engine re-
start for the vehicle launch. From the graph, the stop-start system is observed to give a considerable contribution in the
aspect of fuel consumption reduction. The base vehicle model without implementing the stop-start system shows that
the fuel consumption is 6.79 L/100km. However, the same vehicle model that implementing the stop-start system
shows a noticeable drop in fuel consumption which is 0.92 L/100km, equivalent to 13.55% which only consume 5.87
L/100km of fuel.
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Fig. 9 - PROTON Saga 1.3L 4-AT Overall Optimization

Figure 9 shows the PROTON Saga 1.3L 4-AT Overall Optimization or also known as fuel walk. From the graph,
the base vehicle model which is initially produced by PROTON is 6.79 L/100km with 0-100km/h of 13.5s. In order to
reduce the fuel consumption, a big contributor to fuel consumption which is vehicle weight was optimized. In this
study, the weight of the vehicle is reduced from 1075kg to 930kg and it shows a significant decrement in fuel
consumption. A 0.25L of fuel consumption drops was observed from 6.79 L/100km to 6.54 L/100km proved that
vehicle weight plays an important role in fuel consumption. The drops in vehicle weight also resulted in 1.3s
improvement of 0-100km/h from 13.5s to 12.2s The value of 930kg vehicle weight was chosen because it is the
optimum value to reach the 6.0 L/100km fuel consumption target since the project is in 2019. In order to reduce a large
amount of weight, many parts of the vehicle body and components should be replaced and upgrade. Therefore, a greater
reduction in term of vehicle weight is quite difficult since it needed a long-time duration to design a new body.

The next optimization that has been made is aerodynamic drag reduction which is from 0.330 to 0.280. The
aerodynamic is directly influenced by the design and surface of the vehicle body. Therefore, it is important to ensure
that there is no major change must be made to the vehicle body since it involved a lot of costs to design and produce a
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totally new body. In order to achieve 0.280 aerodynamic drag of the vehicle, it only involves some minor change to the
vehicle body and does not require a high cost. By using a 0.280 aerodynamic drag, the fuel consumption decreases
from 6.54 L/100km to 6.35 L/100km and 0.2s decrement in 0-100km/h from 12.2s to 12.0s. After that, the rolling
resistance was optimized to continue the fuel walk. According to NAP, there is no specific standard to measure the
rolling resistance of a tire. Therefore, the value of rolling resistance is calculated based on a 2% reduction from its
initial value in order to achieve the target. Rolling resistance is a cost-effective method to reduce fuel consumption
since replacing a tire does not consume a lot of costs [13]. Currently, the vehicle is using the Silverstone Synergy M3
tire with a 0.0103 rolling resistance. In order to achieve the rolling resistance of 0.009109 which is the best rolling
resistance, the tire should be changed to BF Goodrich Long Trail T/A. Thus, the fuel consumption will continue to drop
from 6.35 L/100km to 6.26 L/10km. As the fuel consumption decrease due to low rolling resistance, the performance of
the vehicle also increases when 0-100km/h is seen to decrease from 12.0s to 11.9s.

The optimization sequence then continues with drivetrain configuration optimization which is the final gear
ratio. It is essential to choose the best value for the final gear ratio since it affects the engine performance. In order to
identify the best final gear ratio, the performance of 0-100km/h and fuel consumption should be considered. In this
study, the value of gear ratio is chosen according to the best reduction in the term of fuel consumption which is 1.44%
in order to achieve the target and the acceptable value of 0-100km/h performance which is only 1.50% reduction.
Therefore, the fuel consumption shows a decrement from 6.26 L/100km to 6.17 L/100km meanwhile, the 0-100km/h
shows an increment in term of time taken from 11.9s to 12.1s. As for the idle speed, the fuel consumption is observed
to decrease from 6.17 L/100km to 6.01 L/100km due to its implementation. However, the 0-100km/h does not show
any difference in this parameter optimization since the vehicle does not move during idle speed. In order to ensure that
the vehicle does not stall during idling, the idle speed must be within the range which is from 600rpm - 1000rpm. The
value of 650rpm is chosen since it does not extremely low that could lead to an engine stall and enough to achieve the
target. The last optimization is the stop-start system. However, the stop-start system is not included in the optimization
to achieve the goal due to its barrier to be implemented in a short time. In order to perform a stop-start operation, a
huge cost investment has to be done to set up the system which consumes a long time. Other than that, the arrangement
of the engine compartment also needs to be changed in order to add on some components such as a battery. Therefore,
the stop start system will be a long-term alternative step to reduce the fuel consumption significantly.
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Figure 10 - Engine Consumption Rate of PROTON Saga 1.3L 4-AT

Figure 10 above shows the engine consumption rate of PROTON Saga 1.3L 4-AT. Basically, NEDC cycle graph
which consists of 1180s of fuel rate consumption of a vehicle. From the graph, there are two different cycles which is
base vehicle model fuel consumption rate and optimized model fuel consumption rate. It can be observed that the fuel
consumption rate of the base model is higher compared to the optimized model. As a result of vehicle optimization that
was done, the fuel consumption for this vehicle decrease from 6.80 L/100km to 6.01 L/100km with a difference of 0.79
L/100km which is equivalent to 11.62%.
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5.0 Conclusion

In a nutshell, the 1-Dimensional 4-AT vehicle model for fuel economy and performance analysis was
successfully designed and developed. In addition, the vehicle model was also successfully evaluated and optimized in
achieving the product target and legislation requirements. The base model fuel consumption for this vehicle is 6.79
L/100km with 0.15% difference with actual vehicle model which is 6.80 L/100km meanwhile the 0-100km/h having a
2.22% difference where the vehicle model is 13.2s while the actual vehicle is 13.5s. Overall optimization improvement
that was made on PROTON Saga 1.3L 4-AT. After optimization without implementing the stop-start system, the
vehicle model able to achieve 11.62% of fuel consumption reduction where the final result is 6.01 L/100km which is
having a slight difference with the target that should achieve 6.00 L/100km. As for the 0-100km/h, the time taken after
optimization is much better when it has shown a definite improvement of 11.57% where the time is taken drops from
13.2s to 12.1s. It could be concluded that the target is achieved since the value of deviation is too small which 0.17% is.
On the other hand, the model would achieve a bigger fuel consumption decrement with the implementation of a stop-
start system where it could reduce up to 25.03% with the new fuel consumption of 5.09 L/100km. Through this study,
PROTON Saga 1.3L 4-AT fuel consumption could be reduced to the target value which is 6.0 L/100km in order to be
in the EEV certified vehicle range that was set by the NAP 2014 to stay competitive in the market and fulfil the
ASEAN emission legislation target. Yet, there are some challenges that need to be faced to ensure the success of
improving the fuel economy of this vehicle. The first challenge was the uncomfortability of passengers seating as a
result of drag force reduction through reducing the vehicle’s width, and height since reducing those parameters could
affect the frontal area. In addition, reducing the air drag also could affect the airflow in the frontal area and leads to
lesser cooling efficiency in radiator and intercooler. Moreover, it is also a challenge to maintain the stability and
reducing rattling noise of the vehicle during high-speed driving. During rain or wet climatic condition, the traction
effect reduction could give a worse impact to braking distance and skidding. In order to ensure that this study will and
provides a more significant contribution and impact towards reducing fuel consumption and improving performance,
some future works are recommended. The integration of lubricants, ETM, HVAC and vehicle cooling, are crucial to
ensure more effective impacts towards the fuel economy and emission. Other than that, implementing hybrid
powertrain such as adding the stop-start system to the vehicle through Mild Hybrid Electric Vehicle (MHEV)
configuration is also one of the crucial key player in reducing fuel consumption and emission for a long-term effect
even though its installation is cost consuming.
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