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Abstract

Carbon dioxide (CO,) contributes to the greenhouse effect and global warming. The Indonesian government has introduced
a reduction in vehicle taxes based on the number of CO, emissions, meaning that lower CO, emissions result in lower tax rates.
To measure the CO, emissions, vehicle testing can be conducted on a chassis dynamometer using road load (R/L) parameters to
assess the vehicle's loading during the test. The United Nations Economic Commission for Europe (UN ECE) Regulation no. 101
(R101) provides predefined table values for testing, but vehicle manufacturers can also provide their own R/L values, known as
actual R/L. In this study, the vehicle underwent two tests: one using the R/L values from the standard table R101 and another
using the actual R/L values provided by the manufacturer through coast-down results. By employing the actual R/L values, CO,
emissions can be reduced by up to 7.3 %. This reduction is achieved by lowering the vehicle's load by up to 17 % to enable
optimal vehicle performance. Additionally, there is a potential improvement in fuel economy of up to 7.9 % for vehicles. These
findings can serve as a reference for establishing future standard testing procedures.

Copyright ©2023 National Research and Innovation Agency. This is an open access article under the CC BY-NC-SA license
(https://creativecommons.org/licenses/by-nc-sa/4.0/).
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I. Introduction concerning taxable goods that are classified as a
o ) luxury in the form of motor vehicles that are subject

Global warming is a problem experienced by the to sales tax on luxury goods where the amount of tax
whole world [1]. Experts suggest that carbon dioxide for new vehicles is determined based on the CO,
(CO,) is the leading cause of the recent occurrence of emissions produced [7][8]. With the enactment of
global warming [2][3]. As much as 25% of the this regulation, it is hoped that vehicle
world's CO, emissions are generated from the manufacturers, especially in Indonesia, will compete
transportation sector, resulting from the combustion to develop more environmentally friendly
of exhaust gases [3][4][5]. Urban transport produces technology by reducing CO, emissions in vehicle
high CO, emissions in urban areas [6]. exhaust gases.

To overcome this condition, the Indonesian Various studies have been carried out to be able
government has enacted PP 73 of 2019, which is to reduce CO, emissions from motor vehicles.
revised with PP 74 of 2021 concerning changes to Modification of the exhaust line can be an option to
government regulation number 73 of 2019 lower these emissions. Mishra et al explained that

using a chamber-shaped exhaust without holes can
reduce CO, emissions by up to 50% compared to
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either with holes or without holes [9]. Zhang et al.
also explained that the strategy to reduce CO,
emissions could be done by converting the CO, into
methanol using a thermal catalytic with an hydrogen
(H,) obtained from the renewable energy process is
a promising step in the future [10]. Meanwhile, we
can also apply hybrid technology vehicles to reduce
CO, emissions on the engine side. By using this
hybrid technology, the vehicle will operate more
efficiently, reducing CO, emissions [11].

For vehicle development in Indonesia, the
Laboratory for Thermodynamics Motor and
Propulsion Technology under National Research and
Innovation Agency in Indonesia is one of the
government agencies mandated to conduct motor
vehicle emission tests. Since 2005 this lab has been
testing motor vehicle emissions that will be traded
in Indonesia nationally. The vehicle was tested using
a test cycle and run-on chassis dynamometer. This
dynamometer simulated the vehicle's condition as if
it were running on the road. The vehicle's loading
adjusted to the vehicle or wused the table
predetermined by the Euro standard in the United
Nations Economic Commission for Europe (UN ECE)
Regulation no. 101 (R101). The loading parameter of
this vehicle is called road load (R/L). R/L is a vehicle
speed loading that accommodates the effects of
rolling resistance, aerodynamic resistance,
acceleration, and road slope level [12]. For test
conditions, the slope level of the road can be
assumed to be flat or 0. Meanwhile, the other three
parameters will affect the load of the driving
resistance.

Kuhlwein [13] reported that there was a
difference in the value of CO, emissions when using
different R/L values. There was an increase in CO,
emissions when using the actual R/L compared to
the R/L data used for the approval type test. On
average, there was an increase in CO, emissions of
up to 7.2 % for type tests in Europe and 1.8 % for type
tests in the U.S. Jaworski [14] reported that an
increase in the energy consumption of the vehicle

will increase the CO, emission and lower the fuel
economy. There was an increase of 35% in CO,
emissions with an increase of 32% in energy
consumption.

The purpose of this research is to compare the
CO, emissions and fuel economy of vehicles in
Indonesia using the R/L data provided by vehicle
manufacturers and the UN ECE R101 standard. The
study aims to determine the impact of vehicle R/L on
chassis dynamometer tests. These results can be
used as a reference to determine the standard
testing procedures that will be applied in the future.

[I. Materials and Methods

This study tested the CO, emissions of passenger
vehicles below 3.5 tons. This test was carried out
following the UN ECE R101 test method, in which
the vehicle was tested on a chassis dynamometer
and driven to follow the new european driving cycle
(NEDC) test cycle [15][16]. Figure 1 is an NEDC cycle
that depicts the vehicle running in the actual
condition of the vehicle while driving. The NEDC
cycle has two main parts: Part I urban driving cycle
(UDC), or the driving cycle in the city, and Part II
Extra urban driving cycle (EUD), or the driving cycle
between cities.

Part I in NEDC simulates a car driven in urban
locations such as cities. Part I consist of four times
UDC. There were three steps of car velocity: low,
medium, and high. The maximum velocity of each
section was 15 km/h, 30 km/h, and 50 km/h for low,
medium, and high, respectively. Part Il simulates a
car driven at a higher velocity, such as a toll road or
intercity highway, with a maximum velocity of 120
km/h. During the test, the chassis dynamometer will
be responsible for loading according to the car's
condition while on the road. This loading is a trait
possessed for each vehicle and will differ in each car.
Even in similar models, it will be a difference, even
though it is not too much. This loading value is based
on the R/L formulation.
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Figure 1. New European driving cycle (NEDC)
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Table 1.
R/L reference value based on UN ECE R101 [21]

Standard table

Actual R/L example

Car weight [kg] Inertia [kg]

FO[N] F2 [N/(km/h)*] FO [N] F1 [N/(km/h)] F2 [N/(km/h)*]

850 —-965 910 5.7 0.0385 96.12 0 0.0400
965 — 1080 1020 6.1 0.0412 156.59 -0.4819 0.0388
1190 - 1305 1250 6.8 0.0460 104.23 0 0.0334
1305 - 1420 1360 7.1 0.0481 145.00 0 0.0470
1420 - 1530 1470 7.4 0.0502 115.10 0.3436 0.0386
1530 - 1640 1590 7.6 0.0515 194.63 -1.0771 0.0485
1640 - 1760 1700 7.9 0.0536 207.56 -1.1337 0.0488

There are two types of chassis dynamometers
that can be used for testing: roller and hub type. The
main difference between each type is the location of
the motor for the dynamometer. The hub type is
where the wheel directly connects to the motor
without the tires. The roller type uses the tire of the
vehicle and the motor connected with the drum
roller. The hub type is not included in the current
vehicle regulation [17]. By wusing the chassis
dynamometer, we could measure the emission and
work generated by the vehicle with an uncertainty
factor. Russo et al specified two sources of
uncertainty: vehicle experimental setup and
experimental equipment. The vehicle experimental
setup uncertainties are such as the driver and
environmental conditions, and the initial condition
of the vehicle. The experimental equipment
examples are carry-over conditions, accuracy, and
precision of the equipment [18]. Lourengo ef al
specified that rolling resistance was the most
influential factor for fuel consumption measurement
[19].

The R/L is the load the vehicle receives when
drove on the road [20]. This parameter is formulated
in equation (1).

Ftotal=F;r+Faero+Facc+Fgrad (1)

where, F;,;q; i the total force as resistance in
vehicles in N that consist of 4 components; E.. is the
resistance of rolling force; F,,,, is aerodynamic force
resistance; F,.. is the resistance of acceleration; and
Fyrqa is the force from the slope of the road [12].
However, for testing on the chassis dynamometer,
the road slope factor can be ignored, so using
equation (2)

Ftractive=F0+F1XV+F2XV2 (2)

The R/Ls use three main parameters in the speed
function: Fy, F;, and F,. Fy is a coefficient parameter
for a wheel rolling resistance, test lines, and drag of
braking and bearings in N. F; is a coefficient
parameter for rolling resistance and pump losses in
N/(km/h). F, is a coefficient related to the
aerodynamic force of the vehicle in N/(km/h)% The
summation of all component form a tractive force as
resistance for the vehicle in N as Fy,qctive- V is vehicle
speed in (km/h).

The R/L for each vehicle was obtained by
conducting a coast-down test. This test was carried
out by driving the vehicle to maximum speed, and

then the vehicle slides into the neutral transmission
gear position so that gradually the vehicle slows
down to a certain speed and then calculates the time
needed from high speed to low speed. The test could
be performed on tracks, roller chassis, and
dynamometers. The speed and time of vehicles were
recorded, and the time distance between the speeds
was calculated to obtain the coast-down parameter.
In addition, the weight of the test vehicle was used
for the results of this test [13].

Table 1 shows an example of the R/L chassis
dynamometer setting for a car in each inertia. A car
was tested twice using different R/Ls, standard table
and actual R/L, using R101 to get the emission and
fuel economy. All cars were tested in chassis
dynamometer at the Laboratory of Thermodynamics,
Engine, and Propulsion in Serpong, South Tangerang.
The chassis dynamometer provided by AVL can
withstand 4x4 or 4x2 cars below 3500 kg. It uses
AMA i60 for the gas analyzer and CVS for sampling
the exhaust gas. There were 21 sample cars
consisting of eight cars belonging to 910 kg inertia,
four cars belonging to 1020 kg inertia, one car
belonging to 1250 kg inertia, four cars belonging to
1360 kg inertia, two cars belonging to 1470 kg
inertia, one car belonging to 1590 kg inertia, and one
car belonging to 1700 kg inertia.

The coefficient of R/L will be obtained from the
coast-down test. R/L is the vehicle's deceleration
force during the coast-down test. R/L is a
combination of rolling resistance and aerodynamic
force and is calculated at several speeds from the
travel time and weight of the vehicle, including
rotational inertia sourced from the wheels. This R/L
value, when plotted on the graph between time and
the traction force, will form a quadratic equation
[13].

In addition to conducting a coast-down test, the
R/L value can be used from the table provided in the
UN ECE R101 standard. For each inertial vehicle,
there is a coefficient R/L value, which is used as a
reference on the dynamometer chassis. This value
can be used when there is no data on the coast-
down test results. The values in this table do not
describe the actual condition of the vehicle when it
is driven but can be used as a reference for official
testing.

From this R101 test, CO, emissions will be
obtained produced by vehicles. The amount of CO,
emissions is used for calculating vehicle fuel
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Figure 2. Differences between the actual to the R/L table in emissions: (a) and fuel economy; (b) for each vehicle

4 20

0 - . . . . . . 16
g -4 I glz 1
wi wi
-1} a
g -8 g 8 |
e @
(-1} a
£ .12 - £ 44
(=} (=)

-16 0 T T T T

-20 - -4

910 1020 1250 1360 1470 1590 1700
Car Inertia [kg]

PART| mPARTI

(a)

910 1020 1250 1360 1470 1590 1700
Car Inertia [kg]

PART| mPARTII

(b)

Figure 3. Differences between the actual to the R/L table in CO, emissions: (a) and vehicle fuel economy; (b) in parts I and II

economy during testing by the carbon balance
method described in equation (3),

FE = sz c
(T)-[(0.866-HC)+(0.429-C0)+(0.273-C02)]

(3)

where, FE for fuel economy in km/I; D for density of
fuel at 15 °C in kg/m3; HC for the measured emission
of hydrocarbon in g/km; CO for the measured
emission of carbon monoxide in g/km; CO, for
measured emission of carbon dioxide in g/km [21].

This study conducted a comparative analysis of
the carbon dioxide (CO,) emissions and fuel
efficiency of vehicles. To achieve this objective, R/L
data obtained from test results were compared with
R/L data in the UN ECE R101 standard table. The
study identified notable variations in the test results
that could be attributed to differences in the loading
conditions experienced by the vehicles

[1I. Results and Discussions

Figure 2 shows the effect of using R/L using the
actual to the standard table on CO; and fuel economy.
Using the actual R/L for each car lowers CO,
emissions by 5 — 9% and increases fuel economy
between 5 — 11 % for various vehicles. On average
from all vehicles, there is a decrease in CO, emissions
and fuel economy by 7 %, as shown in Figure 2. The
highest decrease occurred in cars with inertial 1360
and the lowest decrease occurred in inertial 1470.

This emission value is the total emission in the test
cycle consisting of 2 parts. Figure 2 also shows the
trend of increasing the difference in CO, and fuel
economy up to car inertia of 1360. The difference
decreases in the inertia of 1470 kg, and then the
difference increases again at 1700 kg with a slightly
smaller difference at 1020 kg. This condition shows
that the difference in R/L for large inertia for vehicles
in Indonesia has a smaller effect than inertial
vehicles 0of 910 - 1360 kg.

Figure 3 shows the difference in vehicle CO,
emissions in parts I and II of the NEDC test. In
general, the biggest decrease occurred in part II, the
Extra urban driving cycle, up to 17 %. While in the
part I cycle or UDC, there was the highest decrease
up to 10 %. This is due to the difference in the value
of the R/L, which is a function of the speed, where in
part II, the vehicle velocity is up to 120 km/h with an
average speed of around 60 km/h. In part I, the
vehicle only travels at a speed of 50 km/h, and the
average speed of this cycle is 20 km/h. Figure 3 also
shows that urban cycles with low speeds and many
accelerations result in a small R/L difference for
inertia, especially above 1360 kg. Therefore, the R/L
factor for urban conditions can be considered small
for inertia above 1360 kg because the cycle is mostly
influenced by the kinetic and dynamic friction of the
vehicle.

This decrease in CO, emissions in vehicles is
inseparable from the reduction in energy produced
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Figure 4. Work generated by the vehicle using R/L calculations

during testing. The energy calculation uses
equation (4),

P=F-V (4)

where, P is the power generated by the vehicle in W,
F is the traction force of the R/L in N, and V is vehicle
speed in m/s. F is the result of calculating the R/L for
each vehicle, either using values from the table or
the actual data of the vehicle. The result of this
power calculation is made in a graph between power
and time that shows the power that must be
generated by the vehicle during the test at a certain
speed, as shown in Figure 4.

In Figure 4, the area under the power curve over
time represents the amount of work generated by
the vehicle during the test. The R/L data listed on the
test standard is the worst possible condition for a
vehicle for each inertia. So, the value of the R/L does
not represent the vehicle's actual condition. For this
reason, each manufacturer conducts coast-down
testing in advance so that the vehicle can operate on
a dynamometer chassis.

Figure 5 shows the difference in energy
generated by the vehicle during the test. In general,
there is a decrease in the power generated by the
vehicle during continuous testing. On average, there
is a decrease in the power of up to 17 %, leading to a
reduction in CO, emissions from these vehicles. In
some vehicles using actual coast-down data, it
increases the power generated by the vehicle,
especially in part I in the NEDC testing stage, while
in phase II, most of the power decreased by the
vehicle. Compared to the power generated by the

vehicle, it will be more in part II. This causes part Il
to have more influence on the emissions of the test
results so that if there is a decrease in emissions in
part II, it will reduce emissions in total.

The amount of energy produced by the vehicle
will have a direct impact on the fuel economy of the
vehicle. Using the actual R/L, the power generated by
the vehicle is not as large as when using the R/L from
the standard table. The real condition of this vehicle
will be able to be used by the actual data because it
is a condition where the vehicle typically operates
on the road.

There was an increase in energy delivered from
cars when using actual R/L than the official one. The
energy increased by 15 % and 4.2 % in Europe and the
U.S., respectively. Due to the increase in energy
delivered from the engine, there was an increase in

10

Differences [%]
-
o

910 1020 1250 1360 1470 1590 1700
Car Inertia [kg]

Figure 5. Work differences between the actual to the R/L table
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CO, emission of about 7% and 1.8 % for Europe and
the U.S., respectively [13]. In Indonesia, there was a
decrease in energy produced by vehicles and CO,
emissions of about 17 % and 7.3 %, respectively. The
differences in these results are due to the differences
in R/L. Kuhlwein [13] used official R/L provided by
the manufacturer for emission testing and realistic
R/L. However, this study used actual R/L from the
manufacturer and a standard table from UN ECE
R101.

Jaworski et al. [14] experimented emission test
using R101 with three different R/L, NEDC table,
resistance calculation, and worldwide harmonized
light vehicle test procedure (WLTP) alternative.
There was an increase in CO, emission and energy
generated by the vehicle using the NEDC table and
WLTP alternative. There was a 35% CO, emission

increase from a 31 % increase in energy consumption.

This condition is in line with our study that the
higher energy generated by the vehicle will increase
the emission of CO,.

IV. Conclusion

Based on this study, it was found that the use of
different R/L resulted in a different CO, emission
under the R101 method. R/L represents the vehicle's
condition when driven on the road, simulated by a
dynamometer chassis system. The closer to the real
conditions, the more vehicle will operate in actual
condition. From the difference in the use of R/L, it
was found that using actual R/L for R101 testing
would reduce CO, emissions by an average of 7.3 %.
In line with CO, emissions, fuel use will be more
efficient, with an average of 7.9 %. The decrease in
emissions may be due to a reduction in the energy
produced by the vehicle when using actual R/L
compared to using R/L from the table. The average
energy decrease during the test was around 17 %,
with the highest energy decrease in vehicles with an
inertia of 1700 kg, which decreased to 27 %. The
highest reduction in CO, emissions occurred in
vehicles with an inertia of 1360 kg. Based on this
study, it is recommended to utilize the parameters
specified in the Euro standard R/L table for
conducting the testing. This suggestion is grounded
on the fact that employing these standard
parameters represents the most unfavorable
conditions that a vehicle may experience while
being driven on the road.
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