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Abstract 
In order to understand the emission of plug-in hybrid electric vehicle (PHEV) in 
different electric quantity intervals during the actual road running, this paper 
adopts portable vehicle-mounted emission testing equipment to carry out the 
actual road running emission test on a PHEV (BYD Song) that meets the national 
five regulations. The emission and energy consumption differences of vehicles in 
different electric range, electric consumption mode and charging mode are ana-
lyzed. The test results show that when the electric quantity is in the range of 
80%-65%, the gaseous pollutant emission and fuel consumption of the vehicle 
are significantly reduced, showing better emission characteristics and fuel 
economy. When the vehicle is in charging state, the engine to provide power to 
the vehicle at the same time to charge the battery, so that the engine running load 
is high, resulting in a significant increase in vehicle emissions. 
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1. Introduction 

Plug-in hybrid Electric Vehicle (PHEV) is a new vehicle derived from hybrid electric vehicle (HEV). The functions 
of this vehicle are between hybrid electric vehicle and pure electric vehicle (EV). It not only has the hybrid oil-electric 
operation mode of HEV, but also has the pure electric operation mode of EV. It is a new form of HEV vehicle transition 
to EV vehicle. PHEV can not only make full use of electric energy, but also reduce the consumption of traditional fossil 
fuels. It also has the advantages of pure electric vehicles and hybrid electric vehicles, and has better fuel economy and 
emission performance [1]. Therefore, IT has become a hot research and development topic in the field of new energy 
vehicles. 

A large number of studies have shown that the currently used laboratory test cycle cannot cover the operating condi-
tions under actual driving conditions, and there may be a big difference between the test results of laboratory emissions 
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and the actual emissions [2]. In order to reduce this difference, the application of Portable Emission Measurement Sys-
tem (PEMS) to vehicle emission assessment has developed rapidly in recent years. PEMS test results can truly reflect 
the emission characteristics of vehicles in the actual driving process, and various countries have successively incorpo-
rated PEMS into the emission standard system [3-4]. 

In this paper, a PHEV (BYD Song) that meets the national five regulations was selected to carry out the actual road 
emission test by using Portable Emission Measurement System (PEMS) to collect the instantaneous emission data of 
the vehicle. The influence of different electric quantity on vehicle energy consumption and emission in hybrid mode is 
studied. 

2 Test vehicles and test routes  
2.1 Test vehicle 

In this paper, BYD Song was selected for testing in HEV mode, and the specific information of the test vehicle is as 
follows: 

Project Technical parameter 

Engine technology Gasoline in-cylinder direct injection + turbo charging 

Engine capacity 1.5L 

Engine type BYD476ZQA 

Engine rated power 105kW 

Intake method Supercharged and mid-cooling 

Emission Standard Country V 

Quality 2135kg 

Drive mode Motor + Engine 

Post-processing Three-way catalysis 

Total mileage 19543km 

2.2 Test route  
According to HJ 857-2017 "Measurement Methods and Technical Requirements for Exhaust Pollutants from 

Heavy-Duty Diesel Vehicles and Gas Fuel Vehicles" [6] and GB19755-2016 "Requirements and Measurement Methods 
for Pollutant Emission Control of Light-Duty Hybrid Electric Vehicles" [7], the test route of the test is selected. During 
the test, the proportion of urban roads, suburban roads and expressways is 20%, 25% and 55% respectively. The specif-
ic route is: starting from the test site - Libao Village, Daxing District - Caiyu Town - Wanggezhuang - Shiyuan Bridge - 
Beijing-Shenzhen Expressway - Qingyundian Town - back to the original test site. 

 
Figure 1. Vehicle test circuit diagram.  
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3 Experimental Design  
3.1 Test equipment 

The Semtech-Ecostar vehicle-mounted analysis system produced by Sensors Corporation of the United States is used 
to measure the pollutants, as shown in Figure 2. 

 
Figure 2. Vehicle emission testing facility semtech-Ecostar. 

Semtech-Ecostar uses non-dispersive infrared (NDIR) to measure CO and CO2 in exhaust pollutants, and uses 
non-dispersive ultraviolet analyzer (NDUV) to measure exhaust pollution NO and NO2 in the material, THC was meas-
ured by heated hydrogen ion flame analysis method (HFID). The measurement range and measurement accuracy of 
SEMTECH for each gaseous pollutant are shown in Table 1. 

Table 1. Measurement accuracy of various gaseous pollutants in SEMTECH 

Pollutants Measuring range Resolution Measurement accuracy 

CO2 0-20% 0.01% ±3% 

CO 0-8% 10ppm ±50ppm 或±3% 

THC 

0-100ppm 0.1ppm ±5ppm 或±2% 

0-1000ppm 1ppm ±5ppm 或±2% 

0-10000ppm 1ppm ±25ppm 或±2% 

NO 0-2500ppm 1ppm ±15ppm 或±3% 

NO2 0-500ppm 1ppm ±10ppm 或±3% 

PEMS needs to be preheated for about 45 minutes before use. After preheating, pure N2 is used for zero calibration, 
and standard gas is used for accuracy and precision calibration to ensure the accuracy of the instrument measurement. 
The SEMTECH-DS flow meter EFM can guarantee a response time of 1 second, and can also reduce fluctuations in 
exhaust pressure when the exhaust flow is low, ensuring the stability of data recording. The flowmeter also has its own 
cleaning function. The pressure pipe can be cleaned by gas backflushing before and after the measurement to ensure the 
cleanliness of the sampling port and the sampling pipe. SEMTECH-DS comes with GPS, which can record information 
such as longitude, latitude and speed of the vehicle during driving. The test site is shown in Figure 3. 

 
Figure 3. PEMS actual Road Test diagram. 
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3.2 Test procedure  
The test vehicle needs to be filled to 95% capacity and left for more than six hours before the test can be carried out. 

During the test of vehicle power consumption mode, the vehicle was normally started, the hybrid mode was selected, 
and the second-by-second emission data from 95% power consumption to 80% power consumption and from 80% 
power consumption to 65% power consumption were recorded. When conducting the vehicle power maintenance mode 
test, record the vehicle's second-by-second emission data from 51% power consumption to protected mode (15% power) 
and the second-by-second emission data from protected mode (15% power) back to 51% power. 

4. Comparative analysis of test results  
4.1 Comparative analysis of emission results in electricity consumption mode 

The vehicle-mounted emission testing equipment PEMS is used to conduct actual road emission tests, collect instan-
taneous emission data of vehicles running under different power levels, and compare and analyze the emissions of ex-
haust pollutants CO, HC and NOx. 

As can be seen from Figure 4, when the vehicle starts to cold start from 95% power, due to the low temperature, in 
order to ensure the normal start of the vehicle, the engine needs to inject fuel quickly and heat up in time, so that the 
gasoline is not fully burned and the temperature is too high, resulting in exhaust pollution. Instantaneous peaks appear. 
Calculate CO, HC and NOx emission factors and fuel consumption per 100 kilometers and conduct comparative analy-
sis. 

It can be seen from Table 2 that when the vehicle is reduced from 95% to 80%, the CO emission factor is 0.8591 
g/km, the HC emission factor is 0.1041 g/km, the NOx emission factor is 0.0330 g/km, and the fuel consumption per 
100 kilometers is 2.9586 L/100km; when the vehicle is reduced from 80% to 65%, the CO emission factor is 0.1768 
g/km, the HC emission factor is 0.0019 g/km, the NOx emission factor is 0.0211 g/km, and the fuel consumption per 
100 kilometers is 2.1073 L /100km. 

The CO emission factor, HC emission factor and fuel consumption per 100 km of the vehicle from 95% to 80% of 
the electricity were 4.86 times, 9.56 times and 1.4 times of the vehicle's electricity consumption from 80% to 65% of 
the electricity, respectively. The reason for the analysis is that in the process of vehicle power consumption from 80% to 
65%, due to the relatively small battery power, the engine does more work, and the gasoline burns more and the com-
bustion is relatively sufficient, which makes the CO and HC emission factors and fuel consumption per 100 kilometers 
relatively low. When the vehicle consumes 95% of the electricity to 80% of the electricity, due to the relatively suffi-
cient electricity, the engine does less work, the gasoline burns less, and the response is slow, resulting in a high NOx 
emission factor. 

Comparing the emissions of the vehicle in the two states of electricity, it is found that when the electricity is at the 
middle point (about 50%), the vehicle can not only reduce the emission of gaseous pollutants, but also reduce the fuel 
consumption, which is a relatively environmentally friendly driving state of the vehicle. 

 
Figure 4. Comparison of exhaust pollutant emissions. 

Table 2. Comparison of exhaust pollutant emission factors and fuel consumption per 100 kilometers 

vehicle status CO（g/km） HC（g/km） NOx（g/km） fuel consumption（L/100km） 

95%-80% 0.8591 0.1041 0.0330 2.9586 

80%-65% 0.1768 0.0109 0.0211 2.1073 
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4.2 Comparative analysis of emission results in power consumption mode and charging mode 
The vehicle emission testing equipment PEMS was used to carry out actual road emission tests, and the 

second-by-second emission data of vehicles in power consumption mode and charging mode were collected, and the 
emissions of exhaust pollutants CO, HC and NOx were compared and analyzed. 

 
Figure 5. Comparison of exhaust pollutant emissions 

It can be seen from Figure 5 that during the recycle process, the incomplete combustion of gasoline caused by the en-
gine's full power work results in high CO emissions. Since the vehicle starts charging and running from the lowest 
power, when the engine initially works, the gasoline is not well mixed with the air, resulting in an instantaneous peak in 
HC emissions and an increase in emissions. When the vehicle is running in the power consumption mode, due to suffi-
cient power, the battery plays a leading role, and the engine response time is relatively long, resulting in an instantane-
ous peak of NOx emissions during power consumption and an increase in emissions. 

CO, HC and NOx emission factors and fuel consumption per 100 km were calculated and compared. 
Table 3. Exhaust pollutant emission factors and fuel consumption comparison table 

vehicle status CO（g/km） HC（g/km） NOx（g/km） fuel consumption（L/100km） 

Power consumption mode 
50%-15% 0.8067 0.0182 0.0427 6.8030 

charging mode 
15%-50% 1.4400 0.0879 0.0244 9.8574 

 
It can be seen from Table 3 that when the vehicle is reduced from 50% power to protection mode (15% power), the 

CO emission factor is 0.8067 g/km, the HC emission factor is 0.0182 g/km, and the NOx emission factor is 0.0427 g/km. 
The fuel consumption per 100 kilometers is 6.8030 L/100km; when the vehicle is charged from the protection mode 
(15% charge) to 50% charge, the CO emission factor is 1.4400g/km, the HC emission factor is 0.0879 g/km, and the 
NOx emission factor is 0.0244 g/km km, the fuel consumption per 100 kilometers is 9.8574 L/100km. 

The CO emission factor, HC emission factor, and fuel consumption per 100 kilometers in the charging mode are 1.79 
times, 4.83 times, and 1.45 times higher than those in the power consumption mode, respectively. The reason for the 
analysis is that because the vehicle's power has been consumed to the lowest value, the normal driving of the vehicle 
requires the engine to provide power. When the engine provides power to the vehicle, it also needs to charge the battery. 
Due to the large amount of work, the gasoline and air are not fully mixed and burned, resulting in high CO, HC emis-
sion factors and fuel consumption per 100 kilometers. The NOx emission factor in the power consumption mode is 1.75 
times that in the charging mode. The reason for the analysis is that in the initial stage of operation and when the power 
is about to drop to a minimum, in order to ensure the timely start of the vehicle and the life of the vehicle battery, the 
engine needs to respond quickly. The internal gas temperature rises rapidly, resulting in an increase in NOx emissions. 

5. Conclusion 
1) When the vehicle runs in the power consumption mode, compared with other power states, the gaseous pollutants 

emitted and fuel consumption generated by the vehicle when the power is between 80% and 65% are low. When the 
vehicle runs in this power range, carbon emission and fuel consumption per 100 km can be well reduced, with good 
emission characteristics and fuel economy. 

2) Compared with charging mode, when the vehicle is in charging state, the engine needs to do work to charge the 
battery while providing power to the vehicle. At this time, the engine will be in a high load state, resulting in a substan-
tial increase in gaseous pollutant emissions. 
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