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Background 
The Volkswagen Group (VW), with its headquarters in Wolfsburg, Germany, is a large automobile 
manufacturer that comprises 12 brands from seven European countries: Volkswagen Passenger Cars, 
Audi, SEAT, ŠKODA, Bentley, Bugatti, Lamborghini, Porsche, Ducati, Volkswagen Commercial 
Vehicles, Scania, and MAN. 
 
The Third Partial Consent Decree requires Volkswagen AG, Audi AG, and VWGoA to retain an 
independent third-party to conduct portable emissions measurement systems (PEMS) testing of Model 
Year (MY) 2017, 2018, and 2019 vehicles. This test program requires PEMS measurement of regulated 
criteria air pollutants and CO2 under certain conditions as set forth in the Third Partial Consent Decree. 
The MY 2017 report was prepared last year and is available online. This report includes the test results 
of the MY 2018 vehicles in the U.S. Market. 
 
 
Approach 
The test plan was approved by the U.S. EPA and carried out by a third-party, the University of 
California, Riverside (UCR). For 2018, the plan includes emissions testing of eleven vehicles on public 
roads, over a range of conditions, utilizing PEMS. Emissions measured and reported include oxides of 
nitrogen (NOx), carbon monoxide (CO), carbon dioxide (CO2), and total hydrocarbons (THC). All 
vehicles were tested, configured, and operated by UCR and were independent of VW operations. 
Measurement quality control checks were performed with calibrated / certified gases before and after 
PEMS testing so the data provided in this report is valid and representative. The following three on-road 
cycles (City, Highway, and Mountain) were performed in the Los Angeles, CA area. 

Results1 
The MY 2018 vehicles were tested between July 16, 2018 and August 19, 2018. The results are presented 
in the following tables. All vehicles were tested while fueled with commercially available E10 gasoline. 
Table 1 shows the vehicles tested, Table 2 lists the summary on-road emission results, and Tables 3, 4, 
and 5 list the route summary statistics.

                                                 
1 The original version of this report, dated November 27, 2018, was updated on October 9, 2019, to add footnotes 3 and 5 
to Tables 3 and 5, respectively.  No other changes were made to the original version of this report. 
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PEMS application. In conjunction with the emissions measurements, the AVL PEMS system provides 
GPS data (route, vehicle speed, altitude, and acceleration) on a second by second basis from the 

an OBD connection. The AVL 
PEMS was developed for the real driving emissions (RDE) and other regulatory compliance 
applications.

The AVL PEMS uses a UV analyzer for NO/NO2 measurements. This UV analyzer measures NO and 
NO2 simultaneously and directly, without the need of a converter. The analyzer provides good 
performance in terms of stability, with drift of just a few PPM over several hours. For CO/CO2
measurements, an NDIR analyzer is used. This NDIR analyzer is optimal for a low drift and a high 
accuracy of the CO channel, even at very low measurement ranges. 

An external Cutter FID module  of AVL PEMS to include 
methane exhaust gas concentrations of diesel, gas, or gasoline engines and vehicles. The module was 
mounted outside the vehicle on a hitch for this testing. The exhaust gas is passed through it to the 
PEMS unit via a heated transfer line. The module is fully integrated into the AVL PEMS system. This 
system has been approved as meeting all DOT requirements relating to the carrying of FID fuel 
during on-road testing.  

The AVL M.O.V.E Exhaust Flow Meter (EFM) measures the exhaust gas flow of vehicles with diesel 
or gasoline engines, as shown in Figure 2. It is based on the differential pressure measurement 
principle and consists of two measuring tube and an EFM control 
box, including the pressure transducers and the calculation unit. The EFM measuring tube is directly 
mounted at the tailpipe of the vehicle under the enclosure case, as shown below. The exhaust flow is 
needed to calculate the mass emissions from the measured exhaust gas emission concentrations. 
Depending on the engine size and type, different sizes of EFM measuring tubes are available. 
Typically a 2.5" EFM is sufficient to cover the exhaust flow range for a typical passenger vehicle, but 
3" EFM tubes are available if necessary for a larger displacement engine-equipped vehicle.  

The AVL M.O.V.E EFM control box measures the static and dynamic pressures as well as the 
exhaust gas temperature and calculates the exhaust flow based on pitot principle. For accurate 
measurements, even at highly dynamic flow conditions in the exhaust duct, pressure transducers with 
very high data rates (5 kHz) are used. The internal temperature of the control box is controlled at 
~50°C to avoid condensation and to ensure stable flow measurements even at changing ambient 
temperatures. The EFM control box is fully integrated into the AVL PEMS system and was operated 
via the AVL M.O.V.E system control. The EFM control box is separated from the EFM tube and was 
installed outside the vehicle for this testing. This reduces the weight of the EFM tube itself and makes 
the installation on the tailpipe more convenient. For the connection of the EFM control box to the 
EFM, a combined pneumatic and electrical hybrid cable is used to minimize the number of cables 
needed for installation. 
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The specifications for the AVL PEMS system are provided in the following Table 2.  

Table 2. Specifications for AVL PEMS system 
Operating temperature 
(ambient) 

-10°C to 45°C 

Storage temperature -40°C to +70°C (Oxygen sensor needs to be removed below 0°C and above 50°C) 
Dimensions (w*h*d) Measuring module: ~ 500 mm *350 mm *374mm with protection cover: ~ 590 mm 

*480 mm *447mm 
Weight < 30kg (NOx module) 
Warm-up time ambient temperature conditions 
Power demand 22V to 28V DC, appr. 250W at 20°C ambient temperature (with 1.25m sample line 

and after warm up) 
Sample flow rate < 3.5l/min 
Sampling conditions End of tail pipe, -+50 mbar relative pressure 
Inputs/outputs electrical 1x heated line connectors 

1x ethernet (TCP/IP ) 
Measurement range NO/ NO2:

0 - 5,000 ppm (NO) 
0 - 2,500 ppm (NO2)
CO/ CO2: 0 - 5 vol% (CO), 0 - 20 vol% (CO2)

Accuracy CO: 0  1,499 ppm: +-30 ppm abs., 1,500 ppm  49,999 ppm: +-2% rel.; 
CO2: 0  9.99 vol.%: +- 0.1 vol.% abs., 10 - 20 vol.%: +-2% rel. 
NO: 0  5,000 ppm: +-0.2% FS or +-2% rel. 
NO2: 0  2,500 ppm:  +-0.2% FS or +-2% rel. 

Zero drift CO: 20 ppm/8h, CO2: 0.1 vol%/8h, NO: 2 ppm/ 8h NO2: 4 ppm/8h 
Span drift CO:  or 2% rel./8h 

CO2:
NO/ NO2:

Linearity s  and R2: >= 0,999 
*Device fully warmed up, 24 V supply, laboratory conditions and using dry calibration gases 

For on-road testing, a chase vehicle was used in conjunction with the actual test vehicle. The chase 
vehicle was driven behind the test vehicle to provide protection for the AVL PEMS system. This 
helped minimize any damage that could have occurred during on-road testing and associated driving. 
A picture of a typical on-road test from a chase vehicle is provided in Figure 4. 
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Quality assurance and quality control (QA/QC) 
An important element of this testing is that the instrumentation was maintained at the highest possible 
level in terms of QA/QC. UCR worked directly with AVL to ensure all QA/QC metrics were met. 
The two PEMS systems, provided by AVL, came fully calibrated in accordance with the 1065 
calibration criteria. This included all annual, bi-annual, and monthly checks per the CFR 1065 subpart 
J. AVL performed additional calibrations, as required during the course of testing, and will perform 
annual calibrations in between the testing campaigns for the vehicles tested. QA/QC checks were also 
performed as part of the daily, monthly, and test-to-test routines. The QA/QC were largely done as 
part of automated processes within the CONCERTO software. This included a series of pre- and post-
test checks, as well as linearity and other checks.  

Engine parameters 
The engine parameters were requested as listed in the test plan for this testing program. These include 
MIL information, temperatures, velocity, and other emissions-related PIDs. Some parameters were 
not available due to equipment not installed on the vehicle (lambda, B3, and torque data).  

Vehicle operation 
All vehicles were operated by the same university student for the MY 2018 testing. The fuel utilized 
was based on the recommendations from the vehicle fuel label utilizing standard pump fuel (E10). 
One vehicle was a plug-in hybrid vehicle (PHEV) and was operated in EV (electric driving) mode, the 
default driving mode. The vehicle was first charged to full charge (100%), then the vehicle was 
utilized for testing in EV mode. The battery was at 0% by the time the testing was started. 

Equipment and test notes 
During the MY2018 testing there were three instrument-related issues 1) methane analyzer 
overheating, 2) humidity sensor connection, and 3) ECM connection. In addition there were also 
route-related issues where the road was closed and the route could not be followed. The methane 
analyzer overheating occurred on multiple tests, the humidity sensor connection issue occurred on one 
test, the ECM connection issue occurred on two tests, and road closures occurred on two tests. All 
tests with instrument and route related issues were repeated, and both data sets are available.

The methane analyzer was subjected to higher temperatures during the city route this year compared 
to MY2017 testing (exceeded the 45 °C max inlet temperature). Given the issues with the methane 
analyzer, UCR, using good engineering judgment, chose to calculate NMHC from THC as allowed by 
the applicable regulations. No other measurement systems were compromised by analyzer 
temperature. 

The humidity sensor was working during the pre-test checks, but during driving and testing, the 
sensor stopped working and reported invalid data to the measurement system. The humidity data is 
used to calculate humidity-corrected NOx values. This summary report only includes the correct 
humidity test runs, but both data sets are available. 
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The ECM connection was working during all pre-tests and while driving to the test route. The ECM 
connection stopped working during two tests (one city and one mountain route test). The ECM signals 
are needed for distance calculation, so these tests were repeated, but all data sets are available. 

Two times, on the city route, there was road construction, and the driver was detoured to a different 
path than what was approved in our test plan. The road closures were removed later in the day, and 
UCR repeated these routes after the roads re-opened. 




