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Abstract: The real driving emission (RDE) test is the test for vehicle type approval in the China
VI emission standard and is one of the most important indicators for assessing the environmental
performance of vehicles. To investigate the feasibility of shortening the RDE test trip, we measured
emissions of CO, NOx, and PNy (i.e., the number of particles above 10 nm in diameter) from gasoline,
diesel, and hybrid electric vehicles based on portable emission measurement systems (PEMSs) and
analyzed the influence of shortening test trips on pollutant emissions. The results indicated that the
CO and PNjg emission factors of the gasoline vehicle increased by about two times during short trips
compared with standard trips, while the NOx emission factor changed insignificantly. The diesel
vehicle showed a two-fold increase in NOx and PNy emission factors during short trips compared
with standard trips, with CO emissions remaining largely unchanged. The short trips of the hybrid
electric vehicle doubled CO and PN emission factors and slightly increased NOx emission factors
compared with standard trips. The study can aid in improving RDE test efficiency, reducing RDE test
cost, and controlling pollutant emissions from newly produced and in-use vehicles, which is crucial
for air pollution management and sustainable development.

Keywords: real driving emission (RDE); short trip; gasoline vehicle; diesel vehicle; hybrid electric
vehicle

1. Introduction

In China, the overall number of vehicles has reached 440 million by the end of June
2024 [1] and continues to grow. Previous studies have indicated that the overall number of
vehicles will continue to increase to 530623 million in China in 2050 [2]. This prolifera-
tion, while indicative of economic growth and societal advancements, poses a formidable
challenge to sustainable development efforts. Based on the data published by the Ministry
of Ecology and Environment of the People’s Republic of China, the emissions of carbon
monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOx), and particulate matter (PM)
from vehicles in China in 2022 were 7430 Gg, 1912 Gg, 5267 Gg, and 53 Gg, respectively [3].
The continuous increase in overall vehicle number has led to vehicle pollution that cannot
be ignored [4-8]. Elevated vehicle emissions can cause adverse health effects, including
respiratory and cardiovascular diseases and even premature death [9-11]. The emissions
not only exacerbate the issue of air pollution but also jeopardize the long-term viability of
pursuing a green and sustainable future.
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Significant efforts have been made to mitigate the harmful effects of road transporta-
tion, and legislation on vehicle emission standards has been enforced globally in the
past decades [12,13]. Up to now, the EU emission legislation still dominates the global
automotive market, and China’s automotive emission regulations are based on the EU
legislation [14,15]. After the severe haze event in 2013 [16-18], air pollution control took
on an unprecedented importance. This resulted in the accelerated release of the China VI
emission standard in 2016 [19], a mere three years after the implementation of the China
V emission standard. This rapid progression underscores the nation’s resolve to combat
air pollution and aligns with its broader environmental sustainability goals. It is crucial
to acknowledge that while informative, traditional laboratory-based standard driving
cycles are inherently limited in their ability to represent the complexities and nuances of
real-world driving conditions. Vehicle emissions are significantly impacted by diverse
driving behaviors, road types, traffic congestion, and environmental factors. Some research
revealed that standard driving cycles in lab conditions do not accurately represent the
driving characteristics of vehicles on real roads, and the emission results obtained differ
somewhat from real driving emissions [13,20-22]. For vehicle type approval, the China
VI regulation incorporated real driving emission (RDE) tests, marking a significant step
towards ensuring more accurate and realistic emissions measurements under real-world
driving conditions.

The RDE test involves the utilization of portable emission measurement systems
(PEMSs) to measure and evaluate the on-road emission levels of vehicles under real-
world conditions of usage [23-25]. This approach offers a more accurate portrayal of
emissions behavior than laboratory-based evaluations, as it takes into account the intricate
interplay between vehicle performance, usage patterns, and the diverse ambient and
driving conditions that inevitably arise in practical applications. While road tests are more
reflective of real-world conditions than laboratory tests, even when all possible impact
parameters (e.g., fuel, pre-conditioning, weight, etc.) are held constant, the results may
show a higher degree of dispersion due to variations in vehicle response and utilization, as
well as a wider range of possible environmental and driving conditions [26-29].

Research has demonstrated that experimental conditions (e.g., driving behavior [30,31],
vehicle speed [32,33], road grade [34-36], fuel type [37], and ambient conditions [22,25]) have
varying degrees of influence on the emission results of real-world on-road experiments.
Moreover, it has been demonstrated that pollutant contributions in RDE tests are more
dependent on non-temperature conditions, including trip dynamics and route topogra-
phy [22]. In addition, road grade and altitude are additional realistic driving factors that
have a significant influence on vehicle emissions [38,39]. Positive road grades (uphill)
resulted in additional loads, and negative road grades (downhill) resulted in reduced loads
during vehicle driving [34,40]. At intersections in urban areas, significant emissions are
generated due to frequent vehicle stops and delays [31], and frequent stops have a negative
impact on the average fuel consumption gap [30]. The RDE test procedure limits the test
conditions to prevent large variations in RDE results and the invalidation of the RDE test
due to abnormal emissions under extreme conditions [14,27]. These include, but are not
limited to, the adoption of a rigorously defined experimental protocol, the specification
of approved lubricants and fuels, comprehensive emission assessments, the designation
of representative driving routes spanning urban, rural, and motorway domains, and the
establishment of precise boundary conditions for test execution.

In the context of sustainable development, the RDE test has emerged as a pivotal met-
ric for assessing the environmental friendliness of vehicles [19]. It represents a cornerstone
in the quest for cleaner transportation solutions, underscoring the industry’s commitment
to reducing vehicle emissions and the adverse effects of vehicular pollution on the envi-
ronment and public health. As such, RDE has become a focal point for major automobile
manufacturers, necessitating significant investments in research and development, person-
nel resources, and testing capabilities. The pursuit of efficiency and cost-effectiveness in the
RDE test is not merely an economic imperative but also a strategic imperative aligned with
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sustainable development goals. Shortening the test trip represents a targeted approach to
enhancing testing efficiency. By optimizing test trips, minimizing unnecessary travel, and
leveraging advanced data acquisition and analysis techniques, manufacturers can expedite
the testing process while maintaining the rigor and accuracy required to produce meaning-
ful results. However, investigating the effect of shortening the RDE test trip on emission
results is critical to determining the feasibility of shortening the RDE test trip. Based on
PEMSs, this study tested the CO, NOx and PNy (i.e., the number of particles above 10 nm
in diameter) emissions from three vehicles (i.e., one gasoline vehicle, one diesel vehicle,
and one hybrid electric vehicle) during standard and short trips to investigate the effect of
shortening the trip on the RDE emission results, analyzing the changes in CO, NOy, and
PNjg emissions of the different vehicles after shortening the RDE trip, and investigating the
reasons for the changes in emissions by using time-solved emission data. The results can
provide references for the formulation of future emission regulations, help further control
vehicle pollution, and promote sustainable development.

2. Materials and Methods
2.1. Vehicle Information

A gasoline vehicle, a diesel vehicle, and a hybrid electric vehicle with the China VIb
emission standard were chosen to evaluate the influence of shortening the test trip on
CO, NOy, and PNy emissions from the different vehicles. The tests were conducted in
Chongqing, China, based on PEMSs. The main vehicle information is provided in Table 1.
All vehicles are well maintained.

Table 1. Main vehicle information.

Gasoline Vehicle Diesel Vehicle Hybrid Electric Vehicle
Vehicle type Ny ! Ny M; 2
Curb weight (kg) 1370 2010 2058
Engine type PFI 3 GDI* PFL; GDI
Fuel Gasoline 92# Diesel 0# Gasoline 92#
Engine displacement 15L 23T 20T
Odometer (km) 400 4880 3584
Exhaust after-treatment TWC?> + GPF ¢ DOC 7 + SDPF ® + SCR ? + ASC 1 TWC + GPF
Emission category China VIb China VIb China VIb

1N vehicles are trucks with a maximum gross design mass of not more than 3500 kg [19]. 2 M, vehicles are
passenger vehicles with a seating capacity of not more than nine seats, including the driver’s seat [19]. 3 PFlis
port fuel injection. * GDI is gasoline direct injection. > TWC is three-way catalyst. ® GPF is gasoline particulate
filter. 7 DOC is diesel oxidation catalyst. 8 SDPF is selective catalyst reduction catalyst. > SCR is selective catalytic
reduction. 19 ASC is ammonia slip catalyst.

2.2. Experimental Section

In this study, two types of mainstream PEMSs (HORIBA OBS-ONE and SENSORS
LDV) were employed. Before the tests began, a validation procedure was performed
with a chassis dynamometer to ensure that the differences between the PEMSs and the lab
analyzers were within the regulations. The PEMS installation is depicted in Figure 1. PEMSs
mainly include three parts: a gas analysis module, a particle number (PN) analysis module,
and an exhaust flow meter. The condensation particle counter within the PN module, with
a PN cut-off size set at 23 nm, was utilized to quantify the PN concentration. The flow meter
was used to measure the volume flow rate of exhaust. The weather station documented the
ambient conditions. The real-time vehicle parameters (e.g., coolant temperature and engine
speed) were captured through the standardized onboard diagnostics protocol. The GPS
module tracked the position of the vehicle, and the instantaneous speed was calculated from
the GPS data. The PEMS was powered by an additional battery independent of the vehicle’s
electrical system to minimize any potential impact on vehicle fuel consumption. The
comprehensive details regarding the PEMSs can be found in our previous studies [29,41].
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Figure 1. Schematic diagram of PEMS installation.

Each vehicle was driven outside of peak hours by a professional driver, with another
person on board to oversee the vehicle and the PEMS. Each vehicle was tested twice, one
standard trip and one short trip, for a total of six tests. To ensure the cold start phase, the
vehicles underwent an overnight soak. Throughout the testing process, the hybrid electric
vehicle was used in normal driving mode and operated in a charge-sustaining capacity.
The RDE test was conducted in strict accordance with the requirements of the China VI
emission standard. In order to minimize systematic errors, the gas analyzer was calibrated
before and after the test using standard gases that matched the concentration range of the
pollutants in the test vehicle for the zero and range points. In addition, the zero point of
the particle analyzer was determined by collecting HEPA-filtered ambient air mounted
on the probe before and after the test. The differences in the analyzer check results before
and after the test were in compliance with the China VI emission standard. All the data
recorded were synchronized in a timely manner.

2.3. Test Routes

Two types of trips (standard and short) were conducted for testing vehicles in Chongging,
China. The standard trip ranged in length from 78.1 km to 80.7 km, while the short trip
ranged from 34.2 km to 42.8 km. All the routes tested were compliant with the China VI
RDE boundary requirements [19]. Three different types of vehicles were tested on the
same route, but it’s mentioned that the information displayed in different tests may vary
slightly because of GPS drift. Detailed route information and regulation boundaries are
listed in Tables 2 and S1. Additionally, the route recorded by GPS on the map for each
test is shown in Figures S1 and S2, and the definitions of standard trips, short trips, full
trips, and urban trips can be found in Supplementary Materials. Urban trips are part of the
test trips, mainly including arterial and secondary trunk roads, with a maximum speed of
<60 km/h. The test time avoided the local morning and evening rush hours, and the road
conditions were good.
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Table 2. The parameter of test routes and regulation boundaries.
Vehicle Type Gasoline Vehicle Diesel Vehicle Hybrid Electric Vehicle B01.1ndary
Requirements
Trip Type Standard Short Standard Short Standard Short [19]
Total distance (km) 78.1 34.2 80.7 42.8 79.3 37.2 -
Urban portion (%) 33% 31% 33% 26% 33% 33% 29-44
Rural portion (%) 35% 34% 33% 38% 33% 33% 23-43
Motorway portion (%) 32% 35% 34% 36% 34% 34% 23-43
hicl 4 Urban trip 27.2 26.1 28.1 232 27.1 28.2 <60
Ve 115 ¢ Sﬁee Rural trip 74.6 69.9 74.0 73.0 75.6 74.9 60-90
(km/h) Motorway trip 986 9.1 103.1 101.6 103.4 104.9 90
Average Altitude (masl) 300.6 321.8 289.1 320.7 294.2 320.7 -
Delta Start/End Altitude (m) 3.3 45.1 35.1 45.2 —17.6 45 <100
Cumulative Positive Elevation 55 714.8 518.0 651.4 501.9 626.0 <1200

(m/100 km)

2.4. Data Analysis

The instantaneous CO and NOy emission rate can be calculated by Equation (1):
mi:pixciqu10_3 (1)

where, m; represents the instantaneous pollutant i (e.g., CO and NOx) emission rate, g/s;
pi represents the density of pollutant i, kg/m3; ¢; represents the concentration of pollutant
i, ppm; and g represents the exhaust flow rate, m3/s.

The instantaneous PNy emission rate can be calculated using Equation (2):

MPpN,y = CPNyy X 4 2)

where, mpy,, denotes the instantaneous PNy flow rate, #/s; cpn,, denotes the concentration
of PNy, #/m?; and q represents the exhaust flow rate, m3/s.

Based on the distance-specific method, the CO, NOx, and PNy emission factors were
obtained using Equations (3) and (4):

EF; = Z;” x 103 3)
Y m
EFpny, = = (4)

where, EF; denotes the emission factors of pollutant i, mg/km; m; represents the instan-
taneous pollutant i (e.g., CO and NOx) emission rate, g/s; d denotes the distance of test
trips, km; EFpy,, denotes the emission factors of PNyg, #/km; and mpy,, denotes the
instantaneous PNy flow rate, #/s.

3. Results and Discussions
3.1. Gasoline Vehicle
3.1.1. Standard Trips

Table 3 illustrates CO, NOx, and PNy emission factors for gasoline, diesel, and hybrid
electric vehicles during standard trips. The CO, NOy, and PNy emission factors for the full
trip were 63.47 mg/km, 96.26 mg/km, and 4.81 x 10'° #/km, respectively, which complied
with the limit values of the China VIb emission standard. Compared with previous studies,
the CO emission factor in this study was lower than that of Hu et al. [42] (198.09 mg/km)
and the NOx emission factor was higher than that of Hu et al. [42] (7.2 mg/km). Whereas
the PN emission factor was lower than the studies of Lv et al. [43] (6.0-9.7 x 1010 #/km)
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and He et al. [44] (2.44 x 10" #/km) and between the results of Zhang et al. [45] (1.85—
5.25 x 1010 #/km). Test method, engine type, and test location contributed to these differences.

Table 3. CO, NOy, and PNy emission factors for gasoline, diesel, and hybrid electric vehicles during

standard trips.
- 1 Emission Factors
ri Pollutant
P Gasoline Vehicle Diesel Vehicle Hybrid Electric Vehicle
CO (mg/km) 63.47 6.10 224.16
Full trip NOx (mg/km) 96.26 9.88 8.92
PNig (%107 #/km) 48.07 3.06 3.86
CO (mg/km) 76.67 11.95 82.67
Urban trip NOx (mg/km) 151.10 25.01 11.84
PN (x10° #/km) 78.96 2.88 5.93

Moreover, the CO, NOy, and PNjj emission factors were higher for urban trips than
for full trips, by 20.8%, 57.0%, and 64.3%, respectively. This phenomenon is related to the
fact that urban trips include a cold start phase. The reason behind this high percentage is
that, during the cold start phase, the engine has not been fully warmed up, resulting in
incomplete fuel combustion. This incomplete combustion led to the formation of higher
levels of pollutant emissions, including CO, HC, NOx, etc. Moreover, the low temperature
of the engine’s oil and other lubricants resulted in increased friction and wear, which could
further exacerbate pollutant emissions. In addition, the mainstream exhaust emissions
after-treatment technologies, such as three-way catalyst (TWC), selective catalytic reduction
(SCR), diesel oxidation catalyst (DOC), and diesel particulate filter (DPF), typically require
sufficient temperature to achieve good purification or maintain normal operating condi-
tions [46]. These after-treatment devices may not operate at optimal temperatures during
the cold start phase, limiting their effectiveness in converting pollutants. Researchers have
revealed that the cold start CO emissions may account for more than 50% of total CO
emissions [47-49]. The increase in NOx and PNy emission factors was greater than that of
CO emission factors, suggesting that NOx and PN emissions from the gasoline vehicle
were more impacted by the cold start phase and road conditions. In addition, in terms
of emission values, the emissions of CO, NOx, and PNy during urban trips accounted
for 39.5%, 51.3%, and 53.7% of the total emissions, respectively. The CO, NOy, and PNjq
emissions during rural and motorway trips accounted for 60.5%, 48.7%, and 46.3% of the
total emissions, respectively. It indicated that gasoline vehicles emit more NOx and PNy
in urban conditions and more CO in rural and motorway conditions.

3.1.2. Short Trips

The emission factors of CO, NOx, and PNy for the full trips during short trips were
also lower than the limit values of the China VIb emission standard by 111.88 mg/km,
92.57 mg/km, and 4.18 x 10" #/km, respectively. The values of CO, NOx, and PNyg
emissions during urban trips accounted for 46.8%, 50.7%, and 32.8% of the total emissions
for short trips, respectively. The differences in CO, NOx, and PNy emission factors between
standard and short trips for the gasoline vehicle are presented in Figure 2. The CO and PNy
emission factors increased approximately two-fold after the shortened test trips compared
with the standard trips, while NOx emission factors showed no significant change. The
percentage of NOx emission values for urban trips in short trips was close to that for
standard trips. To explore the reasons for the large changes in CO and PNy emission
factors between standard and short trips, we presented time-solved emission data for CO
and PNy from the gasoline vehicle in Figures 3 and 4.
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Figure 2. CO, NOy, and PNy, emission factors for (a) gasoline, (b) diesel, and (c) hybrid electric
vehicles during standard and short trips.
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Figure 3. Time-solved CO emissions for the gasoline vehicle on (a) standard and (b) short trips.
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Figure 4. Time-solved PNy emissions for the gasoline vehicle on (a) standard and (b) short trips.

The high levels of CO emissions observed in both standard and short trips can be
predominantly caused by the cold start phase, as well as during certain periods of vehicle
acceleration. Moreover, the percentage of CO emission values for urban trips in short trips
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(46.8%) was higher than that for standard trips (39.5%). This phenomenon underscores the
significance of engine warm-up and efficient acceleration strategies in mitigating emissions.
During the cold start phase, when the engine is not fully warmed up, incomplete fuel
combustion leads to a disproportionate increase in CO emissions. Specifically, the emission
data reveal that the CO emissions generated solely during the cold start phase constitute
approximately 25% of the total CO emissions recorded during standard trips and an even
more pronounced 28% for short trips. The increase in the CO emission factors for short
trips can be attributed to two main factors. First, the total CO emissions during standard
and short trips are relatively similar. Second, more critically, the mileage of short trips has
been reduced by roughly half, leading to a corresponding reduction in the denominator
(i.e., total distance traveled) for calculating the emission factor.

The PNy emission factors for the two trips differed considerably. The increase in
the PNy emission factors may be due to the sudden hard braking during the rural trip,
which produced very high PN emissions for a few seconds. Such braking events generate
intense friction and heat, leading to the rapid formation and release of fine particles into
the atmosphere. In addition, PN emissions during motorway trips were higher for short
trips than during standard trips. On motorway trips, even during short trips, vehicles
usually tend to travel at higher speeds and may experience more frequent acceleration
and deceleration, which can exacerbate more particle emissions. In addition, most of the
vehicles that meet the China VI emission standard currently adopt the automatic start-stop
system to enhance the fuel economy of the engine. An automatic start-stop system means
that the engine is turned off when the vehicle stops temporarily (e.g., waiting for a green
light), and the system automatically restarts the engine when the vehicle must continue.
Although the system can decrease the fuel consumption of vehicles, it is possible that the
system could lead to higher PN emissions when the vehicle is in real-world operation [50].

3.2. Diesel Vehicle
3.2.1. Standard Trips

The emission factors of CO, NOy, and PNy from the diesel vehicle during standard
trips are shown in Table 3. The emission factors of CO, NOx, and PNy for the full trip
were 6.10 mg/km, 9.88 mg/km, and 3.06 x 10° #/km, respectively, all of which meet the
limit values of the China VIb emission standard. The NOx emission factor in this study
was lower than that of Euro 6b light-duty diesel trucks in Korea studied by Ro et al. [51]
(550-1830 mg/km). Moreover, the emission factors of CO and NOx were higher for the
urban trip than for the full trip. On the contrary, the emission factors of PNyq for the urban
trip were lower than those for the full trip. This observation suggests that PNy emissions
from the diesel vehicle may be less affected by the cold start phase. In particular, the
emission factors of NOx for the diesel vehicle increased more than the emission factors
of CO, indicating that NOx emissions were more influenced by the cold start phase and
road conditions compared with CO emissions. In addition, in terms of emission values, the
urban trip accounted for 64.3%, 83.1%, and 30.9% of the total CO, NOx, and PNy emissions,
respectively. Rural trips and motorway trips accounted for 35.7%, 16.9%, and 69.1% of
the total CO, NOy, and PNy emissions, respectively. This indicated that diesel vehicles
emit more CO and NOx in urban areas and more PNjg in rural areas and motorways.
These findings highlight the need for targeted emission reduction policies for different
driving environments.

3.2.2. Short Trips

The emission factors of CO, NOy, and PNy for the full trips during short trips were
6.77 mg/km, 17.87 mg/km, and 5.44 x 10° #/km, respectively, all of which meet the limit
of the China VIb emission standard. The values of CO, NOx, and PNy emissions during
urban trips accounted for 81.4%, 83.0%, and 14.8% of the total emissions for short trips,
respectively. The differences in CO, NOx, and PNjy emission factors between standard
and short trips for the diesel vehicle are indicated in Figure 2. Notably, after reducing the



Sustainability 2024, 16, 9453

9 of 15

length of the test trips, the emission factors of NOx and PNy exhibited an approximately
two-fold increase compared with the standard trips. In contrast, the CO emission factors
remained relatively unchanged, indicating that the duration of the trip may have a lesser
impact on CO emissions from the diesel vehicle.

Figures 5 and 6 present the time-solved emission data for NOx and PNy from the
diesel vehicle. Figure 5 reveals that the increase in NOx emissions for both standard and
short trips occurred primarily in the cold start phase and the urban trip. Similar to the
CO emission factor for the gasoline vehicle during short trips, the increase in the NOx
emission factor from the diesel vehicle during short trips was caused by the closeness of
the total NOx emissions for the standard and short trips, as well as the halving of the
mileage traveled.
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Figure 5. Time-solved NOx emissions for the diesel vehicle on (a) standard and (b) short trips.
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Figure 6. Time-solved PNy emissions for the diesel vehicle on (a) standard and (b) short trips.

In addition, as illustrated in Figure 6, the PN emission factors were notably elevated
during the motorway trip of the short trips. However, the percentage of PNy emission
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values for urban trips in short trips (14.8%) was significantly lower than that for standard
trips (30.9%). This observation indicated that short trips have more PNy emissions during
rural and motorway trips. Under specific driving conditions, such as those encountered
on motorways, there is a tendency for higher PNj emissions from diesel vehicles. These
conditions include factors like increased vehicle speeds, acceleration, and deceleration,
which can affect the combustion process and the particle emissions subsequently.

3.3. Hybrid Electric Vehicle
3.3.1. Standard Trips

The emission factors of CO, NOy, and PNy for the hybrid electric vehicle during
standard trips are shown in Table 3. The emission factors of CO, NOy, and PNy for the
full trip were 224.16 mg/km, 8.92 mg/km, and 3.86 X 10° #/km, respectively, all of which
comply with the limits of the China VIb emission standard. The CO and NOx emission
factors in this study were slightly higher than those in studies by Jaworski et al. [52]
(195.5 mg/km and 3 mg/km), Skobiej and Pielecha [53] (92.4 mg/km and 5.03 mg/km),
and Zheng et al. [54] (154.8 mg/km and 2.7 mg/km), and the PNy emission factor was
lower than those by Skobiej and Pielecha [53] (5.43 x 10! #/km) and Zheng et al. [54]
(2.45 x 101 #/km).

Additionally, the CO emission factor for the urban trip (82.67 mg/km) was lower
than that for the full trip. In contrast, the NOx and PNy emission factors for the urban
trip were higher than those for the full trip due to the fact that the hybrid electric vehicle
was powered more by electric energy during the urban trip. The researchers found that
hybrid electric vehicles had significantly higher PN emissions during cold starts compared
with hot starts [45]. Furthermore, in terms of emission values, the urban trip accounted for
12.0%, 43.2%, and 50.0% of total CO, NOyx, and PNj( emissions, respectively. Rural trips
and motorway trips accounted for 88.0%, 56.8%, and 50.0% of total CO, NOx, and PNy
emissions, respectively. Specifically, the hybrid electric vehicle produced relatively low CO
emissions in urban areas, suggesting a potential advantage of hybrid electric vehicles in
mitigating urban air pollution. Emissions of NOx and PNjo were comparable in urban, as
well as rural, and motorway areas.

3.3.2. Short Trips

The emission factors of CO, NOy, and PNy for the full trips during short trips were
440.42 mg/km, 10.83 mg/km, and 9.37 x 10° #/km, respectively, all of which meet the
limit values of the China VIb emission standard. The values of CO, NOyx, and PNy
emissions during urban trips accounted for 17.2%, 48.6%, and 56.5% of the total emissions
for short trips, respectively. The differences in CO, NOx, and PN emission factors between
standard and short trips for the hybrid electric vehicle are presented in Figure 2. Compared
with the standard trip, the shortened test trip resulted in approximately a two-fold increase
in the CO and PNjp emission factors and a slight increase in the NOx emission factor.
Moreover, the short and standard trips have similar emission percentages of CO, NOx, and
PNy for urban trips.

The time-solved emission data for CO, NOx, and PNjg from the hybrid electric vehicle
are demonstrated in Figures 7-9. The increase in CO emissions for both standard and short
trips occurred mainly at the cold start phase and the urban trip, as shown in Figure 7. The
hybrid electric vehicle increased the CO emission factor during short trips for the same
reasons as the gasoline vehicle, i.e., close total CO emissions and reduced mileage. In
addition, the increase in the PNjy emission factor was attributed to the very high PNy
emissions for a few seconds during the cold start phase and the motorway trips during
short trips, and the total PNjy emissions were close to those of the standard and short trips.
The increase in NOx emission factors for short trips was relatively low compared with CO
and PNy emission factors, with NOx emissions of 0.71 g and 0.40 g for standard and short
trips, respectively. Furthermore, the NOx emissions all occurred mainly during the cold
start phase, vehicle acceleration, and motorway trips. It showed that the shortened trip
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had a lower impact on the NOx emission factor of the hybrid electric vehicle compared
with CO and PNy, emission factors.
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Figure 7. Time-solved CO emissions for the hybrid electric vehicle on (a) standard and (b) short trips.
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Figure 8. Time-solved NOyx emissions for the hybrid electric vehicle on (a) standard and
(b) short trips.

In addition, it is noteworthy that the transient emissions of CO, NOx, and PNy during
acceleration periods were more prominent in hybrid electric vehicles than in gasoline and
diesel vehicles. This phenomenon may be due to the powertrain of the hybrid electric
vehicle switches from electric to fuel mode during the acceleration process. At this time
the supply of gasoline increases rapidly. However, this sudden increase in the amount of
gasoline made it difficult to fully combust in a short period, leading to increased incomplete
combustion and higher instantaneous pollutant emissions.
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Figure 9. Time-solved PNjy emissions for the hybrid electric vehicle on (a) standard and
(b) short trips.

4. Conclusions

Shortening the RDE test trip can enhance the test efficiency, lower test costs, and better
reflect the significant impact of cold starts on emissions results. To determine the feasibility
of shortening the test trip for the RDE test and to explore the effect of shortened test trips
on CO, NOy, and PN emissions, we measured the emissions of CO, NOy, and PNy, from
gasoline, diesel, and hybrid electric vehicles based on PEMSs for standard and short trips.
The main conclusions obtained are as follows:

The emission factors of CO, NOy, and PNy conformed to the China VIb emission
standard for both standard and short trips, indicating that shortening the test trip of RDE
may not affect the type approval results of vehicles. However, in terms of the pollutant
emission factors, the shortening of trips had an impact on the pollutant emission factors
of different vehicles. For the gasoline vehicle, compared with the standard trip, the CO
and PN emission factors for the short trip increased by about two times, while the NOx
emission factor was not significantly changed. For the diesel vehicle, the NOx and PNjg
emission factors for short trips increased approximately twice compared with those of the
standard trips, while the CO emission factor was not changed significantly. For the hybrid
electric vehicle, the shortened test trips led to approximately a two-fold increase in the CO
and PNy emission factors and slight increases in NOx emission factors compared with the
standard trip.

The results demonstrate that shortening the test trip of the RDE affected the CO,
NOy, and PNy emissions differently for different vehicles. In future studies, it can be
systematically evaluated whether to shorten the test trip of the RDE for the types of
pollutants that need to be emphasized in the test. Such a targeted approach has the
potential to not only streamline testing procedures and mitigate costs but also to align
with the broader goals of promoting sustainable development within the automotive and
transportation industries. In addition, the differences in vehicle pollutant emissions in this
study also indicate that it is important to explore the causes of pollutant emissions from
multiple perspectives, such as engine performance, driving behavior, and road conditions.
Moreover, this study has some limitations in terms of sample size. Future studies can
increase the sample size, thereby improving the accuracy of the test results. Furthermore,
vehicle pollutant emissions can be reduced by promoting smoother driving strategies,
optimizing engine calibration during cold start and acceleration phases, and investing in
infrastructure improvements (e.g., the use of dust-suppressing materials and improved
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pavement design). These measures, combined with cleaner vehicle technologies that are
being developed, can help reduce the effects of vehicle pollutant emissions on human
health and the environment and contribute to sustainable development.

The views expressed in this study may not be regarded as the official position of
the authority.
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