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APRIL joint meeting of the Emissions Measurement and Modelling Group and 
Transport Group 
 
Meeting at City Hall, London SE1 2AA, on Tuesday 24 February 2015 at 10:30 am. 
 
Present: Helen ApSimon (Chair - Imperial College), Finn Coyle (TfL), David Hutchinson (Urban 
Research), Tim Oxley (Imperial College), Aravinth Thiyagarajah (Imperial College), Alaric Lester 
(Temple Group), David Vowles (DEFRA), Alan Robins (University of Surrey), Ruth Calderwood 
(City of London), Adam Moody (TfL), Charles Buckingham (TfL), Sukky Choongh-Campbell (LB 
Islington), Yvonne Pang (Riccardo-AEA), Guy Hitchcock (Riccardo-AEA), Ana Ventura (LB 
Waltham Forest), Nick Molden (Emissions Analytics), Kyri Eleftheriou-Vaus (RB Kensington & 
Chelsea), Rizwan Yunus (LB Ealing), Christine Park (Aecon), Agnieszka Griffin (GLA), Roger 
Barrowcliffe (Clean Air Thinking), Rosalind O’Driscoll (Imperial College), Gillian Cotter (Temple 
Group), Lucia Rodriguez-Perez (Temple Group), Iarla Kilbane-Dawe (DfT), Davene Chatter-
Singh (RB Kensington & Chelsea), Ayan Chakravartty (Mott Macdonald), James Bellinger (Arup), 
Andy Eastlake (Low Carbon Vehicle Partnership), Steve Moorcroft (Air Quality Consultants), 
Chetan Lad (CERC), Ben Warren (Amec Foster Wheeler), Hannah Davies (Amec Foster 
Wheeler), Gregor Stewart (King’s College London), Rob Arnold (Imperial College), Michele 
Hackman (Aecom), Daniel Mullick (Aecom), Robin North (Transport Systems Catapult), James 
Tate (University of Leeds), Jeremy Nerrett (WWREL Ltd). 
 
 
1 Introductions 
Helen ApSimon welcomed everyone to the meeting and introduced the speakers.  
 
2 COPERT 4 emission factors for Euro 6 diesel cars used in the NAEI and in the 

Emission Factors Toolkit   
Yvonne Pang, from Ricardo-AEA, began by explaining that COPERT is a model and database of 
vehicle emission factors developed on behalf of the European Environment Agency that is widely 
used throughout Europe to calculate emissions from road transport.  COPERT emission factors 
are in the form of equations that relate emission in g/km to the average speed of a vehicle in the 
drive cycle.  Both the NAEI and the EFT use an emission modelling approach and emission 
factors consistent with the COPERT 4 methodology.  The current NAEI (with emission data up to 
2013) and EFT (v6.0.2) are based on COPERT 4 v 10.0, which was released in November 2012. 
 
Euro 5 sets the limit on NOX emissions from diesel cars at 180 mg/km but Euro 6 reduces this to 
80 mg/km, which implies a 56% reduction.  Euro 6 will be delivered in two stages: Euro 6 in 2015 
and Euro 6c in 2018.  The Limit Value is the same but the test procedure is different.  The Euro 
6c legislation requires the use of Portable Emission Measurement Systems (PEMS) to ensure 
reductions in emissions under real-world driving conditions.  The Conformity Factor is the ratio of 
the measured real-world emissions to the Type Approval Limit Value. 
 
A series of slides illustrated the changes in emission factors for diesel cars and LGVs from Euro 
1 to Euro 6 in COPERT 4 v 10.0.  These showed NOX emissions from Euro 5 cars 23% higher 
than Euro 4 but Euro 6 cars 65% lower than Euro 5.  Factors for LGVs were not updated in this 
version of COPERT so it is assumed in the NAEI and EFT that LGVs will change in the same 
way as cars, i.e., Euro 5 LGVs have 23% higher emissions than Euro 4 but Euro 6 LGVs are 
65% lower than Euro 5. 
 
The latest version of COPERT, COPERT 4 v 11.0, was released in September 2014.  This has 
updated emission factors for Euro 5/V, 6/VI vehicles (cars, LGVs, HGVs and buses), including 
NOX, PM, HC, CO, NH3, N2O and NO2.  These are based on data from the latest version of the 
Handbook Emission Factors for Road Transport (HBEFA version 3.2).  However, only 19 Euro 6 
vehicles were tested and these all belonged to the ‘premium class’ so there are questions about 
how representative they are.  As there were no in-service Euro 6c vehicles available for testing, 
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the emission factors were based on ERMES (European Research Group on Mobile Emission 
Sources) prognosis of likely technologies to be adopted in order to meet the new test procedures.  
COPERT 4 v 11.0 now shows NOX emissions from Euro 5 cars just 7% higher than Euro 4 but 
Euro 6 cars still 65% lower than Euro 5 and Euro 6c 81% lower than Euro 5.  PEMS data for the 
Euro 6 ‘premium class’ cars tested reveals a considerable variation between the car models 
reflecting the different technologies adopted by manufacturers to achieve the more stringent 
emission limit.  Some studies have shown much higher Euro 6 emissions, with a Conformity 
Factor as high as 7! 1 
 
As there were no Euro 6 LGVs available for test, the HBEFA has assumed that the relative 
changes between Euro 5 and 6 apply equally to cars and LGVs.  The result is lower emission 
factors for Euro 5 and 6 LGVs than in the current NAEI and EFT. 
 
Primary NO2 factors are highly variable and depend on technology and exact configuration of the 
exhaust after-treatment system.  COPERT 4 v 11.0 assumes SCR to be the dominant de-NOX 
technology with some 70% of SCRs preceding the DPF and 30% of SCRs following the DPF. 
 
Yvonne Pang concluded by saying that diesel cars have performed poorly in respect of NOX 
emissions up to Euro 5.  Euro 6 will be delivered in 2 stages.  Initial results show reductions in 
NOX but these results vary widely depending on the technology.  Simply knowing the Euro 
standard is not enough!  From 2018 Euro 6c should deliver reduced real-world emissions 
because of the new test procedure, but only time will tell.  Primary NO2 emissions seem to have 
stabilised across recent Euro standards but the diesel Euro 6 cars tested so far show wide 
variations depending on the technology and its configuration.  It is reasonable to expect that Euro 
6 diesel LGVs will be similar to diesel cars. 
 
3 PEMS measurements of Euro 6 diesel car exhaust emissions & comparisons  
 with COPERT 
Nick Molden, from Emissions Analytics, began by explaining that Emissions Analytic PEMS 
(Portable Emission Measurement Systems) provides a test house in the UK and has tested over 
800 vehicles since 2011.  They conduct on-road test using laboratory-grade equipment with a 
precision of ± 2-3%, which is connected to the tailpipe and captures emissions for CO2, CO, NO, 
NO2 and total hydrocarbons at a frequency of 1 Hertz as well as the air temperature, pressure 
and humidity.  GPS is used to record the vehicle speed and altitude, and engine data is recorded 
via CANBUS.  The equipment weights approximately 95kg and uses auxiliary batteries.  A 
separate piece of equipment, Pegasor Mi2, records particle mass and number down to sub-23nm 
particles. 
 
Regulations for the implementation of Euro 6c which requires testing with PEMS are still being 
finalised.  There are currently two methods of PEMS data analysis, EMROAD and CLEAR, and 
EMROAD is likely to be the preferred method.  The target for full implementation is 2017. 
 
Illustrations were provided comparing PEMS data from Euro 5 and Euro 6 with speed dependent 
COPERT 4 v 10.0 emissions along the routes traversed for CO2 and NOX.  Although there is 
reasonable agreement when aggregated over urban or motorway sections, the PEMS data is not 
correlated with speed like COPERT but shows clear peaks coinciding with events like 
acceleration. This is not captured by the COPERT factors which effectively average over such 
events, but could be important for the test procedures defined for Euro 6c and for the effects of 
driving characteristics. It is planned to use the EnViVer model from TNO, which simulates 
instantaneous emissions, to explore this further.  
                                                
1  Yvonne Pang has added that her comment was based on the results from a study carried out by the 

International Council on Clean Transportation (ICCT).  From the Euro 6 vehicles tested under PEMS in 
their study, “the average, on-road emission levels of NOX were estimated at 7 times the certified 
emission limit for Euro 6 vehicles” (i.e., 7 x 80 mg/km).  For the ICCT report go to: 
http://www.theicct.org/sites/default/files/publications/ICCT_PEMS-study_diesel-cars_20141010.pdf  
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Of the two Euro 5 and three Euro 6 cars illustrated in this way (one Euro 5 and one Euro 6 car 
had 2.1 litre engines and the others 1.6 litre) only one vehicle met the 2015 CO2 limit of 130 g/km 
on one test cycle.  The results suggested some improvement from Euro 5 to Euro 6, and 
dependence on the engine size.  None of the vehicles analysed met the Euro standard for NOX, 
which raised the question of whether the even tighter Euro 6c standard is feasible.  As with CO2, 
there seemed to be some improvement from Euro 5 to Euro 6, especially on motorways.  
COPERT 4 v 10.0 again returned reasonable estimates for NOX averaged over differentiated 
motorway and urban sections, sometimes an overestimate and sometimes an underestimate. But 
again this is based just on speed and not allowing for peaks in emission with engine loading. As 
indicated in the previous talk COPERT 4 v 11.0 generally gives lower emission estimates than v 
10.0.   
 
Simultaneous measurement of NOX and NO2 with PEMS allows analysis of the fraction of NOX  
emitted as NO2 (f-NO2).  From the vehicles tested COPERT consistently underestimates primary 
NO2 emissions in urban areas, where the public exposure is greatest.  The PEMS data shows  
some very high percentages of primary NO2 in urban areas with a scatter of measurements 
between 50 and 90%; but lower values at higher speeds on motorways.  By comparison 
COPERT 4 v 11.0 assumes a constant 30% primary NO2 for diesel passenger Euro 6 cars.  
Measured primary NO2 emissions from Euro 6 cars were generally higher than Euro 5.  Also 
there was far more variability in emissions from the smaller engine cars  at higher speeds. 
 
In conclusion, Nick Molden said PEMS provides ‘real world’ emissions data and the associated 
vehicle operating parameters for analysis.  Peaks in emissions are related more to acceleration 
and changes in engine power than to the vehicle speed.  The speed dependency of COPERT 
emission estimates are not reflected by PEMS measured data.   Also there is evidence of some 
very high primary NO2 ratios for Euro 6 vehicles, especially in urban areas.  For the future, more 
research is needed using PEMS with more vehicles, taking into account the emissions control 
equipment fitted and how it is configured.  Also comparison of PEMS measurements with more 
detailed modelling of instantaneous engine emissions using models such as the Dutch EnViVer 
model. 
 
4 EURO VI light-duty emissions performance: Recent remote sensing measurements, 

and emission model (PHEM) results 
James Tate, from the Institute of Transport Studies at the University of Leeds, began by 
explaining and illustrating the procedure for remote sensing of vehicle emissions in Leeds (May 
2013) and Sheffield (December 2014).  The remote sensing equipment measures the ratios of 
CO, NO, and HC to CO2 in the exhaust plume of passing vehicles.  With known average 
NO2/NOX ratios for vehicle sub-categories (Euro 5 diesel car = 36.3%) the NO2/CO2 and 
NOX/CO2 ratios can be estimated.  PM10 opacity is measured, but not the particle mass, so this is 
referred to as an index.  For measurements to be valid, vehicles must be travelling between 5 
and 60 km/h, there must be an adequate CO2 plume, and the vehicle number plate must be 
recorded.  The number plate provides a link to anonymised DVLA data on the vehicle type and 
Euro category, fuel type and engine capacity, manufacturer and model, and the CO2 
performance. 
 
Advantages of remote sensing are: 
• Provision of ‘real world’, ‘on road’, or RDE (Real Driving Emissions) measurements; 
• Improved understanding of the emission performance of the overall vehicle fleet; 
• Information on emission trends, the degradation and ageing of technologies, on high-emitting 

vehicles, and on the composition of the vehicle fleet; 
• An ability to survey emerging technologies such as Euro 6 compliant vehicles; 
• Fast turn-round (one month), and a rich research resource. 
Disadvantages include: 
• This technique only provides a ‘snap-shot’ or ‘single-point’ measurements; 
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• Vehicle operating condition are unknown, such as the loading or whether it is cold-start or is 
hot-running; 

• Vehicles with elevated exhausts and lorries with ‘open’ chassis cannot be measured; 2 
• There are practical limitations including the need for dry weather conditions, the technique is 

relatively labour intensive, and suitable survey locations are limited. 
 
Slides illustrated the results of NOX and PM10 measurements in Leeds in autumn and winter of 
2014.  These showed a significant reduction in both the overall NOX emissions from Euro 5 to 
Euro 6 diesel cars and in the range of these emissions.  PM10 emissions fell progressively from 
Euro 2 to Euro 5 but Euro 6 was similar to Euro 5.  Slides also illustrated results from a site near 
Zurich, Switzerland, which has been in operation for 15 years in a location that ensures hot-
running.  These slides showed how the NOX/CO2 ratio had fallen significantly from Euro 5 to Euro 
6a and then a smaller fall to Euro 6b.  The PM index had fallen successively from Euro 1 to 5, 
then slightly to Euro 6a and again to Euro 6b.  Swiss data has the potential to look at individual 
vehicles over time, but this has not been done yet. 
 
The PHEM (Passenger Car and Heavy Duty Emission Model) instantaneous vehicle emission 
model was used to estimate emissions from a 160 km route around Sheffield.  Driving activity 
data, including the road gradients, on this route had been compiled in 2013.  This showed NOX 
emissions fluctuating around 0.6 g/km from diesel Euro 0 to Euro 5 but then falling to around 0.2 
g/km for Euro 6 and again for Euro 6c.  Emissions from petrol cars fell sharply from Euro 0 to 
Euro 3 but only slightly to Euro 5. 
 
In conclusion James Tate said that initial assessments suggested that Euro 6 vehicles are a 
significant improvement over Euro 5, but the Real Driving Emissions (RDE) are far in excess of 
the emission limits.  The worst performance can be expected in congested, urban driving 
conditions.  There is therefore a need for continuing review, not just an evaluation of the first 
generation of Euro 6 vehicles from premium manufacturers, but from the volume producers.  The 
effects of the emission control technologies deteriorating over time, incorrect SCR dosage, and 
the removal of emission control equipment (e.g., DPFs) are all unknown. 
 
During the subsequent discussion Guy Hitchcock, from Riccardo-AEA, said that they were 
working on diesel hybrid emission curves as part of an on-going project for the DfT.  
 
David Vowles provided a short up-date from Defra: 
• Defra is developing its new AQ plans for submission to the EU at the end of the year.  Defra 

will consult on these plans later in the year; 
• In addition, Defra is reviewing its regulatory and guidance framework for local authorities so 

they focus more on actions to improve air quality; 
• Defra works closely with other government departments, such as Department of Health, DfT 

and OLEV on policies that help improve air quality; 
• The presentation on remote sensing was very interesting and dovetails into work financed by 

Defra, which it will publish as soon as possible.   
 
5 Date of the next meeting 
Wednesday 17 June 2015 at 2:00pm at City Hall.  

                                                
2  James Tate has added that the “open chassis” refers to articulated or rigid HGVs that are open beneath 

the trailer bed.  This means that if the exhaust is low down then the remote sensing beam will measure 
a high concentration and ‘trigger’ a measurement.  Unfortunately this means the camera is also 
triggered and a number plate capture attempted, but often all that is recorded is the side of a HGV with 
no number plate visible.  We cannot therefore obtain the vehicles details needed for the analysis.  We 
have now devised a secondary recording system for these important vehicles, so their emission 
performance and contribution is not missed. 

 


