
 

GATWICK AIRPORT LIMITED, DESTINATIONS PLACE, GATWICK AIRPORT, WEST SUSSEX, RH6 0NP 
www.gatwickairport.com Registered in England 1991018. Registered Office Destinations Place, Gatwick Airport, West Sussex, RH6 0NP 

 

 
3RD MAY 2016 
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Dear Mary, 

Provision of Further Information on Air Quality - following the Report of the Environmental 
Audit Committee’s Inquiry onto the implications of Government Commitments on carbon 
emissions, air quality and noise should the Airports Commission’s recommendations of a 
third runway at Heathrow Airport be adopted. 

Last September Gatwick Airport was grateful for the opportunity to provide a written submission to the 
Environmental Audit Committee (EAC) to assist into its inquiry into the Airports Commission’s 
recommendations. 

We were pleased to see that concerns we, and others, raised were reflected in the recommendations 
of the EAC’s Interim First Report of Session.  

As you will be aware, on 14th December 2015, the Secretary of State for Transport made a statement 
to the Houses of Parliament, announcing the Government’s decision to defer a decision on airport 
capacity until it had had carried out further work on the three short listed options for the airport 
expansion, including in relation to noise, air quality and carbon.. 

Air Quality  

In relation to air quality, the Government’s December announcement specifically accepted the 
recommendation of the EAC (at para 47 of First Report) to test the Airports Commission’s work 
against the Government new Air Quality Plan (which it had only just published): 

Para 47  Before the Government makes its decision, it will need to demonstrate that its revised air 
quality strategy can deliver compliance with legal pollution limits within the timescales 
agreed in the finalised plan to be approved by the European Commission. It will also 
need to show that this can be maintained even when the expanded airport is operating at 
full capacity. Heathrow’s existing air quality strategy should also be revised to meet the 
new targets. Failing this, Heathrow should not be allowed to expand. 

 
You will now no doubt be aware, last week the Department for Transport published the results of the 
independent Vehicle Emissions Testing Programme, following last year’s VW revelations. The headline 
figures in the report have been widely reported in the media, notably that the emissions from the newest 
Euro 6 cars are on average six times higher than the European legal standard.  
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This clearly has very significant implications for the air quality projections in the UK Air Quality Plan. The 
Plan relies on data from COPERT which assumes emissions from Euro 6 vehicles are 2.8 times the EU 
limits.  The new data shows vehicle emissions are more than double this figure, and there are 
corresponding discrepancies for older Euro 5 vehicles too.    

Over the past 3 months, with the assistance of a number of leading UK and international research 
institutions and other air quality experts, we have also been undertaken a thorough review of the Air 
Quality Plan, including the Technical Report, which was published alongside the final Plan. This work has 
examined very closely the measures proposed in the Plan, and the future predictions for when 
compliance with the legally binding limits on nitrogen dioxide will be achieved. The soundness of the 
Plan’s projections are critical to understanding whether air quality will improve quickly enough around 
Heathrow to provide the headroom for Heathrow to be expanded within the Legal Limits. 

We have now completed this work and we have today submitted these reports to Defra and DfT officials. 
We plan to make these reports public shortly. I am pleased to attach a copy of this evidence for your 
Committee’s attention. The findings of this detailed work are summarised in a covering Overview.  

Taken together, these reports: 

i) reinforce the findings of the DfT study on the gap between emissions in real world driving conditions, 
and what has been assumed for the UK Plan using now out of date COPERT data; like the DfT study, 
we present evidence showing that cars are emitting between 3.5 and 8 times the EU legal limits; we 
have similarly quantified the gap for vans and HGVs, which are also emitting significantly more than 
has been assumed using the COPERT factors; 

ii) demonstrate, based on a detailed review of the PCM model used by Defra, that the model has a 
systematic bias towards under predicting future concentrations of NO2 in areas which suffer from the 
poorest air quality;  

iii) show that predicted background concentrations used in the modelling are also too low; and 

iv) expose serious doubts, based on detailed analysis, that key measures in the Plan, including the 
forthcoming European Real Driving Emission (RDE) standard and the proposal to tighten vehicle 
restrictions in the London Low Emission Zone, will achieve the degree of improvement predicted 
within the timescales forecast in the Plan.  

Whilst any modelling is of course subject to a degree of uncertainty, these and other matters covered in 
the DfT Report, and set out in our evidence, point strongly to the conclusion that the Plan’s predictions, 
which show very dramatic improvements in predicted air quality since Defra’s previous projections a 
year earlier in 2014, are wildly optimistic. This unfortunately has been the pattern with previous 
Government Air Quality Plans, and was the case with the former Government’s 2009 projections for air 
quality around Heathrow. The “alternative scenario” set out in the Plan’s accompanying Technical Report 
appears closer to what is likely to happen in practice, though even this uses an assumption for vehicle 
emissions which is more optimistic than the Government’s newly collected testing data.  Overall, based on 
the best available evidence now available, there is virtually no possibility that London’s air quality will 
achieve legal compliance by 2025 as set out in the Air Quality Plan, and it seems highly likely that 
compliance will not be achieved until sometime beyond 2030. 
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As the Government approaches its decision on expanding runway capacity, we therefore caution very 
strongly against relying on the Air Quality Plan’s projections to inform a view that Heathrow expansion 
in the 2020s would be lawful and not pose unacceptable public health risks in West London. 
Expansion at Gatwick poses no such risks, given that air quality in the Gatwick area is already within legal 
limits and will remain so even with airport expansion. 

Should the Government still be minded to proceed with airport expansion at Heathrow, our summary 
report, also sets out in more detail than previously proposals for a ‘triple lock’ set of conditions to 
ensure that legal limits on air quality are not breached during either construction or operation of a new 
runway.  Such a set of conditions would seem essential to remain within the law.  On the strength of 
the evidence in our reports, it however seems unlikely that these conditions could be met on the 
timeframes within which the country needs additional airport capacity.  

We are sure that the Committee will be interested in the further work which bears on the air quality 
impacts of Heathrow expansion and we expect that the Committee may also, in the course of any 
further work, invite the Secretary of State for Transport to comment on the implications of the Vehicle 
Emissions Testing Programme and this substantial body of new evidence on the forthcoming decision for 
the location of a new runway in the South East. 

Yours sincerely, 

 
Stewart Wingate 
Chief Executive Officer 
 
 
 
 
cc. Clerk to the EA Committee  
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Executive Summary 

1. Air quality will be a key issue in determining the location of the next new 
runway in the south-east 

Air Quality has been a serious and intractable problem in the UK for a long time. Poor air 

quality poses real dangers for human health, it currently places the UK in breach of legislated 

limits on air quality and it will be one of the crucial factors in determining the Government’s 

decision on where to expand runway capacity. 

2. The Government published its new Air Quality Plan in December but did not 
take into account widely expressed concerns raised about the draft Plan 

In 2015 the UK Government was ordered by the Supreme Court to bring forward a new Air 

Quality Plan (“the Plan”) to meet legal obligations to achieve nitrogen dioxide limit values in 

the shortest possible time.   

The Government consulted on a draft Plan in September 2015 and, despite widely 

expressed concerns that projected compliance dates in the draft Plan were much more 

optimistic than the most recent previous modelling in 2014, and could not be relied upon, the 

Government published its new Plan in December 2015 without revising the projections. 

3. A substantial body of evidence now demonstrates that the Plan’s projections 
are not reliable 

Following the publication of the Air Quality Plan Gatwick commissioned a number of leading 

national and international air quality experts1 to consider various aspects of the Plan’s 

projections and proposals. 

Their work provides a substantial body of evidence which is summarised in this report. 

In addition, on 21st April the DfT published the findings of its diesel emissions testing 

programme2, following last year’s VW revelations. This report has very significant 

implications for the air quality projections in the UK Air Quality Plan. 

4. Key findings of this work are: 

a) Review of previous modelling demonstrates clear trends of optimistic predictions 

that are not subsequently borne out in reality 

Evidence gathered from past Defra PCM modelled predictions, and from other studies, 

including the previous work undertaken by the Government in 2007 to model effects of the 

then proposed 3rd runway at Heathrow, reinforces how optimistic past projections have 

proved to be and how air quality modelling has consistently under-predicted concentrations 

in the most polluted locations. 

b) The PCM Model systematically under predicts future concentrations of NO2 at the 

most polluted locations 

The process that the Government has used to verify the accuracy of the PCM model shows 

that it has a systemic bias towards under-predicting NO2 concentrations in the most polluted 

 
1
 TNO, University of the West of England, Bristol’s Air Quality Management Resource Centre, Ove Arup & Partners, ADM, Emissions 

Analytics and Brook Cottage Consultants 
2
 Vehicle Emissions Testing Programme. Moving Britain Ahead Cm 9259. DfT, 2016 
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areas, whilst over-predicting concentrations in the least polluted areas. This is a fundamental 

issue which means that the model cannot reasonably be relied upon for predicting when the 

most polluted areas, such as the area around Heathrow, will become compliant. 

c) Background concentrations of NO2 are also likely to be higher  

The background concentration of NO2 in future years is uncertain but estimating future 

background concentrations is important if modelling studies are to be useful. A recent 

analysis by Air Quality Consultants Ltd3 suggests that future projections of background 

annual mean NO2 concentrations should be higher than the values provided by Defra for use 

in Local Air Quality Management (LAQM). At the same time, the PCM model produces a 

different set of background values for the year 2025 which can be as much as 4 µg/m3 lower 

than Defra’s LAQM values. 

The combined effect of these two issues is that the values of background annual mean NO2 

concentrations used in the PCM model to develop the Air Quality Plan are likely to under-

predict future NO2 concentrations across the whole of west London by between 3 µg/m3 and 

7 µg/m3. 

d) Vehicle emission factors which underpin the Plan’s projections do not reflect 

current best available data 

The findings of the DfT’s independently verified review into vehicle emissions found that both 

Euro 5 and 6 diesel cars emit, on average, over six times the limit set by their respective 

European (“Euro”) legal standards in real world driving conditions. This gap is more than 

double what has been assumed in the UK’s Air Quality Plan: the Defra modelling uses 

COPERT4 emission factors which assume emissions from Euro 6 cars are 2.8 times higher 

than the EU standard, based on testing only a few early models in 2013.  There is virtually no 

possibility of London and other UK cities achieving compliance with EU air quality limits in the 

timescales projected in the 2015 UK Plan in the light of this new evidence from the 

Government’s own vehicle testing programme. 

The results of the DfT’s testing programme are also corroborated by work Gatwick has 

commissioned. 

TNO, the organisation that advises the Government of the Netherlands on emission factors 

to be used in modelling for the Dutch Air Quality Plans, undertook extensive testing on a wide 

range of Euro 6/VI vehicles in 2014 and 2015 in real world driving conditions. Based on this 

testing TNO has advised that vehicle emission factors used in the Air Quality Plan are too 

low for a number of diesel vehicle types, including Euro 6 cars and light goods vehicles and 

Euro VI HGVs. When COPERT is next updated these emission factors will need to be 

increased, as they have been in the Netherlands in 2016. Data collected by Emissions 

Analytics, who were commissioned by Gatwick to undertake real world emissions testing of 

diesel car journeys on roads around Heathrow, also shows significantly higher vehicle 

emissions than have been assumed in the Plan.  

e) Predictions in the Plan particularly fail to reflect emissions from ‘real’ driving 

conditions in congested areas 

The understating of NOx emissions from vehicles is compounded further in areas of high 

congestion, because the COPERT methodology used in the modelling calculates emissions 

 
3
  Air Quality Consultants (2016)  Emissions of Nitrogen Oxides from Modern Diesel Vehicles, available to download from 

http://www.aqconsultants.co.uk/Resources/Download-Reports.aspx.   
4
 COPERT is a software tool used to calculate air pollutant and greenhouse gas emissions from road transport. The development of 

COPERT is coordinated by the European Environment Agency (EEA) 

http://www.eea.europa.eu/
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based on average vehicle speed, whereas it is engine load under stop-start and cold start 

conditions that cause elevated emissions. TNO’s extensive vehicle testing in 2015, for 

example, shows that on congested urban roads and motorways NOx emissions are on 

average eight times the Type Approval limit for the Euro 6 diesel cars now on the road – even 

higher than the DfT’s recent findings.  This means that roadside NO2 concentrations will be 

even higher in areas where such conditions prevail, including sections of some roads around 

Heathrow. 

This is a further reason why the date by which many sites will become compliant with the EU 

limit values will be later than predicted. 

f) The benefits that the Plan expects to arise from the forthcoming new ‘Real Driving 

Emissions’ Standard are subject to a range of uncertainties and are unlikely to 

bring about the improvements currently predicted 

The Plan relies on a recently agreed, forthcoming, new Real Driving Emission (RDE) 

standard to deliver substantially lower emissions. 

Whilst it is clear that the aim of this new standard is to bring about welcome improvements to 

protect public health, it will not be fully effective until beyond 2030 when cars tested against 

the RDE standard will represent the majority of the fleet. Indeed, Euro 5 and Euro 6 standard 

cars will continue to dominate the vehicle fleet until the early 2030s, representing about 65% 

of the diesel car fleet until 2025 and 55% in 2030. 

Furthermore, it is by no means certain that the benefits of the new RDE standard will be as 

great as assumed for a number of reasons, including: 

 Uncertainty on how well the emissions performance of cars will be maintained as 

emission control equipment degrades over their lifetime; the comparative evidence of 

the DfT’s latest vehicle emissions testing programme and the testing undertaken by 

Emissions Analytics for Gatwick suggests that degradation of emissions control 

equipment may occur relatively early in a vehicle’s life span. 

 Doubts about whether reductions in the regulated NOx in the new standard will lead to 

the predicted reductions in NO2, in circumstances when current evidence shows that 

the NO2 fraction of NOx emissions from diesel cars is highly variable between 

manufacturers and where the average fraction of NO2 to NOx (43%) is significantly 

higher than the 30% Defra has assumed. 

Past governments have relied on the introduction of earlier European approved vehicle 

standards (e.g. Euro 3, 4, 5 and 6) as, in turn, offering the ‘silver bullet’ for tackling the air 

quality problem. Each time that reliance has subsequently proved to be misplaced. There is 

no reason, at this stage, to believe that the introduction of the RDE standard will lead to a 

substantially different outcome in the timescales predicted. 

g) Benefits from the proposed London Low Emission Zone are overstated 

The Plan relies on a proposal to strengthen the London-Wide Low Emission Zone to bring 

about improvements in air quality by introducing additional charges for older, more polluting 

heavy and light goods vehicles, buses and coaches so as to discourage use of these 

vehicles in London. 

A study, which draws on experience of similar zones throughout Europe, shows that this is 

unlikely to improve air quality to the extent predicted in the Plan unless restrictions are 

introduced on cars (which there are no plans to do). Furthermore, any benefits will be even 
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less on roads around Heathrow, due to the abnormal make up of, and influences on, 

emissions in that area, particularly emissions from the airport. 

5. In summary, the Plan’s projections are not reliable and it is unlikely that 
compliance with Limit Values in London will be achieved until beyond 2030 

Whilst the Plan projects that compliance with the limit value for NO2 will be achieved for 

Greater London by 2025, the evidence, when aggregated, shows there is virtually no 

possibility that this is going to happen in practice.  

The latest evidence on vehicle emissions, including that commissioned by DfT and recently 

reported in results of its emission testing programme, amounts to a very convincing case that 

the ‘alternative scenario’, as reported in the Plan (which assumes emissions from Euro 6 

diesel passenger cars exceed the Type Approval  limit by an average of 5 times), more 

realistically reflects the latest evidence and is likely to be closer to reality, but even that 

scenario may well prove to be optimistic in the most congested areas which will be the last to 

comply with EU limit values. 

The combined evidence strongly suggests that compliance in London is therefore unlikely to 

be achieved until beyond 2030. 

6. There is serious a risk of illegality if Heathrow expansion is permitted and any 
decision in favour of a new runway at Heathrow would require robust 
safeguards. A Gatwick scheme poses no risk to compliance with legal limits on 
air quality. 

It is clear that the Plan’s projections, if relied upon by Government to support expansion at 

Heathrow, risks a repetition of events in 2009 when a previous Government, as is now clear, 

wrongly concluded that air quality would improve sufficiently around Heathrow in the period 

to 2020 to provide headroom for Heathrow expansion within the legal limits. 

The extent of uncertainty inherent in the new Plan’s projections is such that the Government 

must assess very carefully, in the light of that uncertainty, the risk that expansion at Heathrow 

could in practice turn out to be illegal, and ensure it does not risk repeating past mistakes. 

If, having considered that risk, Government was still minded to approve expansion at 

Heathrow, this could be done safely only if very robust safeguards were put in place. These 

would need to include the following measures: 

i) No construction to begin until air quality around Heathrow has met legal limits for a 

period of at least three consecutive years; 

ii) No construction to begin, and no new capacity to be released at the expanded airport, 

until an independent, statutory body has verified that these will not cause a breach of 

air quality limits to recur; and 

iii) A contingency plan, backed by the necessary legal powers, to bring air quality back 

into compliance should the legal limits be breached as the airport expands. 

Such conditions will introduce significant investor uncertainty, but they are considered 

essential to give reasonable confidence that a decision to support expansion of Heathrow is 

not based on a scenario where ongoing breaches of air quality limit values are effectively 

given Government support. Investor confidence can only be assured by ensuring ongoing 

compliance with the legal limits, and any forward predictions must be based on a very high 

degree of confidence that they are robust. In light of the findings in this document, 
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establishing such a high degree of confidence will be a major challenge with a Heathrow 

scheme – a challenge which will, in all probability, be insuperable. 

In setting out this summer its decision on the location for new runway capacity, the 

Government has a clear choice between: 

 A Heathrow scheme which carries very significant risks of proving to be unable to meet 

the legal test on air quality in practice in the timescale required; and 

 A Gatwick scheme which poses no risk to compliance with legal limits on air quality. 
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1. Introduction 

 Of the many constraints that need to be taken into account when considering where to allow 1.1.1.

new runway capacity to be built in south east England, air quality is undoubtedly one of the 

most prominent.  It is estimated that the effects of nitrogen dioxide (NO2) on mortality are 

equivalent to 23,500 deaths annually in the UK. Many of the sources of NO2 are also sources 

of particulate matter (PM). The combined impact of these two pollutants is equivalent to more 

than 52,000 deaths per year and represents a significant public health burden. More 

specifically, the impact of a new runway on nitrogen dioxide (NO2) concentrations must be 

fully considered, and a robust decision made that does not breach legally binding limits on 

pollution levels set out in EU law.  

 Of the two options open to Government, Gatwick carries no risk to compliance with the 1.1.2.

requirements of the Air Quality Directive5, whereas Heathrow poses a real risk in this regard.  

Unless this risk can be eliminated, it is probable that the proposed scheme at Heathrow, as 

favoured by the Airports Commission, will compromise the Government’s plans to improve air 

quality for the benefit of human health.  It could also be successfully challenged in the courts 

on the grounds that it would be in breach of the relevant Air Quality Directive. A breach of the 

Directive would compel the Secretary of State, under Section 104 of the Planning Act, to 

refuse consent for the scheme at Heathrow. 

 Based on the most recent evidence published by Department for Transport (DfT)6, together 1.1.3.

with a body of evidence commissioned by Gatwick this document summarises the reasons 

why the air quality risk at Heathrow is a very real one and why it cannot be ignored. Evidence 

is presented relating to the likely future trajectory for NO2 concentrations, which indicates that 

considerable caution must be exercised when considering the projections made by Defra in 

its most recent plans to improve air quality. This is central to the decision making process, 

since the future ‘baseline’ concentration of NO2 around Heathrow is critical in assessing 

whether or when compliance can realistically be achieved. 

 The evidence set out in this document has been compiled by a group of experts in the field of 1.1.4.

air quality and vehicle emissions who were commissioned by Gatwick.  Their reports can be 

found in separate annexes to this overview document, as follows: 

 Ove Arup & Partners (Arup) – A report on the verification and past performance of the 

Government’s Pollution Climate Mapping (PCM) model (Annex 1) 

 Arup – A report on the under-prediction of projected background NO2 concentrations 

predicted in the PCM model (Annex 2) 

 ADM – A report that compares air quality predictions from previous studies around 

Heathrow with subsequent actual monitoring data (Annex 3) 

 TNO – A report that examines vehicle emission factors underlying European Air Quality 

models and those used as a basis for predictions in the Air Quality Plan and which 

reviews predictions made in Defra’s Air Quality Plan (Annex 4) 

 Emissions Analytics –  A report reviewing vehicle emissions assumptions made in 

Defra’s Air Quality Plan and the likely effects of the forthcoming Real Driving Emissions 

(RDE) regulations, and which includes the results of real driving emissions testing of 

Euro 6 diesel cars on roads around Heathrow (Annex 5) 

 
5
 Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on ambient air quality and cleaner air for Europe 

6
 Vehicle Emissions Testing Programme. Moving Britain Ahead Cm 9259. DfT, 2016 
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 Brook Cottage Consultants – A report that reviews the Clean Air Zone (CAZ) and 

London Low Emission Zone (LEZ) proposals in Defra’s Air Quality Plan including the 

likely effectiveness of the LEZ proposal in the Heathrow Area (Annex 6) 

 Air Quality Management Resource Centre – A report which considers the 

reasonableness of assumptions made about vehicle fleet dynamics that underpins 

predictions in Defra’s Air Quality Plan (Annex 7) 

 Air Quality Management Resource Centre – A review of Defra’s Summary Report of 

Consultation on the responses made on the Draft Air Quality Plan (Annex 8) 

 This body of evidence has been prepared to examine in considerable detail the question of 1.1.5.

when compliance with NO2 limit value might be achieved in the Heathrow area, without any 

expansion of the airport.  This bears strongly on the magnitude of the risk associated with 

granting consent for an additional runway at Heathrow.  Understanding the related 

uncertainties provides for a better evaluation of this risk. The future can never be predicted 

with absolute certainty but, for air quality 10-15 years in the future, there is an array of 

uncertainties that makes any prediction likely to be in error just as, as shown in this report, 

previous predictions have proved to be wildly inaccurate. It is critical, therefore, that if the 

Government is to be confident that its decision will be robust, that it takes these uncertainties 

into account and bases its decision on a realistic view of the future, not on overly optimistic 

forecasts. 
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2. The process whereby the Air Quality Plan was 

prepared does not form a sound basis for a 

decision on expansion of Heathrow 

 It is clearly extremely important that the UK has a robust and deliverable Air Quality Plan that 2.1.1.

can lead towards conformance with the legal limits for air quality, which also provides a 

reliable basis for Government decision-making. 

 However, as a basis for reaching a decision on the crucial issue of whether or not Heathrow 2.1.2.

expansion can be taken forward in conformity with legal limits on air quality, the process has, 

as reported by the University of West of England’s Air Quality Management Resource Centre 

(Annex 8), clearly been inadequate. 

 There are a number of reasons why this is the case: 2.1.3.

i) As the evidence compiled for this Overview Report shows, and as Gatwick’s 

representations on the draft Air Quality Plan made clear, past predictions made by 

previous governments that air quality will significantly improve have been shown to be 

consistently over-optimistic. There is no evidence of Defra having adequately 

considered or addressed the reasons for past predictions having been proven to be 

consistently over-optimistic. 

ii) There is no evidence that Defra has adequately considered the concern that the 

COPERT emission factors it has used for the Plan’s predictions do not represent a 

sound basis for the Plan’s modelling or that consideration has been given to the other 

modelling limitations and uncertainties which were also widely expressed in responses 

to the consultation; this is particularly surprising given that the Department for 

Transport had announced a major review of vehicle emissions during the period when 

Defra was consulting on the Air Quality Plan, suggesting that the Government was 

aware that the assumptions it was relying on may not have been robust (as the results 

of that review have now shown to be the case). 

iii) Important supporting information was not available for consideration during 

consultation on the draft Plan and there is a serious lack of transparency as regards 

Defra's modelling methodology, a shortcoming which is underlined by the much more 

open approach adopted in the Netherlands as reported by TNO (Annex 4). 

iv) The consultation process adopted by Defra fell well short of the Government's 

consultation principles and those well-established in the courts, and gives rise to 

serious doubts about the efficacy and fairness of the process to prepare the Air Quality 

Plan and therefore the reliance that can now be placed upon it. 

 It is clear therefore that the process undertaken to prepare the Plan means, regrettably, that 2.1.4.

it does not and cannot provide a sound basis for a decision on Heathrow expansion. 
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3. Policy and Legal Context 

 Any major development at either Heathrow or Gatwick can only take place if it is lawful.  The 3.1.1.

legality of granting consent is central to the decision making process and this context needs 

to be understood. 

 The Ambient Air Quality Directive provides the legal basis for regulating the ambient 3.1.2.

concentration of NO2 and directs the UK Government to comply with the limit value set for 

this pollutant.  The limit value is 40 µg/m3 averaged over a calendar year.  This threshold is 

widely exceeded at many locations in the UK at present.  The dominant contribution to NO2 

concentrations is made by road transport and it is no surprise, therefore, that the highest 

concentrations are found close to the road network and alongside heavily trafficked roads in 

particular. The centres of towns and cities are also places where NO2 concentrations are at 

their highest.   

 An important feature of any discussion of the legal position with regard to air quality, and 3.1.3.

especially with regard to future development, is the definition of compliance.  This is not as 

straightforward as it might initially appear.  Non-compliance is not determined simply by the 

existence of concentrations in excess of the limit value.  Instead, it is the outcome of a 

complex process involving the Member State’s chosen method of reporting to the European 

Commission, in line with the relevant articles in the Directive. 

 Defining compliance with the EU limit value in the UK, for the purposes of formal reporting to 3.1.4.

the European Commission, is the responsibility of Defra.   As required by the Directive, Defra 

divides the country into a total of 43 ‘zones and agglomerations’ for its reports.  Of these, 38 

are currently not in compliance with the Directive, despite this being a requirement that was 

set to be achieved by 2010 and despite considerable effort having been taken to manage air 

quality in the UK under the Environment Act 1995.  This failure to comply, and to demonstrate 

an adequate plan to achieve compliance in the shortest possible time, has led to the 

European Commission to launch infraction proceedings against the UK Government.  In 

addition, the Supreme Court ruled in April 2015 that the Government must revise its air 

quality plans designed to achieve compliance and submit these to the European Commission 

no later than 31 December 2015.   

 Following a brief period of consultation, these revised Plans were submitted to the European 3.1.5.

Commission on 15 December 2015.  The contents of these Plans provide important context 

for the consideration of air quality around Heathrow in the period up to 2030, as they 

represent the Government’s view of NO2 concentrations in the absence of any airport 

development.   

 Heathrow is situated within the Greater London Urban Area agglomeration (UK0001) for the 3.1.6.

purpose of defining and reporting compliance with the Directive.   This area is not in 

compliance with the Directive, having many locations where the NO2 concentration is in 

excess of the EU limit value.  On the basis of its most recent assessment, Defra contends 

that compliance will be achieved by 2025, following the introduction of measures outlined in 

its Plan for Greater London.  The ‘baseline’ projections are summarised in Table 6 of the Air 

Quality Plan for this area, as reproduced below.  These projections take into account those 

measures that have already been implemented, or committed to, in 2015.  Further measures, 
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not included in the ‘baseline’ projections, are proposed to achieve full compliance by 2025 

(i.e. eliminate the remaining exceedences on 22.4km of roads).7  

ANNUAL MEAN NO2 MODEL RESULTS IN NO2 UK0001 (TABLE 6 OF DEFRA’S AIR QUALITY PLAN FOR 
GREATER LONDON) 

 2013 2020 2025 2030 

Road length exceeding 40 µg/m
3
(km) 1078.3 240.1 22.4 0.0 

Background exceeding 40 µg/m
3
 (km2) 65 6 0 0 

Maximum modelled concentration NO2 (µg/m
3
) 126 71 48 40 

Corresponding modelled concentration NOx 

(µg/m
3
) 

359 218 123 102 

 

 

 These results are also presented as maps of background concentrations and roadside 3.1.7.

concentrations, as follows. 

 
7
 As set out in Section 5.1 and 5.2 of the Air Quality Plan Technical Report, these additional measures include: tightened standards for 

vehicles (but not cars) in the London wide Low Emission Zone, more optimistic assumptions on the penetration of zero emission taxis by 
2025 and the assumed benefits of the forthcoming RDE vehicle emissions standard. 
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PREDICTED BACKGROUND CONCENTRATIONS OF NO2 IN THE GREATER LONDON AGGLOMERATION 

 

PREDICTED ROADSIDE CONCENTRATIONS OF NO2 IN THE GREATER LONDON AGGLOMERATION 
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 A notable feature of the background maps is that the two places where concentrations are 3.1.8.

highest are central London and the area around Heathrow Airport.  

 This ‘twin peaks’ distribution of NO2 concentrations across Greater London becomes 3.1.9.

important in the definition of compliance with the Directive.  In its Final Report the Airports 

Commission took the view that compliance is dictated by the monitoring site within the zone 

that has the highest concentration of NO2, which the Commission stated would be 

Marylebone Road in central London. The Commission considered that as long as the 

concentration at this site remains the highest of all those within the zone, then it is 

permissible to allow concentrations at other sites to deteriorate, even if they would be above 

the legal limit. For example, development at Heathrow could be permitted even though 

concentrations would be above the legal limit and would increase, as long as the 

concentration does not exceed that at Marylebone Road.  

 This interpretation of compliance with the Directive is not shared by other well informed 3.1.10.

observers. The House of Commons Environmental Audit Committee also gave a dissenting 

opinion8. 

‘Many of our witnesses interpreted the Commission’s interpretation of the Air Quality 

Directive as implying that significant increases in NO2 resulting from Heathrow expansion 

would be allowable because of worse performance elsewhere in London. This would make 

no sense in terms of protecting public health and wellbeing. The Government should make 

clear that this is not the position it intends to take when assessing the scheme for 

compliance with the Directive.’ 

 Allowing consent would also appear to be inconsistent with the National Networks National 3.1.11.

Policy Statement, which states: 

‘The Secretary of State must give air quality considerations substantial weight where, after 

taking into account mitigation, a project would lead to significant air quality impact in 

relation to EIA and/or where they lead to a deterioration in a zone/agglomeration; and 

The Secretary of State should refuse consent where, after taking into account mitigation, 

the air quality impacts will: 

 result in a zone/agglomeration which is currently reported as being compliant with the 

Air Quality Directive becoming non-compliant; or 

 affect the ability of a non-compliant area to achieve compliance within the most recent 

timescales reported to the European Commission at the time of the decision.’ 

 The precise interpretation of this policy hinges on the definition of ‘becoming non-compliant’ 3.1.12.

and also the view taken of the extent of ‘deterioration’ of air quality. 

 If the NO2 concentration at key locations around Heathrow is still at or above 40 µg/m3 at a 3.1.13.

time any when a 3rd runway is due to open (whether in 2030 or earlier), then any additional 

impact from the operation of Heathrow will worsen a non-compliant position. This will be in 

breach of the Directive. The only way that Heathrow could be lawfully allowed to proceed 

with its plans in these circumstances is by demonstrating that the impact of those plans 

would not cause NO2 concentrations to increase. It seems inconceivable that this could be 

demonstrated and indeed the Airports Commission dismissed the notion that a new runway 

 
8
 First Report of Session 2015–16 into the Airports Commission Report: Carbon Emissions, Air Quality and Noise - House of Commons 

Environmental Audit Committee (26 November 2015) 
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could be operated with zero increase in emissions. Moreover, there is an important and 

extended period prior to opening the new runway at Heathrow when construction, both on 

the airport and for the re-alignment of major roads off airport, will inevitably cause disruption, 

giving rise to adverse impacts on NO2 concentrations. The NO2 concentrations in many 

places are very unlikely to be below 40 µg/m3 in the 2020s, for the reasons the rest of this 

report will show, and therefore a breach of the Directive is likely to occur due to the predicted 

major construction disruption effects.  

 These legal and policy obstacles might be alleviated if the current Defra projections were 3.1.14.

accepted at face value, since the zone is now predicted by Defra to be compliant by 2025.  

This, however, represents a dramatic shift in the projected concentrations, relative to those 

Defra published earlier in 20159 and also against those made by the Airports Commission in 

its Final Report in July 2015. Given the importance of the future baseline NO2 concentrations 

to any decision on the location of a new runway, the reliability of the current Defra modelling, 

as presented in its Plans of December 2015, is crucial and is the principal focus of the 

reports which are summarised in this overview document. 

 None of the above is relevant to a consideration of expansion at Gatwick, where compliance 3.1.15.

with the limit values for NO2 has been achieved continuously from the date of their inception 

and there is adequate headroom to enable policy support to be given today.  

 

 
9
 Defra Response to a Request for Information on predicted concentrations for UK road links (17

th
 February 2015) 
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4. Lessons from Recent History 

 Achieving compliance with the NO2 limit value has been considered to be ‘just around the 4.1.1.

corner’ for a very long time.  From the 1990s, it was confidently asserted by many observers, 

including previous Governments, that the introduction of emission control technology on 

vehicles would deliver air quality improvements and bring about compliance. 

 When the Ambient Air Quality Directive was first proposed, following on from similar air 4.1.2.

quality directives, it seemed that achieving the limit value for NO2 by 2010 would be relatively 

straightforward.  It is certainly true that the three-way catalysts used on petrol cars from 1992 

onwards reduced emissions of NOx
10 substantially.  For a while, this improvement in 

emissions was reflected in the ambient concentrations measured. During the first decade of 

this century, however, improvement stalled and NO2 concentrations at some roadside sites 

even started to rise.  The concentrations measured at an official monitoring site, near the M4 

at West Drayton, show this effect very clearly, as shown below. 

ANNUAL MEAN NOX AND NO2 CONCENTRATIONS RECORDED AT THE ‘HILLINGDON’ MONITORING SITE 

 

 The decline in NOx concentrations at the end of the 1990s is evident, but from 2005 onwards, 4.1.3.

the trend was gently upwards.   Concentrations of NO2 over the whole period have been 

broadly static and consistently well above the limit value, with higher concentrations 

generally having been recorded since 2007. 

 The following chart, also for the Hillingdon monitor, uses ‘OpenAir’ software to analyse 4.1.4.

trends. It can be seen that there is no discernible trend of reduction in NO2 concentrations; 

rather, the trend has been deterioration since 2005 with no progress towards legal 

compliance at any point in the last decade.  

 

 

 
10

 NOx is a mixture of NO2 (nitrogen dioxide) and NO (nitric oxide). NO2 presents the more important risk to public health. Emissions controls 
are set to control NOx rather than NO2, so it is necessary to consider NOx and NO2 together 

NOx 

NO2 
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TREND LINE FOR ANNUAL MEAN NO2 CONCENTRATIONS AT THE ‘HILLINGDON’ MONITORING SITE 
(USING ‘OPENAIR’ SOFTWARE) 

 

 This behaviour in observed concentrations puzzled air quality scientists until research using 4.1.5.

techniques to measure actual emissions ‘on the road’ showed that real world performance of 

vehicles, with regard to NOx emissions, was markedly different to that implied by successive 

vehicle Euro ‘type approval’ emission standards, which had been used in predictive models. 

This was especially true for diesel engines, a fact that was important given the steady rise in 

ownership and use of diesel cars in the UK over this period. This new research explained 

why previous estimates of road traffic emissions had been much too optimistic and that 

considerable revision of emission factors used in national inventories and air quality 

modelling was required.  Moreover, the research indicated that diesel engines were also 

emitting a much larger fraction of the NOx as NO2 directly to the atmosphere than previously 

thought.  This is important, as this ‘primary fraction’ has a disproportionately large impact on 

roadside concentrations of NO2.  

 It should also be noted that this marked failure of emission control technology for diesel 4.1.6.

engines was understood well before the revelations of Volkswagen’s ‘defeat device’ emerged 

in September 2015, though the VW revelations brought the issue to the attention of the 

media and a wider public audience. 

 Improved understanding of real world NOx emissions from diesel engines came too late, 4.1.7.

however, to inform the modelling carried out in 2007 for the proposal being considered at that 

time for a new runway at Heathrow.  Then the assertion by Government was that NO2 

concentrations would fall rapidly in future years and compliance would be achieved, prior to 

opening the runway in 2015.  Back in 2007, the prediction made for the Hillingdon monitoring 

site, referred to above, was that the NO2 concentration would be 36 µg/m3 in 2015.  It was in 

fact 52 µg/m3, a difference of 16 µg/m3, significantly in breach of the limit value (without 

expansion of Heathrow), rather than comfortably below the limit value.   

 This past experience of projecting compliance within a decade, based on assumptions 4.1.8.

regarding rapid improvements in vehicle emissions, risks being repeated again.  In 2007, the 

modelling carried out by both Defra and Heathrow Airport relied on emission factors that 

proved to be far too optimistic.  In 2015, modelling again has to rely on emissions factors and 

other assumptions that equally risk being too optimistic.  The following section examines 

these issues in further detail. 
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5. Air Quality in 2030 – How Certain Can We Be? 

5.1. Modelling 

The Defra Modelling Projections 

 Predicting roadside NO2 concentrations 10-15 years into the future will always be a difficult 5.1.1.

task in which there can be no certainty.  In its Air Quality Plans, Defra has attempted this 

using its own Pollution Climate Mapping (PCM) model and using emission factors based on 

those in use elsewhere in Europe derived from an emissions calculation methodology called 

COPERT. 

 As noted previously, the most recent modelling for the Government’s Air Quality Plan shows 5.1.2.

compliance being achieved for Greater London by 2025.  This represents a very significant 

shift in Defra’s projections, relative to data it published earlier in 2015, which indicated that 

compliance would not be achieved until well after 203011.  The explanation for this more 

optimistic outlook lies mostly in the adoption of revised emission factors for certain vehicles 

in a later version of COPERT. 

 To understand the likelihood of Defra’s current projection proving to be accurate, the 5.1.3.

assumptions used in the modelling have to be explored in some detail.  There are many 

complexities embedded in the modelling and it is not a simple matter to understand all of 

these and their influences on the outcome.   

 The task is made more difficult by the fact that much of the methodology and assumptions 5.1.4.

used in the modelling work that underpins Defra’s projections is opaque and not fully in the 

public domain. The PCM model is actually a collection of models designed to fulfil part of the 

UK's requirements to report on the concentrations of certain pollutants to the European 

Commission. These models are run by Ricardo Energy & Environment on behalf of Defra, 

with one model per pollutant, each with two parts: a base year model and a projections 

model. The ‘streamlined’ PCM model used to support the Plan provides outputs on a 1x1 km 

grid of background conditions plus around 9,000 representative road side values.  Whilst 

some description is given of the way in which the PCM model functions, it cannot be run by 

any other interested parties and so its performance is hard to evaluate independently.  It has, 

however, often been found to produce values for NO2 concentrations that are optimistic 

relative to measurements. A good summary of this tendency to over optimism is provided in 

Arup’s review of the past performance of the PCM model (Annex 1).  

 The PCM modelling uses the COPERT emissions factor database. This is a recognised tool 5.1.5.

for estimating emissions from road vehicles, based on the Handbook of Emission Factors for 

Road Transport (HBEFA)12.  The use of this methodology for deriving emission factors is 

understandable, but has potential deficiencies as well as divergence from real world 

emissions. The UK is not an official user of the COPERT model, however, and the precise 

implementation of COPERT in PCM is unclear, nor has this been assured by the developers 

of COPERT. 

 The work commissioned by Gatwick to examine Defra’s modelling has considered the 5.1.6.

following aspects: 

 
11

 Defra Response to a Request for  Information on predicted concentrations for UK road links (17
th
 February 2015) 

12
 HBEFA was originally developed on behalf of the Environmental Protection Agencies of Germany, Switzerland and Austria.  Since its 
original development it is also been supported by Sweden, Norway and France, as well as the European Research Centre of the 
European Commission.  The most recent version, HBEFA 3.2 dates from July 2014, using vehicle test data from 2013.  
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 The performance of the PCM model, including how accurate past predictions have 

proved to be in comparison with measured values; and whether there are any clearly 

discernible trends. 

 Whether vehicle emission factors that are a fundamental input to the PCM model 

predictions reflect NOx emissions from vehicles in real world conditions and are 

soundly based. 

 Examination of other potential uncertainties in the modelling, such as the reliance 

placed in the Plan’s predictions on forthcoming new vehicle emissions standards for 

diesel cars. 

 The effectiveness of interventions in the Air Quality Plan, particularly the proposal to 

tighten vehicle emission requirements in the existing London Low Emission Zone. 

 Assumptions made about the composition and turnover of the future vehicle fleet. 

PCM Model Performance 

 The future baseline concentrations of NO2 projected by Defra are the product of the PCM 5.1.7.

model and the assumptions made regarding inputs.   A significant part of any possible 

uncertainty, therefore, stems from the performance of the model itself. The model has been 

in use for many years, which makes an analysis of its performance possible and such an 

analysis has been undertaken by Arup (Annex 1).  The principal finding of this work is that, in 

comparison with measured data for roadside NO2 concentrations, the PCM model has a bias 

towards under predicting NO2 concentrations above the limit value, whilst over predicting 

concentrations below the limit value.     

 This is a concerning feature of the model, which means that the model is least reliable for 5.1.8.

predicting when the most polluted areas, such as around Heathrow, will become compliant, 

and means that there is a very high risk that compliance will be delayed beyond the date 

predicted. 

 Looking back at past predictions and past studies that have used the PCM model, and 5.1.9.

comparing these predictions with what has subsequently occurred, reinforces how optimistic 

past projections have proved to be and how systematically the PCM model under predicts 

concentrations in the most polluted locations.  

 The chart below provides an example of this concerning trend. It illustrates how PCM 5.1.10.

predictions made in 2007 for official monitoring sites in London for 2010 compared with the 

subsequent actual 2010 monitoring data, showing this pattern of generally underestimating 

future concentrations, especially in areas where air quality is poorest. 
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COMPARISON OF PCM (‘BASE YEAR’ 2003) MODELLED CONCENTRATIONS WITH MONITORED 
CONCENTRATIONS AT AURN SITES ACROSS LONDON FOR 2010. 

 

*monitored data for Cromwell Road in 2010 were not available 

 The comparison shows that concentrations were under predicted at six sites and over 5.1.11.

predicted at four sites. The average under-prediction, for a year just 3 years away, was 

14.8 μg/m3 (corresponding to 37% of the limit value) and the average over-prediction was 

2.3 μg/m3 (corresponding to 6% of the limit value). The maximum model under-prediction 

was 26 μg/m3 (corresponding to 65% of the limit value). At all six sites where the model 

under-predicted concentrations, the measured concentrations were above the 40 μg/m3 limit 

value - either increasing the extent of projected exceedance, or, in the case of Hillingdon, 

predicting the site would become compliant when this proved not to be the case in reality. 

 The report by ADM (Annex 3) presents a similar picture for other air quality studies carried 5.1.12.

out at Heathrow, including the 2007 study on previous Heathrow expansion proposals – 

Project for the Sustainable Development of Heathrow. It was this study which underpinned 

the subsequent announcement in 2009 that air quality in the Heathrow area would improve 

sufficiently by 2015 to allow Heathrow expansion - a conclusion that is now shown to have 

been wholly inaccurate. 

Background concentrations of annual mean NO2 

 Defra has published two different sources of background pollutant concentrations (the 5.1.13.

concentrations away from busy roads and other major sources, to which the roadside  

modelled concentrations  are added). The first is the mapping published for use by local 

authorities (the LAQM background concentrations) and the second is from the results of the 

PCM modelling (the PCM background concentrations). The two datasets are presented 

differently, but where they can be directly compared: the PCM values for the year 2025 can 

be as much as 4µg/m3 lower than Defra’s LAQM values.  

 A recent analysis by Air Quality Consultants Ltd presents evidence that emissions from 5.1.14.

vehicles will not decrease as quickly as expected, so the LAQM background concentrations 

themselves are likely to have been underestimated. For a site in west London in 2025, the 

LAQM background NO2 value for 2025 should be increased by 15%, or 3µg/m3, based on 

that analysis. 

 The combined effect of these uncertainties is that the values of background annual mean 5.1.15.

NO2 used in the PCM model in developing the Air Quality Plan, may under-predict future 



Gatwick Airport Limited Review of London Air Quality Plan Projections 19 

concentrations across west London by between 3 µg/m3 and 7 µg/m3, before the effect of 

traffic emissions is taken into account close to busy roads. 

Other Uncertainties in the Modelling 

 The PCM model, as relied on for future projections, clearly has some weaknesses, based on 5.1.16.

historical performance.  Some of the divergence from measured concentrations will stem 

from the emission factors adopted, but even if the NOx emission factors for all vehicles were 

able to reflect actual emissions more accurately, several other sources of uncertainty remain 

in modelling future NO2 concentrations both in general and particularly for specific locations.  

These can be summarised as follows: 

 Primary NO2 emissions and the NO2 to NOx ratio in ambient air; 

 Driving behaviour and congestion; 

 Fleet composition; and 

 Vehicle maintenance state and emission control system degradation. 

The effect of these uncertainties on the projected concentrations, together with a 

thorough examination of vehicle emission factors, is presented in the following section. 

5.2. Emissions 

Vehicle Emission Factors  

 In September 2015, after the Airports Commission delivered its final report and during the 5.2.1.

consultation period for Defra’s Air Quality Plans, the revelations of Volkswagen’s ‘defeat 

devices’ shone a spotlight on the issue of ‘real world’ driving emissions.  The disparity 

between the NOx emissions implied by the Euro emission standard and the actual emissions 

when a vehicle is driving on the road became much more widely known than had previously 

been the case.    

 In April of this year, the DfT published its report setting out the findings of the work 5.2.2.

undertaken by the Vehicle Certification Agency (VCA) to investigate vehicle emissions 

following the VW revelations.  This work has confirmed that diesel cars perform far worse on 

the test track and in on-road driving conditions than they do in laboratory test conditions. 

 This disparity had, in fact, been well understood by air quality professionals for some years 5.2.3.

and also by Defra. Several research studies had shown conclusively that diesel vehicles in 

particular were emitting NOx at levels considerably above those set by successive Euro ‘type 

approval’ emission standards, and that this was at least part of the explanation for the failure 

to achieve compliance with air quality limit values, both in the UK and elsewhere in Europe.   

 This disparity is crucial for several reasons.  Firstly, it matters for air quality management and 5.2.4.

exerting sufficient control over emissions to meet air quality standards.   If vehicles are not 

performing according to expectations, then policies do not produce anticipated outcomes.  

Secondly, the disparity makes it more difficult to model air quality, as the correct emission 

factors to use become subject to uncertainty.    

 The topic is especially important in the context of future NO2 concentrations around 5.2.5.

Heathrow, which rely on the use of the PCM model and emission factors to establish the 

future ‘baseline’ position, against which the impact of a new runway can be estimated.   
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 Gatwick has independently commissioned two experts in this field to examine the way Defra 5.2.6.

simulated current and future emissions of NOx from vehicles. They are: 

 TNO, a prominent Dutch research organisation that has expertise on the measurement 

of vehicle emissions, emission factors and modelling of air quality.  Its researchers are 

well connected with the development of emission factors in Europe, including COPERT 

and HBEFA, and TNO is also able to draw on relevant experiences of air quality 

management policies and outcomes in the Netherlands. It is the organisation the Dutch 

government relies on to inform its policies and to provide modelling and monitoring 

data.  In its report TNO provides authoritative comment on the development and use of 

emission factors in models and also on the uncertainties in air quality modelling that 

derive from the potential limitations of modelling with respect to factors such as 

congestion and driving behaviour (Annex 4). 

 Emission Analytics, a company established to measure vehicle emissions ‘on the road’, 

which has used its extensive experience to provide insight into the emission 

performance of the future vehicle fleet and has undertaken, on Gatwick’s behalf, real 

world testing of vehicle emissions of actual car trips on roads around Heathrow (Annex 

5). 

 NOx emissions from vehicle engines are dependent primarily on the engine load.  Under 5.2.7.

acceleration, NOx emissions rise sharply.  This is why higher NOx emissions are associated 

with congested traffic flow states, when vehicles are stopping and starting frequently, as 

opposed to driving at a constant speed with little or no acceleration. Unfortunately, this 

characteristic makes it hard to model vehicle emissions using simple factors based on 

vehicle speed.  The following diagram from the Emissions Analytics report illustrates this 

point. 

A COMPARISON OF NOX EMISSIONS DERIVED FROM COPERT (IN BLUE) WITH ‘ON THE ROAD’ 
MEASUREMENTS (IN GREEN) AT VARYING SPEED (IN RED) (SOURCE: EMISSION ANALYTICS 2016) 

 

 The chart shows that COPERT derived emission estimates (the blue line) are not able to 5.2.8.

reflect on the road measurements of emissions (the green line), when speed changes (the 

red line) under acceleration and deceleration. In general, on the road emissions are much 

more variable than COPERT emission estimates would suggest and it is clear that COPERT 

is struggling to replicate the on road emission behaviour. 

 This feature of NOx emissions also becomes significant for defining the Euro emission 5.2.9.

standard.   Historically, the emission standard was applied to new vehicles according to a 20 

minute test conducted in a laboratory that was relatively undemanding in terms of the load 

placed on the engine.  This is the so-called ‘type approval’ test.  When vehicles are used on 
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the road, the actual emissions can be much higher than the rate set by the Euro emission 

standard, simply because the ‘real world’ driving conditions are different to those of the test 

conditions. This ‘excess’ of emission is currently quite legal and the problem lies with the 

Regulations.  In proposing values for emission factors, HBEFA and the COPERT database 

make some allowance for this disparity.   For example, it is assumed that Euro 5 diesel 

passenger cars emit NOx at a rate 3.5 times the ‘type approval’ limit rate (in g/km).  In its 

most recent modelling, Defra has assumed an increase in NOx emissions for diesel vehicles, 

relative to the type approval emission rate, in the range of 2.8 for Euro 6 cars to 3.5 for Euro 

5 vehicles. 

 A key issue for the modelling carried out by Defra, therefore, is the validity of the 5.2.10.

assumptions made regarding emission factors.  The major effect that changes in emission 

factors can have on Defra’s projections is seen in the results it presented firstly in July 2014 

and then those in the Air Quality Plan in December 2015.  Paragraph 43 of Defra’s Overview 

Document explains that the most recent modelling incorporates a revised assessment of the 

performance of both Euro 5 and 6 light duty diesel vehicles (essentially cars and small 

commercial vehicles)  and a significant drop in the expected emissions from Euro VI heavy 

duty vehicles (lorries and buses).  These changes have a major impact on the results.  In 

2014, Defra was projecting that 28 zones would be still be non-compliant in 2020.  In 

December 2015, this had fallen to 8 non-compliant zones.  A specific comparison that is 

germane in the context of Heathrow is the roadside concentration for Bath Road on the 

northern perimeter of Heathrow.  The 2014 projection for the NO2 concentration in 2030 was 

48 µg/m3.  In the most recent 2015 projection, this predicted concentration has fallen to 

40 µg/m3 by 2020.  This is a very large and indeed remarkable shift in the projected baseline, 

based on experience of little or no improvement over the last 20 years, before any account is 

taken of improvement measures. 

 Another perspective is provided in the most recent Defra documents supporting the Air 5.2.11.

Quality Plan, where the outline results of a modelled sensitivity analysis are given for a 

scenario in which the emission factor used for NOx is a factor of five relative to the type 

approval emission rate for Euro 6 diesel cars.   This ‘alternative scenario’ produced a result 

whereby 30 of the zones were non-compliant in 2025, as compared with 8 in the base case.   

Again, this represents a highly significant shift in the outcome, illustrating the sensitivity of the 

projections to the emission factors assumed. 

 The Defra modelling used for the Air Quality Plan is based on the use of COPERT version 5.2.12.

4.11, whereas the previous version 4.10 was used in 2014.   The process of compiling 

emission factors based on testing of new vehicles means that there is always a time lag in 

translating the results of such testing into revised emission factors.  This lag is typically 

around 2-3 years.  Even though the most recent version of COPERT has been used, 

emission factors within it are based on testing of vehicle emissions in 2013.  For the Euro 6 

cars, this meant that only a very small number of the earliest Euro 6 models were available.  

The TNO report describes which seven vehicles were tested13, all being relatively “high end” 

models. 

 Since the original testing of this small set of vehicles by the European Commission’s 5.2.13.

research group, much more testing has been done by several other organisations, including 

by TNO and Emissions Analytics,  as reported in Annexes 4 and 5. Most recently, the 

Department for Transport has commissioned its own testing programme of a much wider 

range of new models compared with the limited selection used for COPERT v 4.11 in 2013. 

 
13

 Mazda CX5, BMW 330d, BMW 730d, BMW 530d, BMW 320d, Mercedes E350 and VW Passat 2.0 
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These studies provide compelling, authoritative evidence of underestimation of vehicle 

emissions in the Air Quality Plan’s modelling. 

 In April 2016, the DfT published the report of its investigation into vehicle emissions. The DfT 5.2.14.

study shows that a representative mix of Euro 5 and 6 diesel cars emit NOx, on average, 

over 6 times their respective type approval limits, approximately double the vehicle emission 

factors that underpin predictions in the Air Quality Plan for these vehicles. On this basis even 

the 'alternative scenario' considered in the Air Quality Plan Technical Report (which assumes 

5x type approval limit for Euro 6) does not go far enough to reflect the DfT’s latest evidence.  

 The DfT investigation was managed by the VCA on behalf of the DfT.  It assessed the 5.2.15.

emissions of a large number of diesel cars typically found on UK roads and was 

independently reviewed. The investigation found that emissions of NOx from the vehicles 

tested, whether in the Euro 5 or Euro 6 technology levels, are surprisingly different when 

simulating the laboratory tests on a test-track, or on-road under real driving conditions, 

compared to those recorded in the laboratory. 

 The DfT’s findings are corroborated by TNO’s extensive testing of a wide range of vehicles in 5.2.16.

Holland, where Dutch emission factors for current Euro 6 diesel cars have now been revised 

upwards. TNO report that as a result of its 2015 testing the recently updated Dutch 2016 

‘VERSIT+’ emissions database factors for Euro-6 and Euro-6c (RDE) are now roughly twice 

as high as those reported in COPERT 4.11.  

 TNO advises that it is almost certain that when COPERT is next updated, most likely later 5.2.17.

this year or in 2017, emission factors for Euro-6 diesel cars will also, therefore, be revised 

upwards by approximately 50% for urban driving conditions. This change is not uniform, 

however, across all road types and traffic situations and an uplift of 50% would not be 

sufficient to reflect elevated emissions in congested urban and motorway conditions. TNO 

reports that its 2015 data shows that in these conditions emissions can be 8 times the type 

approval limit value for Euro 6 vehicle types, with very wide variability between makes and 

models. 

 Emissions Analytics’ work, based on testing around 200 cars a year on a rolling programme, 5.2.18.

shows that over time, the magnitude of the disparity between real world emissions of NOx 

and the rate set by the type approval standard has, on average, become smaller, but that 

there is still a significant disparity between type approval limits and emissions in real driving 

conditions. The current estimate by Emissions Analytics for the average NOx emission 

disparity for Euro 5 and Euro 6 cars in 2015 is 4.3 and 3.5 respectively for their standard 

combined urban, rural and motorway drive cycle but they also note that emissions are 
higher in congested conditions. They also report other reasons why the COPERT emission 

factors used in the Defra’s baseline modelling are likely to be too low.  A very noticeable 

feature of Emissions Analytics’ test results is the high degree of variability across 

manufacturers and models.  The highest factor observed in 2015 was 14.4, whilst the lowest 

was 0.5. It should be noted that Emissions Analytics focuses on testing nearly new vehicles 

with between 1,000 and 5,000 miles on odometers, so this testing is likely to show lower 

emissions when compared with emissions for all vehicles on the road, taking into account 

degradation of emissions control equipment performance over time. The DfT study seems to 

reflect this, with vehicles used having up to 30,000 miles ‘on the clock’ and on average 

emitting 6 times the limit set by the Euro standards.  

 To further explore the accuracy of the Plan’s predictions, Gatwick commissioned Emission 5.2.19.

Analytics to undertake a detailed ‘drive cycle’ study to specifically consider how emissions 

from Euro 6 diesel cars perform against type approval standards in current traffic conditions 

on roads around Heathrow and Gatwick. The study involved Emission Analytics’ test 
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operatives driving a typical Euro 6 diesel car14 fitted with a Portable Emissions Monitoring 

System, on various pre-defined typical journeys on rural, motorway and urban roads in the 

Heathrow and Gatwick area during March.  

 The results of this testing, when applied to Emissions Analytics’ wider Euro 6 database, 5.2.20.
showed that average emissions for the Heathrow drive cycles (combined) and the Gatwick 

drive cycles were 4 times the type approval limit. 

 Overall the various testing that has been undertaken of diesel cars shows a range of non 5.2.21.
conformity with the European standards ranging from, at best, an average of 3.5 for new 

Euro 6 cars to 8 times the limit set by the standard. The data from the DfT’s testing programme 

shows that the emission factors used in the Plan (3.5 for Euro 5 and 2.8 for Euro 6) should be 

more than doubled. Taken together, all the latest evidence from testing therefore supports 

TNO’s advice that the COPERT emission factors will need to be substantially increased 

when the model is next updated and version 4.11, used as a basis for the UK Air Quality 

Plan, can no longer be relied upon. 

 Whilst much attention has been focused on passenger cars, a further sector that gives rise to 5.2.22.

some concern is light goods vehicles.  This sector is important because the Euro standard 

allows greater emissions for vans than for cars and, in the UK, it is an increasing fraction of 

the overall fleet - with new registrations at 10% of the total fleet in 2015 and showing a 4% 

increase in new registrations in the year up to September 201515.  TNO’s testing found that 

vans appear to be emitting more NOx than previously thought and this suggests that current 

emission factors for this sector may also be too optimistic. The results of this testing have 

caused the Dutch emission factors for Euro 6 light goods vehicles (LGVs) to be revised 

upwards and it is almost certain that the next COPERT update will follow suit. TNO advise 

that an uplift of around 50% of the COPERT emission factors is likely for these vehicles in 

urban driving conditions. 

 The new Euro VI standard for heavy duty vehicles (which include both HGVs and buses) is 5.2.23.

proving to be more successful in delivering emission performance than standards for cars 

and LGVs, although more recent measurements show that emissions are much closer to the 

type approval limit than the much lower emissions that the first generation of these vehicles 

achieved. Whilst it is expected that this section of the overall fleet will contribute substantially 

to reductions in emissions of NOx the testing undertaken by TNO also showed higher 

emissions for these vehicles than the factors used in the COPERT methodology which were 

based on initial optimistic assumptions dating back several years.  TNO’s view is that 

COPERT therefore overstates improvements and that emission factors for HGVs will 

probably also be increased by somewhere between 30 and 50%. 

 The upward adjustment of COPERT emission estimates, as indicated by TNO for cars, LGVs 5.2.24.

and HGVs, and as reinforced by the DfT’s testing programme and the testing by Emissions 

Analytics, will have obvious consequences for future projections of when compliance with the 

EU limit value may be achieved. 

 In projecting emission factors into the future, account must be taken of many influences.  5.2.25.

One of these will be the effect that a recently endorsed further tightening of the Euro 6 

emission standard will have.  The type approval limit will remain at 0.08 g km-1, according to 

the laboratory test, but manufacturers will also have to comply with requirements of ‘on the 

road’ tests, which are more difficult to achieve (this is referred to as the Real Driving 

Emissions – ‘RDE’ standard).  In recognition of this, a degree of tolerance, relative to the 

 
14

 Ford Focus 1.5L diesel 
15

 Department for Transport (2015) Vehicle Licensing Statistics Quarter 3 (Jul-Sep) 2015 
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0.08 g km-1 limit, will be set initially at a ‘conformity factor’ of 2.1 for new vehicle types in 

2017, which will fall to 1.5 for new vehicle types in 2020.  This new, two stage, standard is 

referred to as Euro 6c and Euro 6d. It will therefore only start to have a significant effect on 

emissions from diesel cars from 2021 onwards once all new cars on the road need to meet 

the new tighter standard and the full benefits to air quality will not occur until the late 2020s 

due to the time it will take for these vehicles to become dominant in the vehicle fleet.  No 

allowance was made for the effect the RDE legislation will have on emission factors used in 

the baseline scenario modelled by Defra at a UK level, although this was factored into the 

updated projections for London using the ‘streamlined’ PCM model.  

 In allowing for the effect of RDE on NOx emissions on London’s roads, the modelling has to 5.2.26.

make assumptions about the number of these new vehicles on the roads in the years after 

2021.  If, as can be deduced from the fleet turnover assumptions made in the Air Quality 

Plan, 6% of vehicles are replaced each year, less than 30% of diesel cars will be conforming 

to the new RDE standard in 2025 and it will be beyond 2030 before  these cars make up 

50% of the vehicles in the diesel car fleet. Clearly, the full effect of RDE will not be seen until 

post 2030 and emissions will be dominated by existing Euro-6 cars until that time.  (The likely 

effectiveness of the new RDE standard is covered separately below.) 

 The National Atmospheric Emissions Inventory (NAEI) publishes road transport emission 5.2.27.

projections on behalf of Defra16. Future trends in diesel car fleet composition are shown in 

the chart below. 

MAKE-UP OF DIESEL CAR FLEET (2015 TO 2035) 

 

Note: the chart is based on Defra’s projections, assuming a life of 16 years for diesel cars before they are 

scrapped, five years of sales of current Euro 6 cars, two years of sales of Euro 6c with a conformity factor of 2.1 

and sales of Euro 6 with a conformity factor of 1.5 from 2021 onwards. 

 
16

 Defra, Ricardo AEA (2014) National Atmospheric Emissions Inventory Vehicle Fleet Composition projections (Base 2013) 
rtp_fleet_projection_Base2013_v3.0_final  
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 In summary, it is clear the projections made by Defra are very sensitive to the assumptions 5.2.28.

made regarding the NOX emission factors, especially for cars and LGVs with diesel engines, 

and also for HGVs.  The projected date of compliance with the NO2 Limit Value around 

Heathrow and across Greater London can shift by several years with quite modest changes 

in the emission factors.   

 DfT’s most recent test data shows that a representative mix of Euro 5 and 6 diesel cars emit, 5.2.29.

on average, over 6 times their respective approval limits, approximately double the vehicle 

emission factors that underpin predictions in the Air Quality Plan . The evidence presented by 

TNO and Emission Analytics confirms that the emission factors used by Defra do not reflect 

the latest available data and are likely to be too optimistic for Euro-6 cars, LGVs and HGVs 

and will need to be increased in the next version of COPERT. There are therefore very good 

reasons to believe that the date of compliance in London will be later than Defra currently 

projects, and will very probably not occur until sometime beyond 2030. 

Primary NO2 emissions 

 Vehicles emit both nitric oxide (NO) and nitrogen dioxide (NO2), described collectively as 5.2.30.

oxides of nitrogen (NOx).  Most of the NOx emitted is in the form of NO, which converts to 

NO2 in the atmosphere.  If more of the emissions are directly in the form of NO2, then the 

effect on ambient NO2 concentrations in the vicinity of the road is disproportionately higher.  

This is an important and often overlooked aspect of the problem and the modelling. 

 The emission standard is expressed only as NOx, with no reference to the NO2 fraction.   The 5.2.31.

Defra modelling has assumed that 35% of NOx emitted by diesel cars in 2015 is in the form 

of NO2, falling to 30% in 2030.  Emission Analytics report that the NO2 fraction for Euro 6 

diesel cars is currently 43% on average, suggesting that the PCM modelling is too optimistic 

in this regard.  

NOx to NO2 conversion in ambient air 

 All modelling of roadside NO2 concentrations relies on a method to convert the total NOx 5.2.32.

concentration predicted into the more directly relevant NO2 concentration, for comparison 

with the limit value.    

 Defra provides a method in its Technical Guidance for Local Air Quality Management17, to be 5.2.33.

used by local authorities throughout the UK in discharging their Air Quality Management 

duties, to accomplish this task.  The PCM model uses a different method for performing this 

conversion – a method which gives lower results.  

 The report by Brook Cottage Consultants (Annex 6) has made use of the Defra method and 5.2.34.

applied it to the NOx concentrations predicted by Defra’s PCM model for the A4 Bath Road at 

Heathrow. The results for the two different methods are shown in the Table below.  

 
17

 Local Air Quality Management Technical Guidance LAQM.TG(09) February 2009 
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PREDICTED NO2 CONCENTRATIONS FOR A4 BATH ROAD EAST (ID 16112) USING THE TWO NOX TO 
NO2 CONVERSION MODELS 

Source 

NO2 Concentrations (µg/m
3
) 

2020 2025 2030 

Defra’s PCM model 40 37 36 

Defra’s NOx to NO2 

convertor 
53 45 42 

 

 Whereas the PCM model predicts a NO2 concentration of 36 µg/m3 in 2030, the alternative 5.2.35.

Defra method produces a value of 42 µg/m3. This illustrates that the results of the modelling 

are highly sensitive to the assumption made on NOx to NO2 conversion in ambient air, with 

one method showing compliance and the other, more widely used method, showing an 

ongoing breach. It also shows a very different rate of progress between now and 2030, 

based on the same modelling results. 

Driving behaviour and congestion 

 As noted earlier in this report, NOx emissions are influenced strongly by acceleration and 5.2.36.

braking patterns, and therefore by driving style and congestion. These aspects are very 

difficult to build into models accurately.  The COPERT approach uses average vehicle speed 

along sections of roads, which is not a good proxy for congested flow states.   

 The Dutch approach, as explained in the TNO report, is to use a model, based on extensive 5.2.37.

real world  testing, that reflects both road and traffic states (free flow, normal, and congested 

states), with emission factors that vary accordingly.  The Dutch emission factors for NOx for 

future years are noticeably higher than those adopted by Defra. For congested urban roads 

and congested motorways, the TNO analysis shows that NOx emissions can be 8 times the 

vehicle type approval limit for Euro 6 cars and are widely variable.  In areas of London, traffic 

flows are often congested and this is therefore likely to be a source of significant 

underestimation of NOx emissions in Defra’s modelling. The results of Emissions Analytics’ 

drive cycle assessment serve to reinforce this point. 

Future Fleet Composition 

 Gatwick commissioned the Air Quality Management Centre at the University of the West of 5.2.38.

England, Bristol (UWE) to undertake a review of the assumptions on vehicle fleet dynamics 

which underpin modelling predictions in the Government’s Air Quality Plan (Annex 7). The 

quantified benefits of CAZs depend fundamentally on the accuracy and validity of vehicle 

owners’ predicted responses to the measures included, so it is critical to understand these.  

 Annex D of Defra’s Technical Report18 explains how the vehicle fleet is predicted to change 5.2.39.

as a consequence of the CAZ measures set out in the Air Quality Plan.  It is worth noting in 

this context that there is no proposal to include measures that affect cars in the upgrade to 

the London Low Emission Zone proposed in the Plan. Accordingly, there will be no effect on 

diesel car ownership or use. 

 
18

 Defra 2015. Improving air quality in the UK: Tackling nitrogen dioxide in our towns and cities’. Technical Report. 
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 The UWE report highlights a number of areas where information necessary for interpreting 5.2.40.

the modelling and estimating uncertainties has not been provided, or has not been properly 

explained or justified. UWE concludes that it is therefore not possible to determine whether 

the conclusions of the modelling are robust, with respect to the influence of vehicle fleet 

dynamics.   

 Within the methodology and data provided with the Air Quality Plan, there are also places 5.2.41.

where not only has the best available data not been used, but inaccurate or unsuitable data 

has been used, and there are other examples of where erroneous logic has been applied.  

UWE concludes that there is considerable uncertainty associated with the vehicle fleet 

assumed as the basis for modelling to assess the timeframes for compliance with the NO2 

limit values, suggesting that these timeframes are likely to be optimistic. 

 UWE contacted Defra to seek clarification on a number of questions that arose in 5.2.42.

undertaking the study. Defra acknowledged that a number of their assumptions would benefit 

from being refined (such as length of vehicle ownership and scrappage rates), reinforcing the 

concerns raised by UWE.   

 Overall, UWE found that both the data presented and the level of analysis that has been 5.2.43.

undertaken, does not ensure transparency, avoid ambiguity or allow confidence in the 

modelled outcomes. Because of the lack of transparency associated with the fleet modelling 

work, it is not possible to comment with confidence on the level of uncertainty associated 

with the vehicle fleet assumptions. As vehicle owners’ response to measures imposed is so 

important to the outcome intended by implementation of CAZs, this is considered to be a 

significant shortcoming of the Plan. Moreover, this lack of transparency calls into question the 

robustness and validity of the consultation on the Air Quality Plan.  

Vehicle maintenance and degradation of emission control system 

 At present, the Euro emission standards apply only to new vehicles and there is no means of 5.2.44.

monitoring the performance of the emission control system on a vehicle over its lifetime, with 

regard to NOx.  (The current MOT test measures only carbon dioxide and hydrocarbons.)  

The RDE legislation will require that emissions are within the standard for the first 160,000 

km or five years, whichever is the earlier. However, there are currently no compliance tests 

planned once the car is in service.   Even if a vehicle performs in line with the RDE 

legislation, a car’s typical lifespan of 16 years means that there is a period likely to be of 

more than 10 years when cars could legally be operating in a degraded state.  Very little is 

yet known about the durability of the emission control systems that are to be used by Euro 6 

diesel cars and light goods vehicles.  As the Emission Analytics report observes, it is an open 

question how well these systems will perform in the long term.  Achieving compliance with 

the NO2 limit value in Greater London by 2025 depends partly on the emission reduction that 

the RDE standard promises to deliver. There is significant uncertainty as to whether vehicles 

will perform as expected over their whole lives.  

 The DfT investigation noted that ambient temperature is another significant factor influencing 5.2.45.

the emissions results obtained in both track and on-road testing (temperatures are controlled 

for laboratory tests). Manufacturers use a temperature dependent strategy to regulate the 

amount of Exhaust Gas Recirculation (EGR) as part of their emissions control, as problems 

with this system occur at low temperatures. These temperature based systems are used in 

both the older Euro 5 designs and the very latest Euro 6 engines, which employ additional 

exhaust after treatment, using lean NOx trap or selective catalytic reduction. These engine 

technologies operate within optimum temperature windows. Temperature based control of 

the EGR system is necessary to ensure the emissions control works reliably during normal 

vehicle use and over the extended conditions of 100,000 miles. 
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5.3. Effectiveness of New Measures 

The RDE standard (Euro 6c and Euro 6d) 

 The Plan for Greater London relies on the forthcoming RDE vehicle emission standard to 5.3.1.

deliver substantially lower emissions and this is one reason why the predicted compliance 

date for London has been brought forward from 2030 to 2025. 

 Whilst there is no disputing that this new standard should bring about welcome 5.3.2.

improvements, based on current patterns of fleet turnover, it will not, as noted earlier, be fully 

effective until the late 2020s when Euro 6c cars penetrate the fleet in significant numbers.  In 

2025, older Euro 4, 5 and Euro 6 cars will still dominate the fleet, representing more than 

65% of the diesel car fleet in 2025, and more than 55% in 2030. 

London Specific Interventions in the Air Quality Plan 

 The most recent projections made by Defra for NO2 concentrations in the Greater London 5.3.3.

zone show that compliance is expected by 2025.  This will be achieved by a range of 

measures outlined in the Plan and the Mayor of London’s Strategy, the most prominent of 

these being the proposed tightening of the emission requirements for certain classes of 

vehicles entering the current Low Emission Zone (LEZ) for London. (The Ultra Low Emission 

Zone in central London, to be implemented in 2020, is a relatively small area with a very 

limited effect on emissions in West London around Heathrow). 

 The Air Quality Plan proposes a tightening of the existing London LEZ standards to be 5.3.4.

equivalent to either a Class B or Class C Clean Air Zone (CAZ), of the type described in the 

Air Quality Plans for other cities. This reflects proposals being developed by the Mayor of 

London.  These would require HGVs, buses and large vans entering the zone to be Euro VI/6 

compliant by either 2020, or 2025 or some date in between.   

 The LEZ includes most of Greater London, extending to the M25 in some places, and 5.3.5.

includes Heathrow. 
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EXISTING LONDON LOW EMISSION ZONE BOUNDARY 

 

 Unlike the ULEZ, the LEZ would exert an effect on emission from vehicles on the roads in 5.3.6.

London and around Heathrow.   How much of an effect there would be depends heavily on 

when the requirements are tightened and on trends in the other sources of emissions.   

 As the report by Brook Cottage Consultants notes (Annex 6), previous LEZs have had no 5.3.7.

impact on NO2 concentrations in London and in other parts of Europe, except in some 

German LEZs where cars are also restricted. In part this was due to the ineffectiveness of 

the emission control system on emissions from diesel vehicles, as discussed above, but also 

because the requirements for emission standards for vehicles entering the zones have 

generally been unambitious. LEZs are a means of reducing the age profile of the vehicle fleet 

and, in many cases, this acceleration has not been very dramatic. 

 One reason why the LEZ and other measures introduced in London will have a very limited 5.3.8.

effect on NO2 concentrations alongside roads around Heathrow in 2030 is that the 

contribution from aircraft emissions at these locations is proportionately more substantial and 

the vehicle contribution correspondingly less.  This can be seen very clearly in the source 

apportionment modelling carried out by Defra as part of the Air Quality Plan.  According to 

the PCM modelling, the aircraft contribution to NOx concentrations on the A4 Bath Road 

north of Heathrow in 2030 is about 46 µg/m3, or 55% of the total.   (Other values are set out 

in Table 6 of the Brook Cottage Consultants report.)  This contribution is, not surprisingly, 

also substantial in the period 2015-2030.   Thus, there is a very significant and constant base 

of NO2 concentration at this location which will remain for a very long time and will be 
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unaffected by the LEZ proposal.  Indeed, with increased aircraft movements at Heathrow, it is 

expected that aviation emissions would continue to rise. The implication of this is that the 

emission reduction required from vehicles on this section of the Bath Road would have to be 

very large to overcome this obstacle and achieve compliance. However, the measures in the 

Air Quality Plan, i.e. the LEZ and RDE (RDE is a legal requirement rather than a Plan 

measure) will be even less effective here than anywhere else in London, because of the 

direct influence of aircraft emissions on the Bath Road. 

 The report by Brook Cottage Consultants goes on to note (Annex 6, Table 5) that the Air 5.3.9.

Quality Plan is predicted to have a very limited effect on NO2 concentrations at this location 

in 2020, a substantial effect in 2025 and no effect by 2030. 
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6. Summary of Key Uncertainties for Achieving 

Compliance by 2030 and what this is likely to 

mean for when Compliance may be Achieved 

 The previous section has provided an overview of the many uncertainties that affect the 6.1.1.

modelling projections for future NO2 concentrations.   Taken together these provide a 

substantial body of evidence that demonstrates that the projected date of compliance put 

forward by Defra is uncertain and in all likelihood over-optimistic, either as a baseline 

projection without the additional measures in the Plan, or with them included. 

 These key uncertainties and their implications for the date of compliance are as follows. 6.1.2.

 The PCM model has been shown to under predict concentrations of NO2 above 

40 µg/m3 historically, by comparing its predictions with actual and subsequent 

monitoring data. The Arup report (Annex 1) shows for example that predictions made in 

2007 for 2010 underestimated emissions at more polluted sites by, on average, 

14.8 µg/m3, (corresponding to 37% of the limit value). The ADM Report (Annex 3) 

shows that previous studies have been too optimistic about future improvements. 

 The emission factors used in the PCM modelling are too optimistic. The latest testing 

data from the DfT’s vehicle emissions testing programme and that reported by TNO 

(Annex 4), demonstrates that emissions factors for diesel cars are far too low.  The Air 

Quality Plan assumes that emissions from Euro 6 vehicles are 2.8 times the EU limit.  

DfT’s data shows vehicle emissions are more than double this figure, and there are 

corresponding discrepancies for older Euro 5 vehicles too. The emission factors for Euro-

VI HGVs also need to be increased by and 30% to 50%. Results from the previous 

version of COPERT (v4.10) and Defra’s ‘alternative scenario’ illustrate vividly that the 

outcome in terms of NO2 concentrations and the date of compliance is very sensitive to 

small shifts in the emission factors and even this scenario may be too optimistic based 

on the findings of the DfT testing programme . 

 The emission factors adopted in the Plan’s modelling are based on the COPERT 

methodology, which assumes that emissions are a function of average vehicle speeds. 

This is a practical assumption but one that is inherently flawed.  Emissions are instead 

very much a function of acceleration and this becomes especially important in 

congested flows.  Defra’s modelling is least reliable in these conditions and is likely to 

underestimate NOx emissions. The latest ‘on the road’ vehicle testing by TNO shows 

that emissions on congested urban roads and motorways are on average 8 times the 

type approval limits for Euro 6 diesel cars.  

 Modelling produces an initial result expressed as NOx concentrations, which is then 

converted to the desired result as an NO2 concentration.   This final step is dependent 

on the methods used and subject to uncertainty within the model and also the future air 

pollution climate at the roadside.  An alternative method for this conversion, used by 

Defra, and reported by Brook Cottage Consultants (Annex 6) shows that the Bath 

Road concentration will be 2 µg/m3 in excess of the limit value in 2030, as compared 

with 4 µg/m3 below the limit value in the Plan. 

 Moreover, the emission data are expressed in terms of NOx, with assumptions made 

regarding the fraction of NOx in the form of primary NO2.  Emission Analytics has 

shown that diesel cars are currently emitting 43% of NOx as primary NO2, which is 

significantly higher than the 30% that has assumed.  



 

  32      Gatwick Airport Limited Review of London Air Quality Plan Projections 

 The impact of the new real world driving emissions standard (RDE), which has been 

built into the modelling for Greater London, is also likely to be overstated as reported 

by TNO and Emissions Analytics.  Given current rates of vehicle turnover, fewer than 

30% of diesel cars on the road in 2025 are likely to be RDE compliant models and they 

will not dominate the fleet until beyond 2030. As the TNO report sets out, the impact of 

RDE will not therefore be fully evident until 2028-2035 based on analysis of previous 

new standards.  Furthermore, there is no evidence yet on the long term performance of 

the emission control systems – i.e. whether as vehicles get older their engines 

continue to perform to the same standard as when they are new. 

 As reported by Brook Cottage Consultants (Annex 6) there are doubts about the 

benefits of the proposed tightened Low Emission Zone (LEZ) and any benefits will be 

even less effective for the roads around Heathrow than in central London because of 

the disproportionately large contribution of aircraft NOx emissions at these locations.  

For example, about 50% of the NOx at Bath Road will be from aircraft in 2030 and this 

proportion would be expected to increase with time. The LEZ will have no effect on 

these emissions. 

 Projections of future emissions of NOx and NO2 concentrations rely also on 

assumptions regarding the size and comparison of the vehicles on the road in future 

years.   Given the critical role that diesel engines play in NOx emissions, the 

projections are very sensitive to assumptions about the fraction of the fleet comprising 

these vehicles.  The Air Quality Plan provides insufficient information about the 

assumptions on fleet composition (Annex 7). 

 The Government’s Air Quality Plan predicts that compliance will be achieved across the 6.1.3.

Greater London zone by 2030 without any additional measures and the date of compliance 

can be brought forward to 2025 if certain additional measures are taken.   The support for 

this view is provided by the results of Defra’s PCM modelling, which, in turn, depends on 

some crucial assumptions relating to emissions and vehicles on the road in 2025 and 

beyond.   

 It is an obvious truism that predicting the future is uncertain and this is especially true here. 6.1.4.

The work of the experts summarised in this report shows that there are multiple strands of 

evidence, most of which indicate that the Defra’s projections are over-optimistic.  A simple 

way to illustrate this point is to consider the roadside concentrations of NO2 on the A4 Bath 

Road.   

 The chart below presents different projections for what could happen in this location. The 6.1.5.

existing concentration for a reference year of 2013 is estimated by Defra to be 54 µg/m3, 

using the PCM model. The optimistic view suggested by Defra’s most recent modelling is that 

air quality will improve quickly and the limit value will be reached by 2020 (the green line). 

This is in spite of the fact that the Plan’s additional measures, such as RDE and the 

strengthened LEZ, will have little or no effect over this time frame. 

 Defra’s modelling as recently as 2014, however, using the PCM model, indicated that the 6.1.6.

NO2 concentration in 2030 at this location would be 48 µg/m3 (the red line), significantly in 

breach of the limit value and deteriorating from 46 µg/m3 in 2025.  

 An alternative approach, as reported by Brook Cottage Consultants, assuming Defra’s 2015 6.1.7.

PCM modelling but using Defra’s recommended method for calculating the conversion of 

NOX to NO2, presents a third trajectory, with a concentration reducing from 66 µg/m3 in 2013 

to 42 µg/m3 in 2030 (the blue line). 
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PROJECTED NO2 CONCENTRATIONS FOR A4 BATH ROAD – RANGE OF UNCERTAINTY 

 

(Note: A concentration of 36 µg/m
3
 would provide a confidence level of 63% that concentrations would not 

exceed the Limit Value, allowing for the optimism bias shown by PCM modelling as reported in Annex 1.The 

estimated value of 63 µg/m
3
 in 2013 is based on the difference between the 2014 and 2015 predictions for 

2025).  

   

 Of the three curves shown above, Defra’s 2015 modelling for the Plan using PCM appears 6.1.8.

the least plausible because it shows a dramatic decrease of 14 µg/m3 in NO2 concentrations 

between 2013 and 2020.  To put this into context, the road increment (the difference between 

the roadside and background concentrations) is less than 7 µg/m3 in 2013 and just 0.2 µg/m3 

in 2020.  These unrealistically small predicted contributions from traffic emissions to roadside 

NO2 concentrations are likely to be due to the use of excessively optimistic emission factors, 

as discussed earlier in this report. In 2025 and 2030, Defra’s modelling also shows projected 

roadside concentrations of NO2 that are lower than the background concentration, which is 

implausible.  

 The evidence we have put forward, when aggregated, points towards a very high probability 6.1.9.

that compliance will not be achieved until much later than predicted. The most likely outcome 

is for the NO2 concentration at Bath Road to remain above 40 µg/m3 in 2030, not least 

because aircraft operations provide a large contribution to ground level concentrations at this 

location, but also because of the various other factors described in this document.  
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 Instead of achieving compliance in the Greater London zone by 2025, the evidence strongly 6.1.10.

suggests that there is virtually no possibility that compliance in London will be achieved until 

sometime beyond 2030, as indeed it was with previous Defra modelling published in 2014. 

 It is interesting to see that a similar view has also now been reached by the Policy Exchange 6.1.11.

Environment and Energy Unit in its reports19 into London’s Air Pollution Problem. Based on 

modelling undertaken by King’s College they concluded that ‘current and planned policies will 

not deliver a sufficient improvement in air quality: as it stands air quality limit values are 

unlikely to be achieved in London until at least 2030’. This view was reached without the 

knowledge of the results of the DfT’s vehicle emissions testing. 

 

 
19

 King’s College London Policy Exchange: Up in the Air. How to Solve London’s Air Quality Crisis, Parts 1 (2015) and 2 (March 2016) 
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7. Countering the Risk of Non Compliance - 

Safeguards Required for Expansion at 

Heathrow 

 

 If, notwithstanding the obvious risks, Government was minded to support a policy for 7.1.1.

expansion of Heathrow, it would be necessary to consider the pre-conditions that were 

identified by the Airports Commission as being necessary to ensure that construction does 

not commence until acceptable performance on air quality has been demonstrated. As 

Robert McCracken QC advised in his published opinion for Clean Air in London, “any 

suggestion that the additional capacity could be constructed but on the basis that it would not 

be brought into operation until air quality was, and would remain compliant with the Directive 

would, in present circumstances, be inconsistent with the duty of restraint in the last part of 

TEU 4(3)20.  Such a necessity would not apply to a decision to support expansion at Gatwick. 

 Under section 104 of the Planning Act the Secretary of State must decide an application for a 7.1.2.

Nationally Significant Infrastructure Project in accordance with a designated NPS unless 

he/she is satisfied that to do so would: 

 lead to the UK being in breach of its international obligations; 

 be unlawful; 

 lead to the Secretary of State being in breach of any duty imposed by or under any 

legislation; 

 result in adverse impacts of the development outweighing its benefits; and 

 be contrary to legislation about how the decisions are to be taken. 

 In its final report21 the Airports Commission acknowledged that the adverse environmental 7.1.3.

impacts of expansion at Heathrow were significantly greater than those that would arise from 

expansion at Gatwick, and made its recommendation contingent on eleven separate 

measures to address the impacts of any new capacity at Heathrow on the local environment 

and communities. These included: 

 Measure 9: A major shift in mode-share for those working at and arriving at the 

airport should be incentivised, through measures including new rail investments and a 

continuing focus on employee behaviour change. A congestion or access charge for 

motor vehicles should also be considered. 

 Measure 10: Additional operations at an expanded Heathrow must be contingent 

on acceptable performance on air quality. New capacity should only be released 

when it is clear that air quality at sites around the airport will not delay compliance with 

EU limits. 

 The means of achieving a major shift in mode share was not made clear by the Commission, 7.1.4.

nor was any robust analysis of the mechanism or scale of a congestion or access charge 

presented, which would be necessary to give any substance to Heathrow’s unsubstantiated 

claim that there would be no additional vehicle journeys as a consequence of expansion. 

 
20

 Article 4(3) of the Treaty on European Union 
21

 Airports Commission: Final Report (July 2015). 
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 Measure 10 presents a possible solution covering all aspects associated with air quality, but 7.1.5.

one which makes expansion contingent on significant air quality improvements. The 

Environmental Audit Committee (EAC) in its report on the Airport Commission assessment of 

carbon, air quality, noise and community impacts recognised that attributing responsibility for 

the control of air quality is difficult, further noting that responsibility is contested between 

Heathrow Airport and local authorities today. The EAC foresaw legal and financial risks 

associated with this issue and recommended that clear responsibilities are set out in 

Government policy. 

 In 2009, the then Secretary of State for Transport made support for expansion at Heathrow 7.1.6.

contingent on similar recommendations, including a separate independent review of air 

quality at Heathrow by the Environment Agency (EA). If expansion of Heathrow had 

proceeded as anticipated by the previous Government in 2009, the EA would have been 

forced into action against Heathrow, other Government Agencies, TfL, GLA and Highway 

Authorities, in an attempt to control emissions sources around Heathrow. 

 Such action might have included prevention or delay to construction and curtailment of 7.1.7.

expansion of routes, or restrictions on passenger throughput, pending improvement in air 

quality, which still continues to breach limit values in the area around Heathrow. Based on 

the Airports Commission measure, it would not have been possible to release any new 

capacity.  A runway would have been built but without, up to today’s date, any benefit to 

passengers or the wider economy. 

 Given the uncertainties still attaching to estimates of future air quality, it would seem 7.1.8.

essential to ensure that construction does not commence until air quality around Heathrow 

has met legal limits for a number of years, sufficient headroom is available for the activity 

proposed, and no construction is commenced and no new capacity is released until an 

independent, statutory body has verified that this will not breach air quality limits in the area. 

There should also be a contingency plan, backed by the necessary legal powers, to bring air 

quality back into compliance should the legal limits be breached as the airport expands. 

 Such conditions will introduce significant investor uncertainty, but they would be essential in 7.1.9.

order to give reasonable confidence that a decision to support expansion of Heathrow was 

not based on a scenario where ongoing breaches of air quality limit values are effectively 

given Government support. Investor confidence can only be assured by ensuring ongoing 

compliance with the legal limits. Any forward predictions must be based on a very high 

degree of confidence that they are robust, must not be based on an unduly optimistic view of 

future improvements. In the light of the findings in this document, establishing such a high 

degree of confidence will be a major challenge with a Heathrow scheme – a challenge which 

in all probability will be insuperable. 

 In setting out its decision on the location for new runway capacity this summer, the 7.1.10.

Government has a clear choice between: 

 A Gatwick scheme which poses no risk to compliance with legal limits on air quality; 

and 

 A Heathrow scheme which carries very significant risks of proving to be unable to meet 

the legal test on air quality in practice in the timescale required. 

 If Government was minded to accept the risks of a Heathrow scheme, it should also set out a 7.1.11.

full analysis of those risks and their implications, as well as the robust safeguards it proposes 

to put in place to prevent a breach of legal limits. 
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8. Conclusions 

 This report summarises a compelling body of evidence, prepared by a team of air quality 8.1.1.

experts, which addresses different aspects of the Government’s Air Quality Plans – aspects 

which are central to assessing the degree of reliance that can be placed on the Plan’s future 

predictions for when compliance will be achieved with legally binding limits on NO2. 

 It is clear from this evidence that the predictions in the Air Quality Plan are subject to very 8.1.2.

many uncertainties.  

 Vehicle emission factors used for the Plan’s predictions are not based on the most up to date 8.1.3.

data, and are almost certain to be too low. The DfT’s vehicle emissions testing programme 

shows that vehicle emissions assumed for Euro 6 diesel cars are more than double the 

assumptions used for modelling in the Air Quality Plan, and there are corresponding 

discrepancies for older Euro 5 vehicles too. 

 These views are also supported by the work of TNO and Emission Analytics.  8.1.4.

 TNO also reports that COPERT emission factors also need to be increased by 30-50% for 8.1.5.

Euro-VI HGVs and buses. 

 Assumptions made about the benefits of the Plan’s measures are also likely to be too 8.1.6.

optimistic. It has been shown that Defra’s PCM model performs poorly when it comes to 

predicting future concentrations in the areas of poorest air quality. In addition, recent analysis 

by Air Quality Consultants Ltd suggests that the PCM model may be under-predicting future 

background concentrations across west London by between 3 µg/m3 and 7 µg/m3.  

 The predictions in the Plan, as with predictions made in previous plans, are therefore almost 8.1.7.

certain to be too optimistic. 

 This means that whilst the Government projects that compliance with the limit value will be 8.1.8.

achieved for Greater London by 2025, the evidence, when aggregated, points towards there 

being virtually no possibility that compliance will be achieved until later. The findings of DfT’s 

emissions testing when combined with the evidence of Gatwick’s consultants strongly 

suggest that compliance in London will not be achieved until sometime beyond 2030. The 

task of making the area around Heathrow compliant is likely to be particularly difficult. 

 As it stands, the Plan does not form a sound basis for reaching a decision on the crucial 8.1.9.

issue of whether Heathrow expansion could be taken forward in conformity with legal limits 

on air quality. The evidence does, however, clearly show the very significant risks that a 

Heathrow scheme would not be able to be taken forward legally until after 2030. 

 If Government was minded to accept the risks of a Heathrow scheme, it should set out an 8.1.10.

analysis of those risks and their implications, as well as the robust safeguards it proposes to 

put in place to prevent a beach of legal limits. These safeguards would need to include: 

i) No construction to begin until air quality around Heathrow has met legal limits for a 

period of at least three consecutive years; 

ii) No construction to begin, and no new capacity to be released at the expanded airport, 

until an independent, statutory body has verified that this will not cause a breach of air 

quality limits to recur; and 

iii) A contingency plan, backed by the necessary legal powers, to bring air quality back 

into compliance should the legal limits be breached as the airport expands. 
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 Such conditions will introduce significant investor uncertainty, but they would be essential in 8.1.11.

order to give reasonable confidence that a decision to support expansion of Heathrow was 

not based on a scenario where ongoing breaches of air quality limit values are effectively 

given Government support. 

 The alternative of a scheme at Gatwick poses no such risk to compliance with legal limits on 8.1.12.

air quality. 
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Executive Summary 
The PCM national model1 is used by the government to determine the UK’s compliance or 
otherwise with the EU limit values for air quality, in particular, the EU annual mean limit 
value for nitrogen dioxide, NO2, of 40µg/m3, the limit for which is currently breached in 38 
of the UK’s 43 zones. The model is used for annual reporting, to supplement monitoring data. 

Its results were used by the Airports Commission to determine the risk of non-compliance of 
the options to expand Heathrow and Gatwick. Most recently PCM has been used by Defra to 
make the predictions in the UK Air Quality Plan2 about future air quality, which suggest that 
improvements will mean that compliance in all UK zones, except London, will be achieved 
by 2020, and that compliance in London will be achieved by 2025. 

This report assesses the uncertainty in the PCM model’s predictions, past and present, and 
considers what can be done to have greater confidence that predictions of compliance will be 
met. It should be read in conjunction with the report by ADM Ltd. which compares model 
predictions by ADMS-Urban and screening models with monitored data. 

The performance of the PCM model and the associated uncertainties have been explored 
using the publicly available data: 

1. Verification information for UK roadside sites published in the latest Air Quality 
Plan’s accompanying Technical Report3 has been has been analysed to determine 
whether there are any trends in how the model under- or over-predicts concentrations, 
and how certainty about compliance with a threshold can be increased; 

2. The 2013 PCM baseline predictions, issued by Defra as a GIS shapefile, have been 
compared with 2013 data from automatic monitoring stations at roadside locations 
across London to assess whether there are any trends in how the model under- or 
over-predicts concentrations; and  

3. Past forecasts by PCM of predicted concentrations have been compared with now-
actual monitoring data, and the difference in concentration quantified. The forecasts 
considered are: 

a. PCM forecasts for 2001 (past year), 2010 and 2020 undertaken for Defra, 
published in 2007; and 

b. PCM forecast for 2001 (past year), 2010 and 2020 undertaken for Defra, 
published in 2006, using a different base year. 

  

                                                 
1 Pollution Climate Model http://uk-air.defra.gov.uk/research/air-quality-modelling?view=modelling  
2 Defra, Improving air quality in the UK, Tackling nitrogen dioxide in our towns and cities, UK overview 
document, December 2015 https://www.gov.uk/government/collections/air-quality-plan-for-nitrogen-dioxide-
no2-in-uk-2015 
3 Defra, Improving air quality in the UK, Tackling nitrogen dioxide in our towns and cities, Technical report, 
December 2015, REVISED: 18 January 2016 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/492901/aq-plan-2015-technical-
report.pdf  

http://uk-air.defra.gov.uk/research/air-quality-modelling?view=modelling
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/492901/aq-plan-2015-technical-report.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/492901/aq-plan-2015-technical-report.pdf
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The detailed conclusions are as follows. 

1. PCM model trends and uncertainty 

This analysis of PCM model verification at roadside sites across the UK has shown: 
• At the highest monitored concentrations, the model under-estimates significantly. 

Moreover, the trendlines show that on average, the model performance moves from 
over-predicting at monitored concentrations lower than about 40µg/m3 to under-
predicting above about 40µg/m3; 

• The verified PCM model has a greater tendency to under-predict for monitored 
concentrations close to 40µg/m3 (35-45µg/m3) and over 40µg/m3, than it does overall; 
and 

• It is not sufficient to use the EU limit value itself as the assessment level for 
compliance. Use of a lower, surrogate level increases confidence in compliance: 

o If the limit value is used as the assessment level, i.e. 40µg/m3, then there is a 
48% likelihood that the monitored concentration would exceed 40µg/m3; 

o Even if an assessment level is selected that is 10% lower than the limit value 
(i.e. 36µg/m3) then there is still a 37% likelihood that the monitored 
concentration would exceed 40µg/m3. 

2. PCM performance at roadside sites in London 

The analysis of monitored and modelled concentrations at roadside sites in London for 2013 
has shown: 

• PCM over-estimates at the lower concentrations and under-estimate at the higher 
concentrations; 

• The real under-prediction by PCM is even worse than our analysis shows, for those 
monitors further from the kerbside than the 4m assumed by PCM; and 

●  There is substantial spread in the difference between monitored and predicted 
concentrations. 22% of forecasts differ by more than 30% from the monitored values. 
The data quality objective (DQO) set by the EC Air Quality Directive (AQD)4 allows 
10% of forecasts to differ by more than 30%. The DQO is therefore not met for the set 
of data comprising roadside monitoring sites in London.  

3. Quality of previous forecasts 

This note has compared predicted concentrations, from recent national studies, carried out 
using the national PCM model, with actual monitoring data. The studies, carried out for 
Defra, were major studies that were subject to review and were used to inform policy 
decisions. 

Despite the different models reported and the range of scales of the studies: Zone, borough 
and airport, the outcomes are similar: 

• Forecasts of concentrations at the highest recording sites are shown to be over-
optimistic with respect to predicting compliance with EU limit value; 

• Predicted year-on-year decreases in concentrations have not happened; 
• Exceedences of the 40µg/m3 limit value for NO2 as an annual mean stubbornly persist 

at some sites.  At these sites the model under-estimates. 
                                                 
4 DIRECTIVE 2008/50/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 21 May 2008 
on ambient air quality and cleaner air for Europe 
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0050&from=EN  

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0050&from=EN
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• The highest under-prediction by PCM modelling (published in 2007 for the future 
year of 2010) was 26µg/m3 (a level that represents 65% of the 40µg/m3  limit value); 
and 

• Model forecasts are sensitive to the input data and default parameters, for instance the 
choice of base year in PCM. Choice of a different base year caused a difference of up 
to 4.5µg/m3 in PCM predictions, corresponding to over 10% of the EU limit value, yet 
the sensitivity to such a choice has not been described in Defra’s 2015 Air Quality 
Plan. 

 

The main conclusions of this report are: 

Overall PCM past and current predictions were found to over-predict the lowest 
concentrations and to under-predict the highest concentrations which reduces 
significantly the confidence that can be attached to the Plan’s predicted dates for 
achieving compliance.  

It has been demonstrated that to increase confidence in forecasts of compliance with the 
40µg/m3 limit value, forecasts of achieving a lower, surrogate level of concentration 
should be used. 

The sensitivity of PCM model predictions to the choice of ‘base year’ has been shown to 
be significant yet the sensitivity to such a choice has not been described in Defra’s 2015 
Air Quality Plan. 
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1 Introduction 
The PCM national model is used by the government to report to the EU the status of the UK’s 
compliance with air quality limit values for nitrogen dioxide (NO2). It has also been used to 
model the current and future baseline concentrations and the future concentrations under 
Defra’s ‘Plan Scenarios’, published as part of its latest Air Quality Plan (AQP)5. Outputs 
from the PCM model were also used by the Airports Commission to determine the risk of 
non-compliance of expansion schemes and this assessment formed the basis of their 
conclusion that the Heathrow schemes would result in a risk of non-compliance without 
further mitigation. 

The overall purpose of the PCM modelling is, therefore, to judge when the various scenarios 
modelled result in compliance with the EU limit value for annual mean NO2. This report 
assesses the uncertainty in model predictions and what can be done to have greater 
confidence that the predictions of compliance will be met. 

Sections 2 and 3 of this report examine the performance of the PCM model as published 
recently to accompany the government’s Air Quality Plan. Section 4 examines its past 
performance in predicting future concentrations as judged against now actual monitoring 
data. Section 5 draws conclusions. The report also considers what could be done to increase 
confidence in model forecasts of predictions. Appendix A contains data used that is not 
included in the body of the report. 

 

 

                                                 
5 Defra, Improving air quality in the UK, Tackling nitrogen dioxide in our towns and cities, UK overview 
document, December 2015 https://www.gov.uk/government/collections/air-quality-plan-for-nitrogen-dioxide-
no2-in-uk-2015  

https://www.gov.uk/government/collections/air-quality-plan-for-nitrogen-dioxide-no2-in-uk-2015
https://www.gov.uk/government/collections/air-quality-plan-for-nitrogen-dioxide-no2-in-uk-2015


Gatwick Airport Limited Air Quality Support 
Air Quality in the UK - The PCM Model and Modelling Uncertainty 

 

The PCM Model and Modelling Uncertainty | Final | 7 April 2016  
\\GLOBAL.ARUP.COM\LONDON\PTG\ICL-JOBS\235000\235135 - GATWICK AIRPORT AIR QUALITY SUPPORT\4 INTERNAL PROJECT DATA\4-04 ARUP CALCULATIONS\201602_TASKS 1-4\SUMMARY 
REPORT\0002 AIR QUALITY_ISSUE.07.04.2016.DOCX 

6 
 

2 PCM Model Verification, Adjustment and 
Uncertainty 

The overall purpose of the PCM modelling is to judge compliance with the EU limit value for 
annual mean NO2 on the basis of model results. This section describes the implications of the 
usual model verification and adjustment process in terms of certainty that a limit value will 
be achieved. Information available from the PCM model verification has been analysed to 
determine whether there are any trends in how the model under- or over-predicts 
concentrations and how certainty about compliance with a threshold can be increased. 

All modelling is a simplification of the actual physical processes involved and therefore has 
uncertainties associated with the results. In common with many air quality modelling 
approaches, the PCM model is “calibrated” against actual modelling data. Although the 
calibration process is not explained in detail, if it follows the normal approach the modelled 
values are plotted against measured concentrations and a line of best fit plotted. If this shows 
that the model is systematically under- or over-predicting pollutant concentrations, then the 
modelled results are “adjusted” using a factor derived from the line of best fit. This is the 
procedure followed when modelling concentrations due to road traffic as part of an 
Environmental Impact Assessment, Local Air Quality Management or a standalone air 
quality assessment and Defra’s recommended methodology for model verification and 
adjustment described in its Technical Guidance for air quality management, LAQM.TG(09)6. 
For the PCM model, the situation is slightly more complicated as the model itself is partly 
empirical – i.e. it partly relies on a fit with monitoring data. 

To illustrate how model adjustment works an example is provided below, which is extracted 
from LAQM.TG(09). First the initial modelled results are plotted against measured values as 
shown in Figure 1. In this example the modelled concentrations are significantly lower than 
the measured values (on average, by a factor of 2.36). The modelled results are therefore 
“adjusted” by a factor of 2.36 and the results replotted as seen in Figure 2. 

 

 

 

 

 

 

 

                                                 
6 Defra Local Air Quality Management, Technical Guidance LAQM.TG(09) February 2009 
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Figure 1. Initial Modelling results vs measured values, taken from LAQM.TG(09)6 

 
Figure 2. Adjusted model results vs measured concentrations, taken from LAQM.TG(09)6 
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As can be seen, this model adjustment process results in a ‘line of best fit’ where modelled 
and measured concentrations are approximately the same. However, there is still scatter of 
the actual results above and below the line of best fit. There would be an expectation that 
approximately half of the modelled values would be under-predictions and half over-
predictions. As a result, if the modelling shows that the predicted concentration is say 
40µg/m3, then for approximately half of data, the actual measured value would be above 
40µg/m3. This is important if you wish to show compliance with the limit value and how 
certain you wish to be about this decision. If you choose to base your decision on the limit 
value itself, then you will know that for 50% of cases, the actual measured value will be 
higher. Therefore, a lower value is sometimes selected as a surrogate threshold to provide 
greater confidence that an exceedence of the real threshold will not occur.  For instance, 
when local authorities consider whether to declare an Air Quality Management Area they 
have sometimes selected an assessed concentration of 36µg/m3 (i.e. giving a 10% margin of 
error) as the concentration above which an AQMA should be declared. 

When making a decision on whether the UK complies with the EU limit value the 
government has taken the approach of using the PCM model results as entirely accurate, 
without any further consideration about the uncertainty of compliance. Therefore, if the PCM 
model predicts less than 40µg/m3 it is considered by the UK Government to indicate 
compliance (although our review of previous submissions suggests that the Government may 
also take into account monitoring information to an extent). However, this decision is taken 
knowing that for approximately 50% of cases, the actual monitored concentration would be 
higher. It can therefore say that the decision has been based on a 50% level of confidence. A 
higher level of confidence can be achieved if the decision is based on a lower modelled 
concentration and this has been investigated further here.  

The information available from the PCM model verification can also be analysed to 
determine whether there are any trends in how the model under- or over-predicts 
concentrations and how certainty about compliance with a threshold can be increased. This 
has been assessed by assessing the model performance as a function of the predicted 
concentration. 

2.1 PCM Model Verification 
The AQP Technical Report7 provides a graph showing the verification outcome of the PCM 
model for concentrations at roadside sites for the UK as a whole. This is reproduced in Figure 
3. The numerical data used to prepare Figure 3 were not provided in numerical format but the 
data can be taken from the graph with sufficient accuracy (to the nearest integer value) for 
further analysis. 108 data points were extracted from the verification data: 52 points showed 
an under-prediction, 51 points showed an over-prediction and the remaining 3 points had a 
zero error.  

As can be seen in Figure 3 the model results lie mostly within 30% of the actual measured 
concentrations. However, from visual inspection, it can be seen that at the highest predicted 
values there appears to be a tendency for the model to under-predict (the highest measured 

                                                 
7 Defra, Improving air quality in the UK, Tackling nitrogen dioxide in our towns and cities, Technical report, 
December 2015, REVISED: 18 January 2016 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/492901/aq-plan-2015-technical-
report.pdf 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/492901/aq-plan-2015-technical-report.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/492901/aq-plan-2015-technical-report.pdf
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values lie below the y=x line). The PCM model performance has been investigated further 
quantitatively, 

  
Figure 3. PCM Model Verification for Roadside Sites 

 
The percentage and absolute difference between the monitored and modelled values has been 
calculated and these have been plotted to show the frequency with which a particular error 
band occurs, see Figures 4 and 5. This was explored further by examining the model 
performance as a function of the predicted concentration. The results are shown in Figure 6 
and Figure 7.  They show that at the highest monitored concentrations, the model under-
estimates significantly. Moreover, the trendlines show that on average, the model 
performance moves from over-predicting at monitored concentrations lower than about 
40µg/m3 to under-predicting above about 40µg/m3. This is clearly important when assessing 
compliance with the 40µg/m3 limit value.  
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Figure 4. PCM percentage error (negative values indicate model under-prediction) 

 

 
Figure 5. Absolute difference between modelled and monitored concentrations (negative values 
indicate model under-prediction) 
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Figure 6. PCM model percentage error as a function of predicted concentration 

 
Figure 7. Average absolute error (µg/m3) in PCM model as a function of predicted concentration 

As a further analysis, Table 1 compares the number and average magnitude of model over- 
and under-predictions, taking firstly the whole data set, then selecting data for when the 
modelled concentrations was over 40µg/m3 and finally for data where the monitored 
concentrations were in the range 35-45 µg/m3. It reinforces what can be seen from Figure 6 
and Figure 7, which is, that the verified PCM model has a greater tendency to under-predict 
for monitored concentrations close to 40µg/m3 (35-45µg/m3) and over 40µg/m3, than it does 
overall. Table 1 also shows that although overall the number of over-predictions and under-
predictions are similar, the magnitude of the model under-predictions are greater on average 
than the over-predictions. 
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Table 1.  Comparison of number and average magnitude of model over- and under-predictions 

 Number Average value (µg/m3) 
All data   
Model under-predictions 52 -12.4 
Model over-predictions 51 9.4 
Neither over nor under 5 n/a 
Data where monitored concentrations > 40 
µg/m3 

  

Model under-predictions 35 -15.7* 
Model over-predictions 19 12.7* 
Neither over nor under 0 n/a 
Data where monitored >=35µg/m3 and 
=<45µg/m3 

  

Model under-predictions 20 -8.6* 
Model over-predictions 10 10.1* 
Neither over nor under 0 n/a 

Note:*sample size is small. 
 
The average model performance in predicting monitored concentrations, as shown in Figure 
4, can be summarised as follows: 
 
Percentage of model results that under-predict >40% (monitoring exceeds threshold) 6.5% 
Percentage of model results that under-predict >30% (monitoring exceeds threshold) 15.7% 
Percentage of model results that under-predict >20% (monitoring exceeds threshold) 22.2% 
Percentage of model results that under-predict >10% (monitoring exceeds threshold) 37.0% 
Percentage of model results that under-predict in total (monitoring exceeds threshold) 48.1% 
 
Percentage of model results that over-predict in total (monitoring below threshold) 47.2% 
Percentage of model results that over-predict >10% (monitoring below threshold)  38.0% 
Percentage of model results that over-predict >20% (monitoring below threshold)  24.1% 
Percentage of model results that over-predict by >30% (monitoring below threshold) 13.9% 
Percentage of model results that over-predict by >40% (monitoring below threshold) 7.4% 
 
This data can be used to determine appropriate, surrogate, assessment levels for the PCM 
model where there would be a greater level of confidence that the limit value would be 
achieved. For example: 
 

• If the limit value is used as the assessment level, i.e. 40µg/m3, then there is a high 
(48.1%) likelihood that the monitored concentration would exceed 40µg/m3; 

• If an assessment level is selected that is 10% lower than the limit value (i.e. 36µg/m3) 
then the risk that the monitored concentration would exceed 40µg/m3 reduces to 
37.0%; 

• If an assessment level is selected that is 20% lower than the limit value (i.e. 32µg/m3) 
then there is a 22.2% likelihood that the monitored concentration would exceed 
40µg/m3; 

• And so on, as shown in Figure 8. 
 



Gatwick Airport Limited Air Quality Support 
Air Quality in the UK - The PCM Model and Modelling Uncertainty 

 

The PCM Model and Modelling Uncertainty | Final | 7 April 2016  
\\GLOBAL.ARUP.COM\LONDON\PTG\ICL-JOBS\235000\235135 - GATWICK AIRPORT AIR QUALITY SUPPORT\4 INTERNAL PROJECT DATA\4-04 ARUP CALCULATIONS\201602_TASKS 1-4\SUMMARY 
REPORT\0002 AIR QUALITY_ISSUE.07.04.2016.DOCX 

13 
 

 
Figure 8. Predicted PCM Surrogate Threshold Concentration and the Associated Probability that 
Monitored Concentrations Exceed the Actual Threshold 

 
To have a greater degree of confidence that the limit value of 40 µg/m3 would be achieved, a 
lower modelled concentration from the PCM model would have to be selected as the 
assessment level.  Note that Figure 8 is derived from the entire data set. As noted above, the 
PCM model performance is worse at higher concentrations and therefore the probability of 
monitored data not exceeding the threshold would be lower at concentrations close to and 
above 40µg/m3 than shown in Figure 8. 
 

2.2 Conclusions of PCM Model Investigation 
This analysis of PCM model verification at roadside sites across the UK has shown: 

• At the highest monitored concentrations, the model under-estimates significantly. 
Moreover, the trendlines show that on average, the model performance moves from 
over-predicting at monitored concentrations lower than about 40µg/m3 to under-
predicting above about 40µg/m3; 

• The verified PCM model has a greater tendency to under-predict for monitored 
concentrations close to 40µg/m3 (35-45µg/m3) and over 40µg/m3, than it does overall; 

• It is not sufficient to use the EU limit value itself as the assessment level for 
compliance. Use of a lower, surrogate level would increase confidence in when 
compliance might be achieved: 

o If the limit value is used as the assessment level, i.e. 40µg/m3, then there is a 
48.1% likelihood that the monitored concentration would exceed 40µg/m3; 

o If an assessment level is selected that is 10% lower than the limit value (i.e. 
36µg/m3) then there is a 37.0% likelihood that the monitored concentration 
would exceed 40µg/m3. 
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3 Comparison of PCM Model with Monitoring Data 
at Roadside Sites in London 

It was noted earlier that the PCM model predictions are used in the UK’s annual reporting to 
the EU of compliance (or non-compliance) with EU limit values in combination with 
monitored data. The EC Directive on ambient air quality and cleaner air for Europe 
(2008/50/EC), the Air Quality Directive (AQD)8, sets a data quality objective (DQO) for the 
modelling uncertainty of such models. The DQO for annual average NO2 requires 90% of 
model predictions to be within 30% of the monitored values at monitoring stations. 30% of 
the NO2 annual mean limit value corresponds to ±12µg/m3, which may be thought to 
represent good performance for a national model but in reality represents significant 
uncertainty about compliance and non-compliance. At the up to 10% of sites not meeting this 
criterion the uncertainty is even greater. 

The PCM model predictions of roadside concentrations in London for the base year of 20139, 
published by Defra to accompany the 2015 Air Quality Plan, have been compared with actual 
monitored data for 2013. The monitoring data were obtained from the Defra UK-Air10, 
LondonAir11 and Air Quality England12 websites.  

The PCM model predictions are on a road link basis, that is, the same concentration is 
predicted for all roadside locations along the link, with no account being taken of local 
differences along the link (which would affect emissions) such as junctions, bus stops or 
particular traffic conditions, such as queuing traffic. At roadside sites the predictions are 
calculated at a distance of 4m from kerbside, with 4m selected as the average distance of 
traffic sites from the kerb. The concentrations for those links adjacent to automatic, roadside 
monitoring sites have been extracted from the GIS data file. Table 2 below, shows the 
monitored and PCM modelled data for each automatic monitoring site and the actual distance 
of the monitor from the kerb. Approximately half the monitoring sites are 4m or closer to the 
kerb and the other half, of course, are further from the kerb than 4m. 

Figure 9 shows the comparison of monitored concentrations and PCM modelled 
concentrations at roadside monitoring sites in London. PCM can be seen to over-estimate at 
the lower concentrations and under-estimate at the higher concentrations, as has been 
observed in Section 2, for roadside sites across the UK.  

The PCM documentation is not explicit about verification at roadside sties, and whether the 
predicted concentrations at 4m from the kerb are used, or whether an adjustment is made for 
the actual location of the monitoring sites. However, the similarity of Figure 9 (monitored 
concentrations versus PCM concentrations at 4m from the kerb) to Figure 3, above, the PCM 
verification plot for roadside sites across the UK, suggests that no adjustment is made. The 
consequence is that the under-prediction by PCM is worse than Figure 9 shows for those 

                                                 
8 DIRECTIVE 2008/50/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 21 May 2008 
on ambient air quality and cleaner air for Europe 
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0050&from=EN  
9 GIS shapefile for NOx and NO2 baseline projections to 2020, 2025 and 2030  http://uk-
air.defra.gov.uk/library/no2ten/2015-no2-projections-from-2013-data  
10 http://uk-air.defra.gov.uk/ 
11 http://www.londonair.org.uk/LondonAir/Default.aspx 
12 http://www.airqualityengland.co.uk/ 

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0050&from=EN
http://uk-air.defra.gov.uk/library/no2ten/2015-no2-projections-from-2013-data
http://uk-air.defra.gov.uk/library/no2ten/2015-no2-projections-from-2013-data
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monitors further from the kerb than 4m. Conversely, the under-prediction will be improved 
for those roadside sites closer to the kerb than 4m. 

It can also be seen that there is substantial spread in the difference between monitored and 
predicted concentrations. 10 out of the 46 model forecasts, that is 22%, lie outside the ±30% 
envelope and so for this set of data, the 90% AQD DQO would not be met. 

 
Figure 9. Comparison of Monitored Annual Mean NO2 Concentrations (µg/m3) with PCM Modelled 
Concentrations for 2013. (Dashed lines show ±30%.) 

3.1 Conclusions of Comparison at Roadside Sites in London 
The analysis of monitored and modelled concentrations at roadside sites in London for 2013 
has shown: 

• PCM over-estimates at the lower concentrations and under-estimate at the higher 
concentrations. 

• The real under-prediction by PCM is worse than Figure 9 shows for those monitors 
located further form the kerb than the 4m assumed by PCM. 

• There is substantial spread in the difference between monitored and predicted 
concentrations. 10 out of the 46 model forecasts, that is 22%, lie outside the ±30% 
envelope and so for this set of data, the AQD DQO would not be met. 
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Table 2. Comparison of Monitored Annual Mean NO2 Concentrations (µg/m3) with PCM Modelled 
Concentrations for 2013  

Monitoring site Borough Measured 
annual mean 
concentration 

(µg/m3)1 

PCM annual 
mean 

concentratio
n   (µg/m3) 

Distance 
from the 

kerb      
(m) 

Euston Road Camden 111 105 0.5 
Shaftesbury Avenue Camden 77 54 3 
Beech Street City of London 85 62 1 
Walbrook Wharf City of London 122 104 4 
Clarence Road Clarence Road 41 32 3.5 
George Street Croydon 49 52 8 
Purley Way A23 Croydon 37 46 3.4 
Hanger Lane Gyratory Ealing 74 75 3 
Southall Railway Ealing 35 44 1 
Western Avenue Ealing 65 87 n/a 
Derby Road Enfield 44 58 6 
A206 Burrage Grove Greenwich 45 49 20 
Blackheath Greenwich 48 53 10 
Fiveways Sidcup Rd A20 Greenwich 58 46 2 
Plumstead High Street Greenwich 37 42 5 
Trafalgar Road Greenwich 41 52 5 
Westhorne Avenue Greenwich 46 58 12 
Woolwich Flyover Greenwich 64 45 3 

Falconwood Greenwich/Bexle
y 51 61 12 

Old Street Hackney 64 80 6 
Haringey Town Hall Haringey 44 47 9 
Pinner Road Harrow 42 36 3 
Rainham Havering 30 38 19 
Romford Havering 33 32 8 
Hayes Hillingdon 47 41 5 
Hillingdon 1 - South 
Ruislip Hillingdon 45 43 2.5 

Chiswick Hounslow 56 47 6 
Gunnersbury Avenue Hounslow 56 58 4 
Heston Hounslow 51 38 4 
Holloway Road Islington 54 58 3 
Loampit Vale Lewisham 57 65 8 
New Cross Lewisham 51 99 6 
Morden Civic Centre Merton 40 41 3 
Kings Road RBKC 84 57 8 
Knightsbridge RBKC 90 83 1.5 
Gardner Close Redbridge 45 85 n/a 
Castlenau Richmond 39 46 3 
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Bat and Ball Sevenoaks 29 26 6.7 
A2 Old Kent Road Southwark 58 60 5 
London Road Purfleet Thurrock 63 38 2 
Stanford-le-Hope Thurrock 28 27 n/a 
Blackwall Tower Hamlets 58 99 4 
Mile End Road Tower Hamlets 61 57 4.2 
Battersea Wandsworth 45 68 n/a 
Putney High Street  Wandsworth 106 53 0.5 

Frascati Way Windsor & 
Maidenhead 46 37 3.8 

Note: 1Sites with annual data capture less than 75% have been excluded. 
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4 Accuracy of Previous Model Forecasts 

4.1 Introduction 
Defra’s latest Air Quality Plan5 (AQP) contains forecasts made using the PCM model of 
concentrations across London and the rest of the UK for 2020, 2025 and 2030. PCM, as the 
national model, has been used repeatedly for over 10 years to predict future pollutant 
concentrations and hence to predict UK compliance with the EU limit values. The latest AQP 
predicts compliance with the EU annual mean limit value for NO2 by 2025 in London, 15 
years after the date set by the EU. It is appropriate to look back at the many years of planning 
and forecasting and to examine just how well previous PCM model forecasts have performed. 
 
This section compares earlier forecasts made using PCM for London with actual monitored 
data that is now available to assess the past performance of forecasts made for Defra. Results 
for two versions of PCM are used, differing only in the “base year” used for the model to 
demonstrate the sensitivity of PCM model results to the chosen ‘base year’. Forecasts of 
concentrations around Heathrow made using the ADMS-Urban model and forecasts made at 
sites across the London Borough of Hillingdon using screening models have also been 
compared with monitoring data. Monitored concentrations have been obtained from the Defra 
UK-Air website13, Heathrow Airwatch website14 and local authority reports15. The data used 
in this section are given in Table A1. 

4.2 PCM forecasts across London 
The PCM model forecasts published in 200716 were part of modelling studies carried out to 
support the 2006 review of the Air Quality Strategy for England, Scotland, Wales and 
Northern Ireland which was focussed on measures to reduce concentrations of NO2 and 
particulate matter.  
The PCM model, with a “base year” of 2003, was used to predict concentrations at the 
AURN monitoring stations across London for 2001 (a past year), 2010 and 2020. Figure 10 
compares the PCM predicted concentrations for each year separately, for 2001, 2010 and 
2020 with monitored data for 2001, 2010 and 2015 (2015 being the nearest year of available 
data to 2020). Figure 11 shows the combined PCM modelled and monitored data for all three 
years. 

• The figures show that the PCM model data predicted that concentrations would fall 
year-on-year at all sites. The actual monitoring data does not show such a trend. 

o For the sites recording the lowest concentrations in 2002 (around 40 µg/m3 
and below), concentrations did decrease with time, and the model over-
estimated future concentrations. 

o However, for those monitoring sites recording the highest concentrations in 
2002 (over 40 µg/m3), monitored concentrations increased between 2001 and 

                                                 
13 http://uk-air.defra.gov.uk/ 
14 http://www.heathrowairwatch.org.uk/ 
15 London Borough of Hillingdon USA 2006; London Borough of Hillingdon Progress Report 2011. 
16 Model comparison report for AQSR, Report to The Department for Environment, Food and Rural Affairs, 
Welsh Assembly Government, the Scottish Executive and the Department of the Environment for Northern 
Ireland AEAT/ENV/R/2456/Issue 1, January 2007 
http://uk-air.defra.gov.uk/assets/documents/reports/cat17/0707171117_ModelcomparisonreportforAQSRv7.pdf 

http://uk-air.defra.gov.uk/assets/documents/reports/cat17/0707171117_ModelcomparisonreportforAQSRv7.pdf
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2010; concentrations also increased between 2001 and 2015 for several sites; 
and the model under-estimated future concentrations. 

• The maximum under-estimate by the PCM model was up to 65% of the air quality 
objective: 

o 8µg/m3 in 2001 (past year) 
o 26µg/m3 in 2010 

 
The PCM forecasts are sensitive to the ‘base year’ used for the predictions. An earlier report 
to Defra17 compared the same results of PCM run with a ‘base year’ of 2003 (above) with 
PCM model results run with a base year of 2004. Figure 12 compares the modelled 
predictions for 2001, 2010 and 2020 for the two versions of PCM with the different ‘base 
years’. Use of a 2003 ‘base year’ generally produced higher model predictions than with 
2004 as the base year. 

• The sensitivity of predicted concentrations to the choice of ‘base year’ is striking, 
with an average magnitude of difference between the PCM forecasts with different 
‘base years’ of around 10% of the air quality objective:  

o 4.5µg/m3 in 2001 (past year) 
o 3.6µg/m3 in 2010 

• The maximum difference in concentration between PCM and actual monitoring data 
was 14µg/m3, which was a model prediction for the past year of 2001.   

• No sensitivity of PCM model predictions to base year or similar inputs has been 
presented within Defra’s 2015 Air Quality Plan. 

 
 
 
 
  

                                                 
17 Modelling of Current and Future Concentrations of PM, NOx and O3 in London using ADMS-Urban 
Prepared for DEFRA, National Assembly for Wales, The Scottish Executive and Department of the 
Environment, Northern Ireland FM642/TR04/R1/06 http://uk-
air.defra.gov.uk/assets/documents/reports/cat16/0605181650_TR04_R1_ModellingforLondon_01Mar06h.pdf 

http://uk-air.defra.gov.uk/assets/documents/reports/cat16/0605181650_TR04_R1_ModellingforLondon_01Mar06h.pdf
http://uk-air.defra.gov.uk/assets/documents/reports/cat16/0605181650_TR04_R1_ModellingforLondon_01Mar06h.pdf
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Figure 10. Comparison of PCM (base year 2003) modelled concentrations with monitored 
concentrations at AURN sites across London for 2001 (past year) [top], 2010 [middle] and 
2020 with 2015 monitoring data [bottom] 
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Figure 11. Comparison of PCM (base year 2003) modelled concentrations with monitored concentrations at AURN sites across London for 2001 
(past year) [blue], 2010 [orange] and 2020 with 2015 monitoring data [green] 
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Figure 12. Comparison of PCM modelled concentrations for base years of 2003 and 2004 at AURN sites across London for 2001, 2010 and 
2020. 
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4.3 Conclusions on the Accuracy of Previous Forecasts 
This note has compared predicted concentrations carried out using the national PCM model 
with actual monitoring data. The studies where these models were used by Defra were major 
studies that were subject to review and were used to inform policy decisions. 

Despite the different models reported and the range of scales of the studies: Zone, borough 
and airport, the outcomes are similar: 

• Forecasts of concentrations at the highest recording sites are shown to be over-
optimistic with respect to predicting compliance with EU limit value; 

• Predicted year-on-year decreases in concentrations have not happened; 
• Exceedences of the 40µg/m3 limit value for NO2 as an annual mean stubbornly persist 

at some sites.  At these sites the model under-estimates. 
• The highest under-prediction by PCM modelling (published in 2007 for the future 

year of 2010) was 26µg/m3 (a level that represents 65% of the 40µg/m3 limit value); 
and 

● Model forecasts are sensitive to the input data and default parameters, for instance the 
choice of base year in PCM. Choice of a different base year caused a difference of up 
to 4.5µg/m3 in PCM predictions, corresponding to over 10% of the EU limit value, yet 
the sensitivity to such a choice has not been described in Defra’s 2015 Air Quality 
Plan. 
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5 Conclusion 
This report investigated uncertainty in PCM model predictions, past and present, and what 
can be done to have greater confidence that the predictions of compliance will be met. 

The performance of the PCM model and the associated uncertainties have been explored 
using the publicly available data: 

• Verification information for UK roadside sites published in the latest Air Quality 
Plan’s accompanying Technical Report7; 

• The 2013 PCM baseline predictions, issued by Defra as a GIS shapefile, have been 
compared with 2013 data from automatic monitoring stations at roadside locations 
across London; and  

• Past forecasts by PCM and other models of then-future concentrations published by 
Defra. 

The detailed conclusions are as follows. 

4. PCM model trends and uncertainty 

This analysis of PCM model verification at roadside sites across the UK has shown: 
• At the highest monitored concentrations, the model under-estimates significantly. 

Moreover, the trendlines show that on average, the model performance moves from 
over-predicting at monitored concentrations lower than about 40µg/m3 to under-
predicting above about 40µg/m3; 

• The verified PCM model has a greater tendency to under-predict for monitored 
concentrations close to 40µg/m3 (35-45µg/m3) and over 40µg/m3, than it does overall; 
and 

• It is not sufficient to use the EU limit value itself as the assessment level for 
compliance. Use of a lower, surrogate level increases confidence in compliance: 

o If the limit value is used as the assessment level, i.e. 40µg/m3, then there is a 
48% likelihood that the monitored concentration would exceed 40µg/m3; 

o Even if an assessment level is selected that is 10% lower than the limit value 
(i.e. 36µg/m3) then there is still a 37% likelihood that the monitored 
concentration would exceed 40µg/m3. 

5. PCM performance at roadside sites in London 

The analysis of monitored and modelled concentrations at roadside sites in London for 2013 
has shown: 

• PCM over-estimates at the lower concentrations and under-estimate at the higher 
concentrations; 

• The real under-prediction by PCM is even worse than our analysis shows, for those 
monitors further from the kerbside than the 4m assumed by PCM; and 

●  There is substantial spread in the difference between monitored and predicted 
concentrations. 22% of forecasts differ by more than 30% from the monitored values. 
The data quality objective (DQO) set by the EC Air Quality Directive (AQD)18 allows 

                                                 
18 DIRECTIVE 2008/50/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 21 May 2008 
on ambient air quality and cleaner air for Europe 
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10% of forecasts to differ by more than 30%. The DQO is therefore not met for the set 
of data comprising roadside monitoring sites in London.  

6. Quality of previous forecasts 

This note has compared predicted concentrations, from recent national studies, carried out 
using the national PCM model, with actual monitoring data. The studies, carried out for 
Defra, were major studies that were subject to review and were used to inform policy 
decisions. 

Despite the different models reported and the range of scales of the studies: Zone, borough 
and airport, the outcomes are similar: 

• Forecasts of concentrations at the highest recording sites are shown to be over-
optimistic with respect to predicting compliance with EU limit value; 

• Predicted year-on-year decreases in concentrations have not happened; 
• Exceedences of the 40µg/m3 limit value for NO2 as an annual mean stubbornly persist 

at some sites.  At these sites the model under-estimates. 
• The highest under-prediction by PCM modelling (published in 2007 for the future 

year of 2010) was 26µg/m3 (a level that represents 65% of the 40µg/m3  limit value); 
and 

• Model forecasts are sensitive to the input data and default parameters, for instance the 
choice of base year in PCM. Choice of a different base year caused a difference of up 
to 4.5µg/m3 in PCM predictions, corresponding to over 10% of the EU limit value, yet 
the sensitivity to such a choice has not been described in Defra’s 2015 Air Quality 
Plan. 

 

The main conclusions of this report are: 

Overall PCM past and current predictions were found to over-predict the lowest 
concentrations and to under-predict the highest concentrations which reduces 
significantly the confidence that can be attached to the Plan’s predicted dates for 
achieving compliance.  

It has been demonstrated that to increase confidence in forecasts of compliance with the 
40µg/m3 limit value, forecasts of achieving a lower, surrogate level of concentration 
should be used. 

The sensitivity of PCM model predictions to the choice of ‘base year’ has been shown to 
be significant yet the sensitivity to such a choice has not been described in Defra’s 2015 
Air Quality Plan. 

 
 
 
 
 
 
 
                                                 
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0050&from=EN  

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008L0050&from=EN
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A1 Table of data 
 

A1.1 Quality of Previous Model Forecasts 
 

Table A1 shows the data used in Section 4.
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Table A1. PCM Modelled and monitored annual mean NO2 concentrations (µg/m3) used in the analysis at London-wide sites 

  

PCM PCM Monitored PCM PCM Monitored PCM PCM Monitored 
Base Year 2003 2004 2001 2003 2004 2010 2003 2004 2015 
Year Modelled 2001 2001 2001 2010 2010 2010 2020 2020 2020 
Marylebone Rd 86 86 84 72 69 98 63 59 88 
Bloomsbury 65 57 51 56 50 58 53 46 48 
Tower Hamlets 61 62 69 50 49 66 43 42 53 
N Kensington 47 39 41 38 33 37 35 30 32 
Cromwell Road 71 72 76 59 57 n/a 52 49  n/a 
Camden 73 72 66 59 57 82 48 45 61 
Haringey 59 63 48 49 47 45 42 39 40 
Teddington 32 26 29 26 23 24 23 21 19 
Hillingdon 45 31 46 37 26 54 35 23 52 
Bexley 31 27 36 26 23 31 22 20 26 
Eltham 32 29 34 26 24 24 22 21 19 
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Executive Summary 
The total pollutant concentration predicted by modelling is composed of a contribution from 
sources that are modelled explicitly, such as major roads, and a background contribution that 
accounts for all the other sources. The background contribution can be a significant part of 
the total concentration. Several of the annexes to the Air Quality Overview Document look in 
detail at the likely underestimate of future road traffic emissions which will have a clear 
impact on the predicted contribution from road sources. This underestimate of road traffic 
emissions also affects the estimate of background concentration, as one component of the 
background concentration is the minor roads and major roads that are not modelled explicitly. 
This component will also clearly be underestimated if the vehicle emission factors are 
underestimated.  
 
Defra has published two different sources of background NO2 pollutant concentrations for 
future years. These are the background maps published for each 1km square in the UK used 
for Local Air Quality Modelling (referred to as the LAQM background concentrations) and 
those available from the results of the Pollution Climate Mapping (PCM) modelling used by 
Defra for reporting compliance with European air quality limit values (referred to as the PCM 
background concentrations). These two datasets are presented in a different manner; the PCM 
background concentrations are provided for each road link within a 1km grid cell whereas the 
LAQM background concentrations are constant within each 1km grid cell.  
 
A comparison has been made between these two sets of background concentrations and it was 
found that: 
 

• For the year 2013, the PCM values are typically higher than the LAQM values by 
between 0µg/m3 and 6µg/m3; whereas 

• For the year 2025, the PCM values are typically lower than the LAQM values by 
between 0µg/m3 and 4µg/m3. 

 
The magnitude of the difference in surprising given that the PCM values were published in 
2015, just one year after the LAQM background data was published. The magnitude of the 
difference is also very significant compared with the nitrogen dioxide (NO2) annual limit 
value of 40 µg/m3 and indicates great uncertainty about future backgrounds and hence future 
total concentrations and compliance. 
 
In addition, a recent analysis by Air Quality Consultants Ltd has examined the likely future 
trends in NOX emissions based on recent, publicly available vehicle emissions testing 
information. They suggest that background NO2 concentrations in 2025 are likely be higher 
than the LAQM background values. 
 
Combining these two factors would suggest the PCM background concentrations in 2025 in 
the latest version of the UK Air Quality Plan are likely to be between 3µg/m3 and 7µg/m3 too 
low in west London.  This provides further evidence that the predictions in the latest version 
of the UK Air Quality Plan are likely to have underestimated future NO2 concentrations in 
the period 2020 to 2030. 
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1 Background Concentration Data Published by 
Defra  

1.1 Introduction 
Defra publishes two datasets of annual mean concentrations of NO2 for use in local and 
national modelling. There are background maps published for each 1km square in the UK 
used for Local Air Quality Modelling (LAQM), (referred to as the LAQM background 
concentrations) and those available from the results of the Pollution Climate Mapping (PCM) 
modelling used for reporting compliance with European air quality limit values (referred to as 
the PCM background concentrations). The datasets differ in the frequency with which they 
are updated, how they are published and the manner in which the data are presented: the 
PCM background concentrations are provided for each road link within a 1km grid cell 
whereas the LAQM background concentrations are constant within each 1km grid cell. The 
Defra UK-Air web states that datasets are based on the same model results: 
 

“These maps should not be mistaken for the Local Authority-specific maps which are 
alternative maps based on the same model results as presented here but which provide 
source-sector splits and projections to future years by Local Authority to aid the Local 
Air Quality Management process.”1 

 
This note compares the two datasets for NO2 concentration in greater London for the years 
2013 and 2025. Recent work by Air Quality Consultants Ltd on the likely accuracy of the 
Defra LAQM projections for future years has also been considered.  

1.2 Background Data for LAQM 
Defra periodically publishes maps of background concentrations for use in LAQM, for 
instance, in dispersion modelling. These maps have a base year, which is the first year for 
which the maps were created, and projections are made of future background concentrations 
in subsequent years. The latest maps were published in 2014, for a base year of 20112. There 
are maps for each year from 2011 to 2030 inclusive with predicted future background 
concentrations given for each 1km x 1km grid square as illustrated in Figure 1. 
 
 
 
 
 
 
 
 
 
  
                                                 
1 https://uk-air.defra.gov.uk/data/pcm-data  
2 http://laqm.defra.gov.uk/review-and-assessment/tools/background-maps.html  

https://uk-air.defra.gov.uk/data/pcm-data
http://laqm.defra.gov.uk/review-and-assessment/tools/background-maps.html
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Figure 1. Illustration of colour-shading to show different background NO2 concentrations on a 1km x 
1km grid square basis. 

1.3 Background Data Published with PCM Roadside Data 
The PCM model is updated each year and for each road link there is a background 
concentration value and a roadside concentration value. There are two points to note: 
 

• The background concentration varies by road link, so multiple road links in one 1km 
x 1km square can have different background concentrations, as illustrated in Figure 2; 
and 

• The whole PCM data set is not usually published; subsets of the data are supplied as 
needed, but following the publication of Defra’s Air Quality Plan in December 2015 
all the PCM 2015 data was published3. 

 
 
 
 
 
 
 
 
 
 
 
     |-------------1km---------------| 
 
Figure 2. Illustration of multiple PCM road links lying within a 1km x 1km grid square 
 
                                                 
3 https://uk-air.defra.gov.uk/library/no2ten/2015-no2-projections-from-2013-data  

Link 
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https://uk-air.defra.gov.uk/library/no2ten/2015-no2-projections-from-2013-data
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1.4 Comparison of Background Data  
A comparison between the Defra LAQM gridded backgrounds and the PCM model link-
specific backgrounds for the Greater London area in 2013 and 2025 has been undertaken. As 
the PCM data are per road link and the Defra data are per grid square, the comparison is per 
road link. The LAQM gridded value for a particular grid square may, therefore, occur 
multiple times in the comparison if that square contains multiple road links. 
 
The scatter plots, Figure 3, compare the background NO2 concentrations for 2013 and 2025. 
There are so many data points in each scatter plot it is hard to see the detail, but it can be seen 
that both the LAQM and PCM data predict a reduction in background concentrations between 
2013 and 2025 (as the blue dots shift down the x and y axes towards lower concentrations). 
 

  

 
Figure 3. Scatter plot comparison of PCM and LAQM background NO2 concentrations for 2013 and 
2025 
 
 
The difference between the LAQM and PCM concentrations has been calculated and each set 
of differences has been sorted from highest to lowest. The plots, Figure 4, of the sorted 
differences show: 

• The magnitude of the difference (both positive and negative) is greater for the 2013 
values than the 2025 values. This is not unexpected as the 2013 values are greater and 
so the same proportional difference would give a larger value; and 

• For the year 2013 most PCM values are higher than the LAQM values, but for the 
year 2025 most PCM values are lower than the LAQM values. 
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Figure 4. Plot of sorted difference (LAQM minus PCM) background NO2 concentrations for 2013 
and 2025 
 
The bar charts show the same information as the plots above but with the difference values in 
“bins” of 1µg/m3 or 2µg/m3.  In 2013 the PCM values are typically higher than the LAQM 
values by between 0µg/m3 and 6µg/m3. In 2025 the PCM values are typically lower than the 
LAQM values by between 0µg/m3 and 4µg/m3. 
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Figure 5. Plot of binned difference (LAQM minus PCM) background NO2 concentrations for 2013 
and 2025 

1.5 Latest Advice on Background Concentrations  
Air Quality Consultants Ltd (AQC) recently published their proposals on the treatment of 
future vehicle emissions and future background concentrations4. While they predict that 
background concentrations will reduce with time, the reduction is not expected to be as great 
as formerly predicted and so rather than future backgrounds being lower than the LAQM 
gridded values, they should be higher. Their example for a location in Chiswick, Greater 
London, reproduced as Figure 6, suggests that background NO2 concentrations should be 
15% higher than the LAQM values (i.e. 3µg/m3). 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
4 Air Quality Consultants Ltd., Deriving Background Concentrations of NOx and NO2, January 2016, 
http://www.aqconsultants.co.uk/getattachment/Resources/Download-Reports/Deriving-Background-
Concentrations-of-NOx-and-NO2.pdf.aspx 
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Figure 6. Figure 11 from the AQC report4, illustrating the recommended uplift in background 
concentrations for a location in Chiswick, Greater London 
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2 Conclusion 
The total pollutant concentration predicted by modelling is composed of a contribution from 
sources that are modelled explicitly, such as major roads, and a background contribution that 
accounts for all the other sources. The background contribution can be a significant part of 
the total concentration. Several of the annexes to the Air Quality Overview Document look in 
detail at the likely underestimate of future road traffic emissions which will have a clear 
impact on the predicted contribution from road sources. This underestimate of road traffic 
emissions also affects the estimate of background concentration, as one component of the 
background concentration is the minor roads and major roads that are not modelled explicitly. 
This component will also clearly be underestimated if the vehicle emission factors are 
underestimated.  
 
Defra has published two different sources of background pollutant concentrations. These are 
the background maps published for each 1km square in the UK used for LAQM and those 
available from the results of the PCM modelling used by Defra for reporting compliance with 
European air quality limit values. Although the two datasets are presented in a different 
manner, the PCM background concentrations are provided for each road link within a 1km 
grid cell whereas the LAQM background concentrations are constant within each 1km grid 
cell, where they can be directly compared, it has been found that the LAQM values are 
typically higher than the PCM values by between 0µg/m3 and 4µg/m3 for the year 2025.  
 
The magnitude of the difference in surprising given that the PCM values were published in 
2015, just one year after the LAQM background data was published. The magnitude of the 
difference is also very significant compared with the NO2 annual limit value of 40 µg/m3 and 
indicates great uncertainty about future backgrounds and hence future total concentrations 
and compliance. 
 
In addition, a recent analysis by Air Quality Consultants Ltd suggests that the LAQM 
background concentrations are likely to have been underestimated as their analysis suggests 
that emission from vehicles will not decrease as quickly as expected. Following their worked 
example for a nominal location, it has been estimated that for a site in west London in 2025, 
the LAQM background NO2 value for 2025 should be increased by 15%, or 3µg/m3. 
 
Combining these two factors would suggest the PCM background concentrations in 2025 in 
the latest version of the UK Air Quality Plan are likely to be between 3µg/m3 and 7µg/m3 too 
low in west London. This provides further evidence that the predictions in the latest version 
of the UK Air Quality Plan are likely to have underestimated future NO2 concentrations in 
the period 2020 to 2030.    
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EXECUTIVE SUMMARY 

GAL has requested ADM Ltd to examine historical ambient air quality data in and around 
London Heathrow Airport and compare it to predicted concentrations in order to determine 
any trends.  
 
Modelling of emissions to predict future ambient air concentrations have been undertaken for 
a variety of reasons by various bodies including central government and the London Borough 
of Hillingdon. This report has compared actual monitoring data with the predicted 
concentrations from two modelling studies: one used ADMS-Urban to model the area around 
London Heathrow Airport; the second used screening models for the London Borough of 
Hillingdon area.   
 
The conclusions are similar for both comparisons: 
 
• The models under-predict concentrations in many cases, notably when the air quality is 

above the EU limit value (annual mean of 40µg/m3).  
 

• Forecasts of concentrations at the highest recording sites have been shown to be 
optimistic with respect to predicting compliance with EU limit value. 

 
• The predicted year-on-year decrease in concentrations has not occurred. 
 
Model predictions of then-future NO2 annual mean concentrations in the West London area, 
and predictions of compliance with the 40µg/m3 limit value, have been found to be optimistic 
when compared with actual monitoring data.  
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 INTRODUCTION 

 BACKGROUND AND SCOPE 

Ambient air quality has been measured at many locations around Heathrow Airport for many 
years. Modelling of emissions to predict future ambient air concentrations have been 
undertaken for a variety of reasons by various bodies including central government and the 
London Borough of Hillingdon. It is possible to compare past predictions of future air quality 
with monitored concentrations to determine how well the models performed in estimating the 
future.  
 
Gatwick Airport Ltd (GAL) has requested ADM Ltd to examine historical ambient air quality 
data in and around London Heathrow Airport and compare it to predicted concentrations from 
recent studies in order to determine any trends that may be apparent. 
 
Ove Arup and Partners Ltd (ARUP) has prepared a full report (Ove Arup and Partners Ltd 
(March 2016) Air Quality in the UK - The PCM Model and Modelling Uncertainty) comparing a 
number of studies. ADM’s work is confined to examination of: 
 

• the ADMS-Urban forecasts undertaken for the Department for Transport (DfT) as part 
of the Project for the Sustainable Development of Heathrow, published in 20071; and 
• screening model forecasts for sites in the London Borough of Hillingdon2,3. 

 
 METHODOLOGY 

Monitoring station data for various years from 2002 onwards and for various stations around 
Heathrow Airport were extracted and compared to modelling predictions from these past 
studies. Modelling predictions were sometimes presented in contour format (rather than 
predictions for the exact locations), necessitating some interpolation of results to extract the 
predicted concentrations for a particular location.   
 

 
1 Air Quality Studies for Heathrow: Base Case, Segregated Mode, Mixed Mode and Third Runway Scenarios modelled using ADMS-Airport 
(2007). Department for Transport Publications, Product Code 78APD02904CERC 

 
2 London Borough of Hillingdon USA 2006 

3 London Borough of Hillingdon Progress Report 2011 



 

ADM LTD   COMPARISON OF AQ MONITORING AND MODELLING IN WEST LONDON (MARCH, 2016) 

3 

 RESULTS 

 PROJECT FOR THE SUSTAINABLE DEVELOPMENT OF HEATHROW 

The Project for the Sustainable Development of Heathrow modelling on behalf of the 
Department for Transport (DfT), published in 2007, included forecasts for various future 
airport expansion scenarios, and for future scenarios with no change to the airport capacity 
and operation. Using the ADMS-Urban model it calculated concentrations at sites around 
Heathrow Airport for 2002 (past year), 2010 and 2015. 
 
Figure 1 compares the ADMS-Urban model predictions for 2002 (past year), 2010 and 2015 
with monitoring data. The data from which this graphic was created is presented in Table 2.  
Another way to present the data is shown in Table 1. 
 
Table 1 Comparison of ADMS-Urban Modelled Concentrations at Monitoring 
Stations near Heathrow for 2002 (past year), 2010 and 2015, with Monitored 
Concentrations for the Same Years 

 
 
Key findings are: 
i) The predicted year-on-year decrease in concentrations has not occurred. 
ii) For the sites recording the lowest concentrations in 2002 (around 40 µg/m3 and below), 

concentrations decreased with time, but in this case the model over-estimated for some 
sites but under-estimated at other sites. 

iii) For those monitoring sites recording the highest concentrations in 2002 (over 40  µg/m3), 
model forecasts for future years under-estimated concentrations by up to 40% of the air 
quality objective: 

a. 14 µg/m3 in 2010, and 
b. 16 µg/m3 in 2015 

iv) For those monitoring sites recording the highest concentrations in 2002 (over 40 µg/m3), 
concentrations remained over 40 µg/m3 in 2010 and in 2015. 
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Figure 1: Comparison of ADMS-Urban Modelled Concentrations at Monitoring Stations near Heathrow for 2002 (past year), 2010 and 
2015, with Monitored Concentrations for the Same Years 
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Table 2: Comparison of ADMS-Urban Modelled Concentrations at Monitoring Stations near Heathrow for 2002 (past year), 2010 and 
2015, with Monitored Concentrations for the Same Years 

Receptor 
ID Receptor name 

2002 
Modelled 

2002 
Monitored 

2010 
Modelled 

2010 
Monitored 

2015 
Modelled 

2015 
Monitored 

LHR2 Heathrow LHR2 47.7 52.1 45.7 49.6 42.6 44.3 
LHR4 London Hillingdon Oxford Avenue(a) 39.8 39.0 36.9 39.7 34.6 33.9 
LHR5 Hounslow Cranford(b) 36.0 43.4 32.5 31.0 30.1 27.9 
LHR6 Teddington 28.3 25.5 24.2 24.0 22.2 19.1 
LHR7 Hounslow Hatton Cross 36.7 No data 32.7 38.4 30.5 29.7 
LHR8 Heathrow Oaks Road 31.5 32.1 28.9 37.1 26.9 27.4 
LHR10 DfT site at M25 58.3 39.3 49.9 No data 43.6 No data 
LHR11 LHR11 35.5 35.9 33.0 No data 30.1 No data 
LHR14 Slough Colnbrook  34.4 36.3 30.0 29.5 27.1 28.6 
LHR15 Heathrow Green Gates 34.0 32.4 31.0 41.2 28.2 32.2 
LHR16 London Hillingdon 47.3 45.3 40.5 53.6 36.0 51.9 
LHR18 London Harlington(a)  38.3 40.7 35.3 34.5 32.9 31.9 
LHR20  Hillingdon Hayes(a)   42.9 53.5 40.1 53.6 37.6 46.7 
HD60 London Hillingdon Harmondsworth(a) 34.1 33.4 30.5 31.0 27.6 28.0 

(a) 2002 monitoring data is an estimated value 
(b) 2010 monitoring data is an estimated value 
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 SCREENING MODEL FORECASTS FOR THE LONDON BOROUGH OF HILLINGDON 

In the Updated and Screening Assessment (USA) Progress Report (London 
Borough of Hillingdon (2006), screening models were used to forecast 
concentrations at 23 sites across the Borough for 2010. Figure 2 and Table 3 
compare model predictions and monitored data for 23 continuous and passive 
NO2 monitoring stations in Hillingdon. The predictions were made using 
screening models, following Defra’s technical guidance (Local Air Quality 
Management – Technical Guidance LAQM.TG(03), Defra 2003). Screening 
models are intended as quick estimates, not requiring detailed input data. 
They are also meant to generate conservative (pessimistic) predictions to 
ensure that screening modelling leads to more detailed work when more 
accuracy and precision is required to determine compliance. 
 
Key findings of the comparison of modelled and monitored concentrations in 
Hillingdon are: 
 
i) The screening model consistently under-predicted, with under-

predictions at 22 sites out of 23. 
ii) The average under-prediction was just over 10% (4.2 µg/m3) of the air 

quality objective (40 µg/m3). 
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Figure 2: Comparison of Modelled Concentrations (Screening Model) and Monitored Concentrations at Monitoring Stations in the 
London Borough of Hillingdon for 2010 
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Table 3 Comparison of Modelled Concentrations (Screening Model) and 
Monitored Concentrations at Monitoring Stations in the London Borough 
of Hillingdon for 2010 

Receptor Name 
2010 (µg/m3) 

Modelled  Monitored 
83 Hayes End Drive 25.6 27.0 
Uxbridge Day Nursery  36.4 49.7 
Citizens Advice Bureau  27.5 27.8 
Hillingdon Primary School  31.0 34.3 
4 Colham Avenue  29.3 34.2 
101 Cowley Mill Road 35.2 36.2 
Warren Road   37.4 41.0 
Harold Avenue   35.0 40.2 
15 Phelps Way  31.9 35.8 
25 Cranford Lane  33.5 38.4 
Brendan Close   36.8 39.8 
7 Bomber Close  31.5 33.8 
Harmondsworth Green   28.7 31.1 
Heathrow Close   32.3 37.3 
1 North Hyde Gardens, Hayes 35.4 39.0 
370 Sipson Road, Sipson 29.8 24.2 
34 Hatch Lane, Sipson 29.5 32.6 
28 Pinglestone Close, Sipson 27.1 32.4 
486 Sipson Road, Sipson 28.5 33.7 
Hillingdon Hospital 31.7 36.0 
South Ruislip 37.9 46.9 
Harlington (AURN site) 32.9 34.0 
Heathrow Airport 42.8 49.6 

 
Key: 
Model underpredicts and AQ is above 40µg/m3 
Model underpredicts and AQ is below 40µg/m3 
Model overpredicts and AQ is below 40µg/m3 
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 SUMMARY AND CONCLUSIONS 

GAL has requested ADM Ltd to examine historical ambient air quality data in 
and around London Heathrow Airport and compare it to predicted 
concentrations in order to determine any trends. 
 
This report has compared actual monitoring data with the predicted 
concentrations from modelling studies using ADMS-Urban and screening 
models used by the London Borough of Hillingdon.  Two modelling studies in 
West London have been examined: 

• ADMS-Urban forecasts for 2002 (past year), 2010 and 2015 undertaken 
for the Department for Transport (DfT) as part of the Project for the 
Sustainable Development of Heathrow, published in 2007; and 

• Screening model forecasts for sites across the London Borough of 
Hillingdon for 2010, published in 2006. 

From each report, the performance of the model in making predictions of 
future year NO2 concentrations has been assessed. 
 
The conclusions are similar for both comparisons. 
 
• The models under-predict concentrations in many cases, notably when the 

air quality is above the EU limit value (annual mean of 40µg/m3).  
 

• Forecasts of concentrations at the highest recording sites have been shown 
to be optimistic with respect to predicting compliance with EU limit value. 

 
• The predicted year-on-year decrease in concentrations has not occurred. 
 
Model predictions of then-future NO2 annual mean concentrations in the West 
London area, and predictions of compliance with the 40µg/m3 limit value, have 
been found to be optimistic when compared with actual monitoring data.  
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 Summary 

Gatwick Airport Ltd. commissioned TNO to undertake a review of the UK 

Government’s Air Quality Plan - ‘Improving Air Quality in the UK – Tackling nitrogen 

dioxide concentrations in our towns and cities’. TNO was specifically asked to 

advise on the underlying assumptions on vehicle NOx emissions, which are 

fundamental to robust and realistic predictions of future levels of NO2.  Four 

aspects were investigated, the reliability of COPERT emission factors, new 

European legislation; in particular RDE, the effects of urban congestion, and the 

possible effects new technology. 

 

TNO 

TNO is the largest research institute in the Netherlands. TNO advises the 

Government of the Netherlands on vehicle emissions data used in the modelling of 

air quality for the Dutch Air Quality Plan. Moreover, TNO assists the Government 

with technical input to the European Commission on the development of vehicle 

emission legislation. TNO collaborates internationally with numerous institutes 

which perform vehicle emissions testing and prepare modelling emission factors for 

use in air quality plans across Europe. 

 

TNO is particularly well placed to share the latest insight into trends in vehicle 

emissions, and in estimates regarding the emissions performance of current and 

future vehicle engine technology.  

 

COPERT emission factors 

The assumptions about vehicle emissions in the predictions in the UK Air Quality 

Plan rely on emission factors from COPERT. COPERT is the most commonly used 

vehicle emission model in Europe. While COPERT strives to be up to date, it relies 

on the availability of test data for new legislative vehicle classes. The version of 

COPERT used in the UK Air Quality Plan’s predictions is V4.11 – which relies on 

vehicle test data that were available in the summer of 2013, prior to the introduction 

of Euro-6 a year later.  

 

The Netherlands uses an emissions database and model called VERSIT+ in its Air 

Quality Plan. VERSIT+ is based on actual emissions from thousands of vehicle and 

engine measurements, which is updated annually to improve the reliability and 

accuracy of predictions. However, even with the most recent test data from vehicles 

available in spring 2015, which underpin the 2016 update in the Netherlands, the 

picture of emission performance for Euro-6 vehicles is as yet incomplete. Not before 

2017 is it expected that the performance of Euro-6/VI diesel vehicles, likely to be 

dominant for NOx emissions around 2022, will be known with reasonable certainty. 

 

The emission factors in COPERT v4.11 are based on very preliminary estimates of 

the emissions from Euro-6 vehicles carried out on a handful of high end models 

tested up to 2013. Since 2013 new measurements reveal that the Euro-6 (light duty) 

and Euro-VI (heavy-duty) factors in COPERT v4.11 are far too optimistic (by 

approximately 50% for light duty and 30 to 50% for heavy duty vehicles in urban 

and congested conditions). It is very likely that when COPERT is next updated the 

emission factors for several vehicle categories will be significantly increased (as 
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 they have been in VERSIT+ in March 2016). This will be particularly important for 

predictions of urban emissions in the years to come. 

 

Since autumn 2015, the main influx of Euro-6 cars started across mainstream and 

lower end vehicles, which tend to have higher emissions. Going forwards, therefore, 

the average emissions expressed in the emission factors are expected to increase 

even further. Further updates of Euro-6 emission factors are to be expected as 

COPERT is updated with more extensive data on vehicle emissions across the full 

range of vehicles. 

 

In addition, COPERT emission factors used in the air quality model are related to 

average vehicle speeds, so no separate COPERT emission factors are available for 

specific traffic conditions such as free flow or congestion. Actual driving conditions 

and behaviour can vary greatly for the same average velocity, leading to substantial 

variations in emissions, for example in stop-start conditions, starting from cold, or 

under heavy acceleration. As a result, it is not known how and to what extent 

congestion is taken into account in the UK Air Quality Model. If this is not taken into 

account COPERT will underestimate the vehicle emissions.. 

 

Improvement of Euro 6 standard  

Two further emission standards are to be implemented between 2017 to 2021. The 

first step, the new laboratory test procedure called the WLTP, will bring very little to 

improve the real-world NOx performance of vehicles, as official laboratory tests 

bear little relation to on-road performance.  

 

A second new emission standard, the Real Driving Emission (RDE) standard, will 

come into operation gradually between 2017 and 2021. This new standard will be 

based on emissions tests from vehicles in ‘real’ on-road driving conditions. It is 

hoped that this will bring improvements in air quality where previous standards have 

failed to live up to expectations. It is very likely that vehicles meeting the RDE 

standards will only be introduced in large numbers from late 2019, however The 

2017 date will only bring a few early adopters if a grant scheme makes it beneficial 

for the manufacturers. This is not currently foreseen however. 

 

Accordingly, the benefits of this new RDE standard will not start to be known with 

any real confidence until into the early 2020s as new vehicles enter the mainstream 

market. Even assuming these vehicles do bring about improvements in air quality, 

the time it takes for the vehicle fleet to turn over means that the full benefits will not 

be realised until around 2030, because older cars will be dominant for emissions in 

the fleet until 2028 and still be in the fleet beyond 2030.  

 

There are also a range of other questions and uncertainties about how effective the 

RDE standard will prove to be in practice both generally and in particular driving 

conditions and circumstances, as set out below.  

 

The current RDE standard has a separate test evaluation for urban driving. It is very 

likely that this will be central to the RDE benefits for urban air quality. The emissions 

in London driving conditions have been considered in a separate report prepared by 

Emissions Analytics which notes that vehicles satisfying this future legislation do not 

exist yet and therefore cannot be tested.  
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 The new and complex emission control technology used in current Euro-6 vehicles, 

and in oncoming Euro-6 RDE vehicles, have unknown deterioration and failure 

rates, which may lead to substantial increases in emissions over time. Maintaining 

vehicle emission control technology during the full lifespan of the vehicle up to the 

high standard of the type-approval regulation is not fully safeguarded. 

 

Effects on air quality plans 

The UK Air Quality Plan uses a Pollution Climate Mapping model to predict levels of 

NO2 for 2020, 2025 and 2030 in a ‘Baseline’ scenario (without the benefit of new 

measures contained in the Plan) and in a ‘Plan Scenario’ (which takes into account 

measures in the Air Quality Plan, including in the case of Greater London modelled 

benefits of the oncoming Euro 6 RDE standard). It is unclear, however, what these 

assumptions are. Assumptions made in the Plan about the emissions performance 

of vehicles currently entering the market, and vehicles which do not exist yet, are 

central to the accuracy and robustness of the air quality modelling. In contrast to the 

Dutch Air Quality Plan, where the input and output data are published, and the 

model is freely available, it is impossible for others to repeat the UK modelling and 

there is limited transparency of the approach that underpins the UK Air Quality Plan. 

 

Regardless of the assumptions, the introduction date of RDE legislation means that 

it is likely that the benefits will be seen too late to improve air quality significantly 

prior to 2025, including in London. It is difficult therefore to accept that compliance 

will be brought forward to 2025 in London as is predicted. 

 

In Summary 

 COPERT vehicle emission factors used in the UK Air Quality Plan’s modelling for 

Euro 6 / VI vehicles, which will form the bulk of vehicles on road in the plan period 

at least until 2025, date back to data from 2013. They are likely to be too low (TNO 

current estimates are 30% to 50% higher for urban conditions) and we would expect 

to see the next iteration of COPERT revise emission factors upwards. Further 

upward revisions may occur as further data is gathered as the main influx of Euro 6 

cars have recently entered the fleet. 

 There are many uncertainties about the benefits of the new RDE standard, but in 

any event the true benefits will not be known with confidence until the early 2020s. 

The time it takes for the vehicle fleet to turn over to vehicles meeting the RDE 

requirements will not be realised fully until after 2030. Therefore it is unlikely these 

Euro 6 RDE vehicles will improve air quality materially until the mid 2020s at the 

earliest. 

 Emissions under congested urban driving conditions can be as high as 

approximately 8 times the type approval limit value on average. Underestimating 

the level of congestion will result in a significant underestimation of the levels of 

vehicle emissions (NOx) and will result in a far too optimistic air quality modelling 

result (NO2 concentration). 

 With complex vehicle technology, emission testing of these vehicles also has to 

evolve. The RDE protocol has been developed for this purpose, but its 

representativeness for on-road conditions remains unclear. At the moment on-road 

testing cannot provide better than ±30% accuracy in the emissions for a given trip, 

with most uncertainties being systematic and not removed by repeating the tests.  

 The predictions in the UK Air Quality Plan that all zones except London will meet 

the limit values by 2020 and London will be compliant by 2025 looks distinctly 
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 optimistic, as there will be only limited benefit from technology improvements before 

2025. 

 Based on the current NO2 concentration levels, it is not expected that the whole of 

London would in fact be compliant until post 2030, without more drastic measures 

affecting the emission source; i.e. the vehicles on London’s roads. This will be 

difficult in London as a whole and even more difficult in the area around Heathrow 

Airport, where the airport itself makes an important contribution to local NO2 

concentrations. 
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 1 Introduction 

Gatwick Airport Ltd. Commissioned TNO to undertake a review of the UK 

Government’s Air Quality Plan - ‘Improving Air Quality in the UK – Tackling nitrogen 

dioxide concentrations in our towns and cities’. TNO was specifically asked to 

advise on the underlying assumptions on vehicle NOx emissions which are 

fundamental to robust and realistic predictions of future levels of NO2. 

 

The UK Air Quality Plan itself does not provide much information on the underlying 

details, and only a short reference to COPERT emission factors is made. Based on 

the version of COPERT in the Plan, it is clear that somewhat outdated results are 

used in the UK Air Quality Plan, and that the underlying emission factors are in 

need of update. The maintainers of COPERT, like most emission factors 

maintainers in Europe, are in the process of updating the results. The situation for 

the Netherlands is used to compare with the UK, because with an annual Dutch 

published update this process is a forerunner to expected changes in COPERT 

emission factors.  

 

TNO provides and advises on vehicle emissions data that is used by the 

Government of the Netherlands in the modelling of air quality for the Dutch Air 

Quality Plan. Moreover, TNO assists the Dutch Government with technical input for 

Brussels where European vehicle emission legislation is developed and decided. 

TNO also collaborates internationally with numerous institutes which undertake 

vehicle emissions testing and prepare modelling emission factors for use in air 

quality plans across Europe. 

 

The evidence of the higher NOx emissions on real-world vehicle tests than shown 

by the official type-approval tests predates on-road testing, RDE, and PEMS. As 

early as two decades ago engines were optimized and vehicles performed well on 

the type-approval tests, whereas in other circumstances emissions were much 

higher. Around 2005 the first signs started to appear that vehicle emission 

legislation was not bringing what could be expected on the basis of the successive 

tightening of the emission limits. Also the UK, like other European countries, 

reported limited NO2 air quality reductions in the past. This was the background 

which led to the RDE legislation which is now frequently discussed as the magic 

bullet to solve all air quality problems. The first step towards this RDE legislation, 

which makes on-road emission testing compulsory, was taken in 2011, but 

legislation will not be introduced until 2017 for less strict limits on new vehicle 

models and 2021 for stricter emission limits on all new vehicles. 

 

It takes typically ten to fifteen years from the development of the initial plans for new 

vehicle emission legislation to reach a definitive understanding of the real-world 

emissions performance of vehicles covered by the legislation. Early on in the 

process estimates are made for the effect on air quality, based on an outline of what 

the legislation is intended to achieve. The first estimates of reductions are based on 

the emission limits, but over time as vehicles enter the fleet more information 

becomes available to update the emission factors for each legislative class. A 

generic outline of this process is set out in Table 1.  
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 Table 1 The typical time-scale of current and future legislation. A major drawback of RDE 

legislation is the two year transition period compared with the normal transition period 

of one year (“year 0”, i.e., standard for new vehicle models and “year 1” for all models 

in the table).  

  

Note: In the time schedule above, the first year when all new vehicle models have 

to comply with new emission legislation is called here “year zero”. Typically, the 

development of new legislation starts 10 years before this introduction year.  

 

Persistent NO2 air quality problems have been understood for a long time. 

Moreover, it is also known that diesel vehicles are the main cause of this problem 

and that vehicle emission legislation since 1992 has done very little to alleviate it. 

The UK Air Quality Plan must be judged in this light. Based on the fact that NOx 

emissions of diesel passenger cars and diesel vans have hardly decreased over the 

last 25 years, it is uncertain if problems will be solved within the next five to ten 

years. Even RDE legislation may fail to bring the proper improvement of “real world” 

vehicle emissions, unless independent control or in-use compliance is organised. 

Without this independent control, manufacturer’s test results will have to be taken at 

face value, which may lead to the exploitation of the freedom in the RDE test to 

achieve low type-approval emissions. This part is still to be worked out in the RDE 

legislation. 

 

This all means that making predictions of vehicle emissions is very difficult. As a 

rule of thumb it was assumed from Euro-4 (2005) onward that real-world emissions 

would decrease in the same ratio as the successive legislative emission limits 

decreased. This has not been the case for NOx emissions for diesel passenger 

cars. From Euro-4 onwards the preliminary estimates of the emission factors have 

always turned out to be too low, and within one or two years of the introduction of a 

new standard, the emission factors flatten out at the 0.5-0.7 g/km levels achieved 

by Euro-2. It is too early to tell whether this will be the case for Euro-6. High hopes 

for light-duty RDE legislation are based on the first generation of extremely well 

performing heavy duty Euro-VI trucks, with emission well below the legal limit. 

However, this should not lure one into a false sense of security regarding similar 

light-duty legislation. 

 

year vehicle legislation air quality effect current stage spring 2016

-10 general layout for future vehicle standard, 

mandate to the Commission to develop 

legislation

not taken into account in emission 

inventories and air quality models

Euro-7 legislation?

-5 legislation text is finished to an extent 

manufacturers can use it in their 

development cycle

first estimate of emission factor 

based on the tightening of the 

legal emission limit

WLTP legislation and RDE 

legislation 

-2 the first vehicle complying with the new 

legislation are type-approved

first testing of vehicles; a 

preliminary emission factor based 

on initial measurements

COPERT Euro-6/Euro-VI 

emission factors

0 the new models have to comply, which is 

usually about half the new sales

subsequent testing may result in 

an update of the emission factors

VERSIT+ Euro-6/Euro-VI 

emission factors

1 all models have to comply these usually 

comprises the big sales volumes which 

typically have significantly higher emissions

conclusive emission factors Euro-5 emission factors

2 back sales of stock no effect expected

5 deterioration sets in effect is poorly known: few 

measurements, some remote 

sensing data

Euro-1 and Euro-2 

updated
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 Consequently, any prediction of vehicle performance on the road based on either a 

few early compliant vehicles, or oncoming legislation must be treated with caution. 

Normally, the early compliant vehicles are not the standard of what all subsequent 

vehicles will do (see below), nor can we only rely on the fact that the legislation is 

effective to establish a reduction in real-world emissions. 

 

The very first measurements on Euro-6 vehicles (“pre-Euro-6” in Figure 2) in 2010 

suggested that low real-world NOx emissions would be achieved in practice. 

However, these vehicles turned out not to be representative of the Euro-6 vehicles 

which followed a few years later. Based on the later Euro-6 vehicles, in 2013, the 

risk of an even further emission increase was incorporated into the Dutch emission 

factors used from 2014 onwards. The Type Approval limit is exceeded for urban, 

rural, and motorway driving, by a factor of approximately 3 to 6. 

 

Figure 1 The 2016 Dutch NOx emission factors of diesel passenger cars from the oldest 

vehicles (“pre Euro” prior to 1992), to the impending RDE from 1-9-2019. The emission 

limits have dropped significantly from Euro-4 but emission factors remain stubbornly 

above type approval limits. 

Figure 2 briefly shows the effects of the updates of the Dutch NOx emission factors. 

With an increasing number of Euro-6 vehicles available and tested the emission 

factors have been adjusted upward, year by year. Urban NOx emission factors have 

increased significantly with the latest update in 2016. This clearly shows the 

influence of the latest insight in the performance of current mainstream Euro 6 

vehicles. Further adjustments are expected in 2017. 
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Figure 2 The year-by-year changes in Euro-6 emission factors from the initial estimates in 2009 

based on the emission limit of 0.08 g/km, through some well-performing vehicles (“pre 

Euro-6”) tested in 2009-2010, subsequent testing of a few available vehicles, on to a 

larger set of Euro-6 vehicles tested in 2014-2015. 

 

In the context of the UK Air Quality Plan, these most recent test results indicate 

clearly that trajectories based on the early Euro 6 tests are not reliable. 

 

The rest of this report is structured as follows:  

- The European vehicle emissions legislation aimed at reducing real-world 

emissions is discussed in Chapter 3. 

- The emission testing across Europe for the determination of emission 

factors underlying the European air quality models is given in Chapter 4. 

- The emission modelling needed to convert these emission measurements 

to the standardized emission factors is set out in Chapter 5. 

- The further uncertainties in the determination of average vehicle emissions 

for future years are given in Chapter 6. 

- Additionally, the experiences with a similar Air Quality Plan in the 

Netherlands is given in Chapter 7. 

- Conclusions are drawn together in Chapter 8. 
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 2 Background 

NO2 air quality problems, usually interpreted as the failure to remain below the 

European concentration limits, are to a large extent caused by tailpipe NOx 

emissions of road vehicles.  

 

The cause of current and future high NO2 ambient concentrations lies mainly in the 

NOx emissions performance of diesel vehicles. Despite tighter regulations, the real-

world, or on road, NOx emissions have not decreased significantly since 1992. In 

some cases new vehicles, such as diesel passenger cars complying with Euro-5 

legislation compulsory from 2009, are actually associated with an increase in 

average real-world emissions, compared with the previous legislative class; Euro-4. 

These results were confirmed by several test laboratories in Europe. The 

indications for Euro-6 are similarly not positive overall. 

 

The recent scandal of Volkswagen has raised public awareness of the disparity 

between type approval tests and emissions in real driving conditions. In practice, 

the gap between type approval results and emission performance under real world 

conditions has been known and investigated for many years in order to derive 

realistic emission factors for emission inventory purposes.  

 

Since September 2015, the Euro-6 standard has been compulsory for passenger 

cars. A year before, in September 2014, similar Euro-VI legislation became 

compulsory for heavy-goods vehicles. In September 2016 Euro-6 legislation will be 

compulsory for large light commercial vehicles. Thus, at the moment a transition is 

taking place. Another two transitions are planned in the near future.  

- The first transition is the new test protocol, the WLTP in 2017. 

- The second transition is the on-road testing of emissions for vehicle 

legislation, the RDE in the period 2017 to 2021. 

 

This means that the main vehicles which will be dominant for emissions in 2020 

(Euro 6/ IV) have only just entered the market, whilst the vehicles which will be 

important for air quality in 2025 and beyond do not exist yet. 

 

Estimates for the emissions for vehicles which only now enter the market in large 

numbers are dated. Typically, measurements are collected one to two years before 

the emission factors are updated in the air quality models. In the Netherlands the 

source data of air quality models is updated and published annually, such that the 

air quality models are about one year behind the latest measurements of the latest 

vehicle models. The other sources of emission factors in Europe, HBEFA and 

COPERT, rely normally on a three year cycle of updates such that the emission 

factors trail behind the latest insight on the basis of emission measurements. 

Generally, this was not considered a problem, because only in three to four years’ 

time will the effect of the influx of new vehicles become important for local air 

quality. It takes a couple of years for new vehicles to penetrate the market, after 

which these vehicles are the dominant category of emissions for about five years, 

after which a slow out flux and a reduced mileage slowly decreases their 

significance for both total and average emissions. However, predictions of emission 

factors in 10 or even 15 years from now rely heavily on the quality of the emission 

factors of the latest and near term future vehicles. These vehicles will dominate the 
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 vehicle fleet and therefore the average vehicle fleet emissions in 10 to 15 years 

from now. 

 

Solving a substantial problem of high NO2 concentrations in a five to ten years time 

horizon requires new vehicles, designed to satisfy new emission legislation, to be 

considered. The few Euro 6 vehicles available for testing in 2013 are a poor proxy 

for the current influx, and, moreover, they have little bearing on the future influx. 

The uncertainty in predictions is therefore large. The interplay between wide 

variation in vehicle categories, available emission control technologies, as well as 

aspects of the legislation, is complex.  

 

Greater London air quality 

On a European scale, air quality problems in Greater London appear to be very 

large. The NO2 concentrations are among the highest in Europe. Despite this the 

UK Air Quality Plan predicts that the Greater London air quality problem will be 

solved by 2025. In the Netherlands, by comparison, a similar Air Quality Plan 

(“Nationaal Samenwerkingsverband Luchtkwaliteit”) was set up in 2008, to satisfy 

European air quality limits by 2015. The year 2015 came and went, and the 

Netherlands does not fully comply with the air quality requirements as yet, despite 

the major efforts over the years from all parties involved; central government all the 

way down to local government. Reducing the NO2 concentration by a few 

microgram per cubic metre requires already many drastic measures. The required 

reduction for Greater London to comply with European air-quality limits, is a much 

more difficult task by comparison. Moreover, the target seems elusive, with the 

lowering of European vehicle emission limits repeatedly failing to bring actual 

reduction of on-road vehicle NOx emissions. 

 

Given that the Netherlands has a much lower share of diesel passenger cars than 

the United Kingdom, the optimism of the UK Air Quality Plan to meet targets within 

a few years, starting from a very high baseline, is very ambitious..  

 

For the realistic prediction of real-world emission performance up to date testing 

and reporting is needed. Instead, is testing is very limited in the UK and France, the 

lack of reporting of recent testing in Germany, Switzerland, and Sweden, means 

that people are looking for alternative sources for the little information that is 

available from the Netherlands, Austria, and Greece on the real-world emission 

performance of  the latest vehicle models. Commercial parties, not all with thorough 

validation and robust research to underpin the results, especially when it comes to 

remote emission testing, and the USA with different vehicle legislation, are now the 

alternative source of real-world emission information.  

 

For the layman, emissions of vehicles are a simple number in g/km:- the quality of 

the data, the representativeness of the test, or the vehicle technology beyond the 

fuel and the vehicle model, are not taken into consideration. In practice, effects of a 

factor of two or more can be expected from these variations, and it is therefore 

essential to test or normalize to the representative traffic situation and vehicle 

usage. Even most of the test data from the European Commission laboratory, JRC, 

cannot be considered representative by common standards, with a large variation in 

trips, with many mountainous ones, as understood by the experts from the different 

emission modelling institutes collaborating in the ERMES executive board: TNO, 

TUG, INFRAS, LAT, and IVL.  
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 Since Euro-5, the first vehicles complying with a new legislation class seem to 

perform better than the main influx, a year or so later. Hence, a limited test program 

at the start of new legislation, required to update the emission factors for the air-

quality prognoses, will mainly sample these early vehicles. There is only limited 

budget and capacity available, in the whole of Europe, to keep testing the new 

vehicles for their real-world emission performances throughout the full period of 

legislative dates. For example, only in the case of serious concerns of wrong 

estimates, does the Dutch government request the testing of older vehicles. The 

focus in Europe is forward looking towards new legislation and new technologies 

which can meet this new legislation. Consequently, there is a gap in knowledge on 

the performance of mainstream vehicle models and the deterioration of emissions 

over time. Even if all data in Europe is collected and put together there is not 

enough data to take away the uncertainties. If all vehicles perform the same, only a 

few need to be tested. However, with modern vehicles there are large variations in 

the test results for the same vehicle and between different vehicles. Consequently, 

the emission factors for air quality in Europe have large uncertainties. The three 

main uncertainties are:  

- vehicles satisfying future legislation do not exist yet and they can therefore 

not be tested.  

- the initial testing of the first vehicles satisfying new legislation may not be 

representative for the average vehicle emission for a legislative class.  

- the reduced performance of emission control technology over time, 

especially for the more complex new technology, is unknown. 

2.1 Air quality modelling 

A proper model for air quality predictions contains at least the following features 

concerning vehicle emissions: (Features considered in this report are underlined) 

1. Vehicle emission factors: 

a. Sufficient distinction in vehicle categories to differentiate between 

different emission performances of different vehicles. 

b. Emission factors linked with driving behaviour such as velocity and 

acceleration/deceleration. 

c. Cold start emissions of vehicles with catalytic emission reduction 

technology. 

d. Estimates of the effects of emission technology deterioration and 

malfunctioning. 

2. Vehicle fleet model: 

a. Age distribution of the vehicles on the road, with possible distinction 

between urban fleet and motorway fleet.  

b. The renewal of the vehicle fleet over time, with possible shifts in the 

fuel type and the popularity of new technology and vehicle 

categories, such as LCV’s. 

c. The payload assumptions for heavy-duty vehicles on the road, 

combined with the use of trailers by HGV’s. 

d. A check on the overall total mileages for the different vehicles 

summing to the total emissions. 

e. An estimate on the share of heavy duty vehicles and buses on 

different roads. 
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 3. A driving behaviour model: 

a. The amount of traffic in congestion, possibly distinguishing different 

levels on congestion. This can be expressed as the average 

velocity in relation to the speed limit on a particular road. 

b. The degree of acceleration and braking associated with a particular 

road type and congestion level. 

4. A traffic intensity model, comparing: 

a. The spatial distribution of roads. 

b. The traffic intensity, i.e., the number of vehicles passing each road 

section.. 

c. The forecast changes in traffic intensities over time, due to 

infrastructure improvements and building projects (residential and 

business). 

5. The exposure model: 

a. The distance of the sources from human dwelling areas. 

b. The precise build-up around locations of exposure, which 

determine the speed exhaust gases are dispersed. 

c. The annual wind distribution affecting the local exhaust gas 

dispersion. 

d. The conversion rate of NO to NO2, as the result of ambient 

temperature, volatile components and ozone, and sunlight. 

6. A calibration procedure for incorporating unknown sources and 

uncertainties into the model: 

a. Background and road side measurement stations with data that 

spans many years. 

b. Local air quality predictions at the location of measurement 

stations. 
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 3 Vehicle emission legislation  

Every new vehicle type is required to meet a large number of standards, including 

emission standards, before the manufacturer is allowed to sell the vehicle on the 

European market. Responsibility for testing of vehicles against the legislative 

standards lies with the vehicle manufacturers. Manufacturers can perform these 

Type Approval tests at their own facilities or enlist the help of test houses. 

Furthermore they need to ensure the appropriate witnessing of the tests by type-

approval authorities, such as the VCA, the RDW, and the KBA.  

 

The Type Approval test procedure for vehicle emission testing, including the limit 

values for vehicle emissions have evolved over time. This section describes the 

most important developments for the various Euro standards over the last few 

decades.  

 

Compliance with these standards is based on a standard twenty minute drive cycle 

test undertaken in laboratory conditions. The very latest legislation for light duty 

vehicles will see for the first time additional emissions tests carried out in real world 

driving conditions. 

 

The most recent and future legislative emission standards during the period from 

now until 2030 are set out in Table 2.  

Table 2 The latest and future legislative emission standards, all are part of Euro-6/VI 

legislation. 

 
 

Testing for real-world emission factors, or the typical on-road emissions of vehicles, 

is carried out mainly outside the spectrum of the legal requirements. In the 

development of future legislation there was minimal input from real-world emissions 

and air quality problems in the development of the future legal limits. Instead the 

development of future legislation is based mainly on what is technically feasible.  

 

For many years it has been clear that emissions in real world driving conditions are 

far higher than the laboratory based Type Approval tests. Current and future 

legislation, which will take effect from 2017, as summarized in Table 2, is intended 

to change this situation. 

 

Limited NO2 concentration reductions have been seen in larger cities and real-world 

NOx emissions of diesel vehicles have been observed to be hardly decreasing. It is 

necessary, therefore, to understand the uncertainty concerning the effectiveness of 

future vehicle legislation compared with earlier legislation, especially laboratory 

tests, but also with compulsory on-road testing.  

expected introduction dates

future legislation new models all models comments

Euro-6 passenger cars 1-Sep-14 1-Sep-15 current influx, preliminary status on emission factors

Euro-6 heavy vans 1-Sep-15 1-Sep-16 few vehicle models available, status unknown

Euro-VI heavy duty 1-Jan-13 1-Jan-14 very low emission results observed in 2012-2015

WLTP ("Euro-6c") 1-Jan-17 1-Jan-18 laboratory test, aims towards CO2 not NOx emissions

RDE phase 1 1-Sep-17 1-Jan-19 delayed introduction expected till "all-models" date

RDE phase 2 1-Jan-20 1-Jan-21 final stage: likely design criteria for manufacturers
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 3.1 NEDC laboratory tests 

The Euro-1 legislation in 1992 was the first compulsory European-wide legislation 

on vehicle emissions. Compliance with this first standard and later legislative 

standards up to Euro 6 has been based on a laboratory test known as the New 

European Drive Cycle (NEDC). 

 

This test is the Type-1 test on the first pre-production series of a vehicle model, to 

ensure that the vehicle emissions control technology meets the relevant emission 

standards.  

 

The driving cycle is, however, short (lasting for 20 minutes), very stylized, 

unchallenging, and does not represent real world driving conditions. This means 

that it is easy to perform the test with all vehicle types, including low-powered 

vehicles. Subsequent legislation has provided for minor adaptions of the test 

protocol.  

 

The reduction of NOx emission limits since Euro-1 and up to the current Euro-6 

standard in 2015, as shown in Table 3, has been substantial. Unfortunately these 

increasingly tighter standards have not led to the expected improvements in air 

quality because real-world emissions have continued to far exceed the Type 

Approval standards. 

Table 3 Successive tightening of emission legislation, from Euro-1 (1992) to Euro-6 (2015). 

The relevant emission factors for air-quality are boldface. 

Emission 

limit 

NOx [g/km]  

 

HC [g/km] HC+NOx [g/km] CO [g/km] PM [mg/km] 

 Petrol Diesel Petrol Diesel Petrol Diesel Petrol Diesel Petrol Diesel 

Euro-1  - - - - 0.97 0.97 2.72 2.72 - 140 

Euro-2  - - - - 0.5 0.7 2.20 1.00 - 80 

Euro-3  0.15 0.5 0.20 - - 0.56 2.30 0.64 - 50 

Euro-4  0.08 0.25 0.10 - - 0.30 1.00 0.50 - 25 

Euro-5  0.06 0.18 0.10 - - 0.23 1.00 0.50 5 5 

Euro-6 0.06 0.08 0.10 - - 0.17 1.00 0.45 4.5 4.5 

3.2 Additional requirements 

Apart from the central Type-1 test, the vehicle model is also required to satisfy other 

emission criteria, such as cold temperature testing, durability testing, and 

evaporative emissions testing. This is meant to ensure the vehicle has low 

emissions in a variety of circumstances and over its useful life. As with the Type-1 

test these further tests do not include real-world or on road testing of vehicle 

emissions.  

 

There is no requirement for monitoring the performance of vehicle models after the 

Type Approval Test. The durability tests assess how vehicles satisfy criteria on fuel 

use and maintenance. They are not randomly selected vehicles from users. 

Furthermore the testing regime applies only to the ‘factory vehicle’, not vehicles that 

are sold by the manufacturer. ‘Factory vehicles’ and ‘user vehicles’ are therefore 

separate, and, unlike safety, there is no post-sale monitoring of the environmental 

performance of individual vehicles due to improper use, adaption, or issues with 
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 maintenance. After-sales adaptions, affecting the emission performance, are not 

necessarily illegal and the regulation and control of replacement parts is limited. 

3.3 WLTP laboratory tests 

In 2017 the new World Wide Light-Duty Test Protocol (WLTP) will be rolled out for 

adoption in Europe and will replace the NEDC.  

 

Around 2010, the WLTP was considered to be the solution to the large disparity 

between emissions from real-world driving and test based emissions. Today, 

however, the purpose of the WLTP is considered to be more limited, its main 

purpose being to produce more realistic CO2 emissions and to remove ambiguities, 

commonly referred to as “flexibilities” in the test protocol.  

 

In essence the WLTP poses as many problems as solutions for vehicle emissions. 

Two main problems with the shift from NEDC to WLTP are the cold start and the 

vehicle medium load. Because the WLTP emission test is more than double the 

length of the NEDC test it has less than half the stringency of the NEDC when it 

comes to cold start emissions. For petrol vehicles, the cold start emissions in the 

first kilometre of the test are dominant in the overall emissions. For future diesel 

vehicles the relevance of cold start emissions is expected to be similar, with the 

catalytic emission reduction technology responsible for over half the total emission 

reduction to reach the required limit of 80 mg/km. The WLTP therefore contains the 

risk of an increase in real world emissions for both petrol and diesel vehicles, as the 

less stringent test may result in the application of inferior emission control 

technology. The medium load ensures a quicker warm-up of the catalyst, compared 

to the current NEDC test but this is not enough to cover all driving behaviour, 

especially with medium-powered and high-powered vehicles. 

3.4 On-road RDE emission tests for cars 

In a simplistic view, on-road testing is the same as gathering real-world emissions 

data but the reality is more complex. TNO has been testing passenger cars on-road 

from 2010, and trucks on-road from 2008 using a Portable Emission Measurement 

System ‘PEMS’ and Smart Emission Measurement System ‘SEMS’. By 2014 TNO 

had gained enough understanding and experience of on road testing to use the 

data it has collected for the determination of real-world vehicle emissions of 

passenger cars.  

 

For trucks it has been more simple and from 2009 TNO relied only on on-road 

testing for heavy duty emission factors. The bulky PEMS measurement equipment 

which accuracy made legislative on-road testing possible at the start of Euro-VI in 

2014, is not an obstacle for heavy duty testing, and it brought to light many of the 

finer details in on-road testing and test evaluation of these heavy-duty vehicles.  

 

Few other laboratories have been able to progress their testing of real world 

emissions to the extent that TNO has for light-duty vehicles. There are several 

drawbacks, the on vehicle testing equipment being one of them. It adds to the 

weight and the air-drag of the test vehicle, making the results less representative of 

normal vehicle usage. Measurement uncertainty and the somewhat laborious and 

intricate installation and operation means the measurement data must be carefully 
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 scrutinised. For example, driving behaviour is a key part in emissions and only 

since October 2015 are accurate velocity measurements to be obligatory in RDE 

legislation, after TNO pointed out the typical faults in GPS signal velocities.   

 

This, in part, explains why it has so far taken five years since RDE was first properly 

proposed to come up with a legislative procedure to test emission on the road.  

 

With the competing CO2 targets and the on-coming WLTP, RDE was the third major 

adaption for the type-approval legislation with major consequences for vehicle 

development. The consequence is that the solution of high real-world NOx problems 

may seem to compete with CO2 targets. The latter requires a proper laboratory test 

and a major adaption from all parties. This can cause delay for measures to reduce 

NOx emissions. The two items are already considered by some stakeholders to be 

“conflicting measures.” 

 

The legislative RDE emission limit is an average and normalized emission over a 

trip. Some allowance is given to the variation in the results in the second legislative 

phase of RDE test from 2020 onwards (See Table 2). In the first phase of RDE, the 

allowance is based on the best available current diesel vehicle technology. As the 

data is averaged and normalized this means that in particular traffic situations the 

emissions are higher. In the Netherlands the effectiveness of RDE is based on the 

limit, combined with the legal allowance, i.e. conformity factor, combined with the 

CO2 increase for each particular traffic situation. For example, in stop and go traffic, 

fuel consumption and CO2 emission may be double the average CO2 emissions. 

Hence it is assumed that the NOx emissions in such situations is also double the 

RDE limit.  

3.5 Typical progress of introduction of a new legislative class 

In practice, variations of a vehicle model can be added onto existing type-approvals 

with a limited need for retesting emissions. This means that initially most new 

vehicles entering the fleet will only meet a new emission standard when a 

completely new model is introduced. The second legislation date for RDE (in 

September 2019) “all new vehicles need to fulfil RDE requirements” is therefore far 

more important than the 2017 first date “only new vehicle types need to fulfil RDE 

requirements”.  

 

Another factor which slows down the penetration of vehicles meeting the latest 

emission standards are vehicle stocks. A period of approximately 2 years, from the 

first date, to sell off existing vehicle stock not meeting the new standards is allowed 

after the introduction of new emission regulations. 
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Figure 3 An example of market penetration of vehicles meeting the new emission regulation 

Euro 5. Starting from the fourth quarter of 2009 the Euro-5 was obligatory for all new 

vehicle models. However, at that specific time vehicles meeting Euro 5 only accounted 

for about half the new sales. [TNO 2012] 

 

The flexibility in the regulations of the new emission requirements means that 

vehicles with more complex and expensive technology will only appear on the 

market for low-segment and mid-segment vehicle models once the legislation 

applies to all models. For RDE legislation, this date does not occur until 1
st
 of 

September 2019. Consequently, it will not be until the period 2020-2022 that any 

material benefits of RDE legislation even start to occur.  

3.6 Other vehicle categories 

The expected decrease of emissions in the period 2015 to 2020 in the UK Air 

Quality Plan is most likely to be due to improved heavy duty legislation - Euro-VI 

from 2014, than from the light duty vehicle legislation. 

 

Prior to the Euro VI Type Approval test HGV vehicles models over 3500 kg gross 

vehicle weight were subject only to an engine test (the Roman numeral “V” refers to 

the heavy-duty counterpart of the light-duty Euro-5 legislation). From Euro-V in 

2008 it became clear that this engine test had little bearing on the real-world 

emission performance of the vehicle. Under Euro-VI the situation has been 

improved and an on-road vehicle test is required in the type-approval of the Euro-VI 

engine. 

 

A complete picture of on-road emissions must include all categories’ contribution to 

the NO2 air quality problem. Table 4 sets out the different legislative classes. The 

diesel vehicles are the main cause of high NOx traffic emissions, and since larger 

vehicles have a larger fraction of diesel, they contribute more to total traffic 

emissions. In particular around 2012-2014, Euro-5/V vehicles dominated total 

emissions, and urban emissions were about ten times the light-duty diesel NOx 

emissions. A share of 5% to 10% of heavy-duty vehicles resulted in half of the total 

emissions, depending on the fraction of diesel passenger cars.  

 

Transition period 
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 In the Netherlands large vans; N1 Class III (see Table 4) contribute about half of the 

total NOx emissions of all light-duty vehicles. This relatively small group of vehicles 

are mainly diesel, have a higher legislative emission limit than passenger cars, and 

perform worse compared to the relevant limit than passenger cars. Moreover, the 

legislative dates lag one year behind that of passenger cars and small vans. 

 

Given that European NOx emission legislation is based on technological feasibility, 

larger vehicles have typically less strict emission limits. Any shift from passenger 

cars to vans, and from vans to HGV’s means a twin-fold increase in emissions: a 

higher share of diesel and more emissions per vehicle. It is therefore important to 

understand the full fleet with respect to both the share of diesel and the 

corresponding legislation class. Buses have contributed significantly to the air 

quality problems in London, for example, even though the number of buses is small 

compared to the total vehicle fleet based in and around London (in the Netherlands 

bus service routes and schedules are separately modelled in the air-quality model, 

because of the large local contribution to urban emissions). 

 

The Euro VI standard led to very low emissions from tests carried in the period 

2012-2014 in the run up to 2014 as new HGVs were subject to the first Euro-VI 

Type Approval. This was because, to be sure of passing the test, manufacturers 

designed vehicle engines to out-perform the Type Approval standard by some 

margin. 

 

Later evidence has shown that the engine emission performance of more recent 

HGV’s has not been sustained, perhaps as manufacturers have gained experience. 

Although HGV’s continue to meet the emission requirement in on-road tests, the 

margin has reduced and they are now closer to the limit. 

Table 4 Vehicle categories of emission legislation. Under 3500 kg maximal weight (GVW 

Gross Vehicle Weight) vehicles are tested, above this weight the engine alone is 

tested. The former requires a test based on the most low-powered vehicle, the engine 

tests are based on the rated engine power and are typical at the high end of the 

normal engine demand. 

Category Description Category Mass  Subcategory 

Passenger cars and buses Persons 

M 

Passenger 

transport with 

4 wheels or 

more 

M1 ≤3500 kg Up to 9 

M2 ≤5000 kg 

10 or more 

M3 >5000 kg 

Vans and trucks Reference mass 

N 

Goods 

transport with 

4 wheels or 

more 

N1 ≤3500 kg 

Class I: <1305 kg 

Class II:  

1305< GVW <1760 kg 

Class III: >1760 kg 

N2 
3500< GVW 

<12000 kg NA 

N3 >12.000 kg 

 

In the Netherlands it was decided that the situation with the extremely well-

performing heavy-duty vehicles (Categories M2, M3, N2, N3 in Table 4) would not 

last. Hence, an estimate was made based upon the Euro-VI legislation for the 
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 eventual Euro-VI fleet average. This is about double the current NOx measurement 

values, and triple the initial measurement results. The recent measurement program 

of heavy-duty vehicles demonstrates that emissions are indeed higher, and closing 

in on the conservative estimate made for the Netherlands emission factor database. 

 

The Emission factors for the UK AQ Plan’s air quality predictions from COPERT 

have not yet been updated to reflect this more conservative outlook on Euro VI, yet 

it is very likely that with the influx of more Euro-VI vehicles, and also smaller trucks 

for urban usage, these emission factors will need to be adjusted upward. In addition 

some Euro-VI buses on urban routes perform poorly, as the Euro-VI legislation 

does not fully cover the real-world vehicle usage with many stops and a low 

average speed. 



 

 

TNO report | TNO 2016 R10520 | 14 April 2016  22 / 45  

 4 Vehicle emission testing in Europe 

Real-world vehicle emissions are monitored across Europe. This type of data 

underpins the national emission inventories, which European member states are 

obliged to keep. In many member states the same data is used for modelling of air 

quality needed to ensure European air quality standards are met. Despite these 

important usages of emission test data, only a limited number of institutes and 

laboratories gather this vehicle emission data to derive emission factors which 

represent realistic emission values for specific vehicle categories under specific real 

world conditions. There are in fact only two main sources of data and three 

emission models which translate the measurements to the situations on European 

roads. This limited data base is set out in the section below.  

4.1 Vehicle emission data in Europe  

In Europe there are a limited number of institutes and laboratories which perform 

testing for real-world emissions despite the continuing limited reduction across 

Europe of NO2 concentrations. The commitment of resource by European member 

states to ensure sufficient and up to date measurements to keep the emission 

factors, underlying air-quality models and emission inventories, up to date is 

decreasing rather than increasing. 

 

Two main sources of test data which are used to derive emissions factors are the 

measurements underlying the HBEFA and VERSIT+ emission factors. TNO has 

collected data from thousands of vehicle and engine measurements in a large 

database, which is continuously updated with ongoing vehicle emission 

measurement programmes. Based on this database, TNO has developed the 

VERSIT+ emission model for road traffic. 

 

The HBEFA measurement campaign is a joint effort between Sweden (the 

laboratories of AVL-MTC and TüV-Nord usually run these programs), Germany 

(testing at TüV-Nord and Dekra), Switzerland (testing at EMPA) and Austria (testing 

at Technical University Graz: TUG). The data is collected by INFRAS in Switzerland 

and the emission factors are determined by TUG in Austria, using their emission 

model PHEM. Nowadays, Norway and France also use HBEFA emission factors. 

 

The Dutch VERSIT+ emission factors are based mainly on measurements 

undertaken by TNO and tests executed for TNO by the HORIBA laboratory in 

Germany. LAT in Greece also undertake additional testing, and collects further 

data, to augment the HBEFA emission factors. The translation from emission 

measurements to emission factors is explained in Chapter 5. The UK Air Quality 

Plan modelling utilises factors derived from COPERT which are in turn derived from 

HBEFA.  

 

The vehicle testing process differs from country to country and from laboratory to 

laboratory. The testing policy in the Netherlands is to perform as much real world 

representative testing as possible, to limit the amount of modelling needed to cover 

the different Dutch traffic situations. This requires a substantial amount of testing 

per vehicle, in order to get an accurate impression of its emission performance in 

many different traffic situations.  
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Apart from vehicle emission measurements for emission factors, there are NGO’s 

and consumer organisations, like ADAC, which also perform vehicle emission 

testing. They cover mainly new vehicles entering the market. Moreover, the test 

programs are not always well suited to determine the average real-world emissions, 

or emission factors. Tests may be limited or somewhat artificial. The precise status 

of their test programs is not always clear as such parties do not participate in 

programmes like ERMES, an international collaboration between institutes and 

ministries with the aim to share emission data and to optimize the testing 

programmes. 

4.2 Limited number of vehicles and tests available 

As stated previously the first estimates of emission factors for new vehicles are 

nearly always based on a very limited number of vehicle tests, because only a few 

new vehicles are available for testing. 

 

The time taken from a new vehicle model being tested to it starting to have an 

impact on future air quality predictions, via emission factors, takes a minimum of 

two years and more often three years. Consequently, the UK Air Quality Plan is 

based on vehicle test data for Euro 6 vehicles dating back to around 2013. 

 

It is important to note that at that time only a handful of early Euro-6 vehicles were 

available, which means that the test data could give only a preliminary outlook on 

the emission performance of these vehicles. The results, at the time, were based 

specifically on the then available models: Mazda CX5, BMW 330d, BMW730d, 

BMW 530d, BMW 320d, Mercedes E350, and VW Passat 2.0. Most of these same 

vehicles were tested by several laboratories, since no other vehicles were available 

at the time, and in some cases the same engine was tested with different vehicles. 

It should, however, be noted that in some cases the same vehicle model and 

engine size had different emission control technologies. Clearly, manufacturers 

were also investigating the best technology and they shifted focus several times 

between different emission reduction systems - SCR (Selective Catalytic Reaction)) 

and LNT (Lean NOx Trap), and combined these with different EGR (Exhaust Gas 

Recirculation) technologies.  

 

The introduction of Euro-6 vehicles had started earlier. TNO measured the 

emissions of some very early Euro-6 diesel vehicles in 2009-2010, which were 

probably intended for the USA market. These vehicles performed better on NOx 

emissions than most of the vehicles measured later. The initial emission factors, 

prior to 2013, for Euro-6 vehicles were partly based on these promising results. 

 

In the Netherlands there was hope that with the introduction of Euro-6 the problems 

of high NOx emissions would be over. A tax scheme was set up to ensure the quick 

influx of Euro-6 vehicles in the Netherlands. Despite a reduction of 1500 Euro on 

the vehicle sales tax in 2011, 1000 Euro in 2012, and 500 Euro in 2013, only 328, 

951, and 4,770 Euro-6 diesel vehicles were registered in the Netherlands in the 

respective years, prior to the new-models legislative date in 2014. They represent a 

negligible number on total annual sales of about 100,000 diesel vehicles. In 2013 

the first Euro-6 standard high-end vehicle models were sold in large numbers. 

However, because of the lack of mainstream and compact vehicles prior to 2015 
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 the effect of Euro-6 technology and the consequences for emissions on the wider 

fleet were still unclear. In 2015 a better understanding around Euro-6 was being 

gained, before the upheaval from the Volkswagen scandal in September 2015.  

Based on the Netherlands experience, it can be expected that even with moderate 

tax advantages, RDE compliant vehicles will not enter the market in large numbers 

prior to 2019. 

 

It should also be noted that the number of vehicles needed to estimate the emission 

performance of all vehicles of a certain legislative class should not be exaggerated. 

For example, with the final update of the TNO emission factors of Euro-5 diesel 

vehicles in 2012-2013, it was observed that the same engine is used in many 

different vehicle makes and models. Based on the total sales figures, eleven diesel 

vehicle engines, as distinguished by the cylinder volume and rated power, are in 

more than half of all the vehicles sold in a period of a few years.  

 

Depending on the sales volume of Euro-6 diesel vehicles in the respective years, 

emission performances can vary. The early high-end vehicles seem to perform 

better than the mid-segment cars. The mix of sales of diesel vehicles in the total 

fleet may affect the outcome.  

4.3 Recent insights into emissions from light commercial vehicles 

Light commercial vehicles (LCVs) come in a variety of sizes and under a variety of 

legislative classes. The main vehicles come in three weight classes. However, 

some vehicles are tested as incomplete vehicles, such as campers, and others are 

tested with a heavy-duty engine installed in a light-duty vehicle, with a maximum 

weight restriction. 

 

In Europe, with the focus on passenger cars, there has been limited testing of these 

vehicles. However, because of concerns regarding the emission performance of 

these vehicles, and their contribution, because of their increasing popularity, to total 

emissions, especially the weight Class III, TNO tested a sample of these vehicles in 

2014. The results lead TNO to conclude that these vehicles emit on average much 

more NOx than previously assumed.  

 

As a result, from 2015 the Dutch emission factors have been updated to account for 

these results. Both HBEFA and COPERT will also soon update their emission 

factors for these vehicles, which will lead to an increase of the expected emissions 

of Euro-5 vans by about 50% compared to the previously assumed emission factors 

in COPERT for LCV’s, especially in urban conditions. This means that the emission 

factors used for LCVs in the UK Air Quality predictions are almost certain to have 

underestimated emissions by some 50%. As for large vans Euro-6 legislation will be 

compulsory for all new vehicles from 1
st
 September 2016, very few Euro-6 vans are 

available and measured yet. However, the the recent results for Euro-5 vans should 

be reflected in higher preliminary estimates of Euro-6 vans emission factors. 

4.4 Heavy duty vehicles 

Euro-VI legislation for heavy-duty vehicles (HDVs) was introduced in 2014, and 

made compulsory in 2015. The testing from 2013 of the first generation of Euro-VI 

vehicles found extremely low emission measurements, as is shown in Figure 4. 
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 These very low emissions were the result of the heavy-duty RDE legislation part of 

the forthcoming Euro-VI standard. However, it was not expected that emissions 

from later vehicles would remain as low as the first generation Euro-VI vehicles 

tested and for this reason it was decided in the Netherlands to use a conservative 

estimate based on the RDE limit - with values of 0.5-1.0 g/km NOx emissions – for 

modelling purposes.  

 

 

 

Figure 4 Emission measurements of different legislative classes of heavy-duty vehicles 

distinguished in the Dutch air quality model.  

 

Recent measurements do now show that the current generation of Euro VI vehicles 

do have higher emissions than the first generation shown in Figure 4 and the 

emission values are much closer to the conservative estimates adopted in the 

Netherlands. Moreover, most testing of Euro-VI heavy-duty vehicles focusses on 

large long-haulage trucks. The different heavy-duty fleet for urban usage: smaller 

trucks (for example legislative category N2 in Table 4) and busses (category M3 in 

Table 4) are underrepresented in the measurement data and may show different 

emission performances. 

 

COPERT and HBEFA have similar findings in emission testing of heavy-duty 

vehicles. However, they have not chosen to use conservative estimates for the 

general Euro-VI emissions. The Euro-VI emission factors of COPERT and HBEFA 

are substantially lower than the emission factors used in the Netherlands, and are 

almost certain to be revised upwards for most urban traffic situations in future 

updates. Based on the recent emission measurements this will be 20%-30% for 

urban conditions. Given the available margin below the legal limit, it can be up to a 

50% increase for future vehicles. The effects are most prominent in urban 

conditions where it is difficult to achieve low emissions with current emission control 

technologies. 
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 5 Emission factors 

Emission models and emission factors, together with vehicle fleet data and traffic 

flows provide a major input to emission inventories, calculation of traffic emissions 

and for local air quality modelling. Apart from traffic related emissions this would 

also include for example emissions from household heating and industrial plants. 

This section briefly describes the important European emission models and 

emission factor data sets. Although the underlying emission data is partly shared, 

the results of the various models can vary for a number of reasons, which are 

explained in the following section. 

5.1 Average and normalized real world emissions  

Emission factors represent the average on-road, or real-world, emissions for the 

average vehicle of a particular emission class, with the average vehicle usage and 

the average driving behaviour. Importantly, this means that the emissions testing 

regimes alone are not sufficient to determine emission factors.  

 

The determination of representative emission factors requires thorough 

understanding of the vehicle fleet comprised of different technologies, normal 

vehicle usage and trip length (including passenger and luggage load, air-

conditioning usage, etc.). Vehicle age, maintenance state, and deterioration will 

also affect vehicle emissions, as, very importantly, will particular driving conditions 

(urban, rural, motorway, free flowing, congested, high speed, low speed, road 

incline and decline) because these factors affect the load being placed on the 

engine. Other important influences on emissions are the engine temperature, with 

higher emissions arising at the start of journeys before the engine warms up. In 

addition driving styles, including for example gear shifts and braking can vary 

dramatically from driver to driver, with some effect on fuel consumption but a more 

dramatic effect on pollutant emissions.  

 

There have been several large research programs to attempt to determine these 

aspects. The most well-known program was ARTEMIS, from which the CADC 

(Common Artemis Driving Cycle) was developed around 2005. The CADC is still 

the most used real-world test cycle to measure emissions in laboratory conditions. 

 

There are various ways of measuring emissions in practice, each of which has 

advantages and disadvantages, which are summarised below. 

5.2 Bag data trip-based results 

For the accurate determination of emissions, exhaust gas is collected and diluted in 

a large bag attached to the engine’s tail pipe. The concentrations of the different 

pollutants are then analysed, and converted back to emission per kilometre. This 

process generates total emissions but it does not provide the emissions generated 

during particular events in the test, such as acceleration and braking. 
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 5.3 Modal-mass based results 

Modern emission modelling for emission factors relies on second-by-second data to 

link incidents of high emissions to specific events during driving, such as 

acceleration and braking. The quality of this data has not always been good, and in 

the past this data had to be calibrated with the official bag data results.  

 

Using state-of-the-art measurement equipment in laboratory conditions is 

challenging enough. These challenges are far greater in the harsh mobile on-road 

environment. The recent second generation PEMS equipment is more stable, 

however, and better calibrated than the first generation equipment was. 

5.4 Emission models and emission factors 

After emission data is collected the measurements of emissions must be matched 

or normalized to the average traffic situations on the road. The road type is the most 

coarse distinction, typically urban, rural, and motorway. A slightly better distinction 

which is used in COPERT is average velocity.  

 

However, the most detailed distinction in traffic situations currently used is a 

combination of road type, speed limits, and congestion levels. HBEFA makes a 

distinction of about 90 traffic situations, incorporating special traffic situations from 

countries like Sweden and Switzerland. The Dutch VERSIT+ emission factors 

distinguish between eleven Dutch traffic situations. These traffic situations are 

communicated with the relevant road authorities, who then supply traffic data for the 

different traffic situations, including the amount and severity of the congestion. The 

total vehicle distance travelled per traffic situation yields the sum to determine the 

total emissions.  

 

This type of normalization, from measurement data to average emission per traffic 

situation, requires an emission model, such as PHEM, VERSIT+, or COPERT. 

These models are designed to translate emission measurements from arbitrary 

testing to the average emissions in the different prescribed traffic situations. Each 

emission model has its own merits and input requirements. The features and the 

differences are discussed briefly below. 

5.4.1 PHEM 

The starting point of HBEFA is the PHEM emission model developed by the 

Technical University of Graz (TUG). This uses a detailed engine model for 

predicting emissions, which until recently required testing in the laboratory. An 

engine map is determined and emissions are calculated for the engine speed and 

power demand. This can be applied to a variety of vehicle weights and vehicle 

driving resistance, combined with actual velocity profiles for real-world driving.  

 

This model forms the basis of a very large collection of emission factors, used 

across Europe: the HBEFA emission factors. They are the result of average vehicle 

characteristics, combined with vehicle usage, and driving behaviour, as established 

in separate research programs. 
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 5.4.2 HBEFA 

The emission factors of HBEFA have been used in Germany, Sweden, Switzerland, 

and Austria for many years. Traffic situations from the different countries are 

inputted to the model to ensure the emission factors are determined for relevant 

traffic situations in these countries. Norway and France have also now started to 

use the HBEFA emission factors for their emission inventories. The PHEM model is 

run with representative driving behaviour and generic vehicle properties, to produce 

a very large collection of emission factors for the traffic situations provided by the 

experts of the different participating countries. 

 

HBEFA emission factors are updated approximately every three years.  

5.4.3 COPERT 

COPERT is the most commonly used emission model across Europe and version 

4.11 has been used to generate vehicle emissions predictions which are used in the 

modelling results presented in the UK Air Quality Plan. COPERT is a model which 

relies on the available data from other sources. The HBEFA emission factors are 

the main input to the COPERT model. These data are converted into the most 

comprehensive set of emission factors across Europe. 

 

However, apart from the vehicle categories, the COPERT model distinguishes only 

average velocity, deterioration and cold start as input. An important limitation is that 

congestion would be only roughly approximated by using data about average on-

road velocity as an input to COPERT. In an urban situation, failing to address 

periods of heavy congestion will lead to an underestimation of the vehicle emissions 

in COPERT. This is not a failure of the COPERT model, but mainly of the 

application of the model to particular situations.  

 

It is not at all clear in what detail the model underlying the UK Air Quality Plan is 

matched with the COPERT model. This is very important, however, for the 

calculated levels of vehicle emissions and the resulting local concentrations of NO2 

and other components. Specifically at intermediate velocities between 

approximately 40 and 80 km/h, the actual road type and congestion level are very 

relevant for the emission levels. As COPERT only takes into account the average 

velocity it is not able to distinguish emissions at 50 km/h on congested roads from 

50 km/h in free flow conditions. 

 

Generally, the results of COPERT are broadly in line with HBEFA and, to a lesser 

extent, to VERSIT+. However, there are still significant deviations between the 

outcomes of different models due to three main factors: 

i) the accuracy and detail of the traffic intensity and driving behaviour 

information; 

ii) the underlying emission data, which may, or may not yet include the 

latest emission measurements/insights; 

iii) the forward prediction of emission levels of vehicle legislative classes.  

 

The last two items are discussed extensively in this report.  

 

In the Netherlands average vehicle velocity is used to distinguish degrees of 

congestion on the different road types, as they can affect the total emissions 

greatly. In some cases induction loops are used to determine, or calibrate, the traffic 
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 data in the air-quality model. This is a good way to yield accurate results. The 

location of induction loops, e.g. close to junctions or away from them, is shown to 

affect the emissions generated. 

5.4.4 UK Air-Quality Plan COPERT usage 

The UK is not an official user of the COPERT model. The PCM implementation is 

very likely based on the reports provided by the COPERT maintainers, but, as far 

as these maintainers know, it is not using the COPERT software. The precise 

implementation in the PCM is unknown. Strictly speaking, it is not COPERT as 

such, and the COPERT maintainers cannot assure the appropriate implementation 

and usage of the reported results. Thus it is assumed that only the COPERT 

documentation v4.11 is underlying the UK Air-Quality Plan and not the model itself. 

The current Air Quality Plan does not contain sufficient information to check the 

implementation of COPERT. The only information to go on is the plots in the report. 

Although these appear to be generally in line with the COPERT results, not much 

more can be deduced. The previous implementation based on COPERT v4.10 was 

reported in more and better detail by DEFRA. 

5.4.5 VERSIT+ 

The Netherlands has one of the largest real-world emission test programs in 

Europe. The data is inputted into the VERSIT+ vehicle emission model. Both the 

vehicle test program and the emission modelling is carried out by TNO.  

 

The philosophy behind the test program is to perform emission tests as close to the 

real-world representative situations on the Dutch roads, such that the test results 

are representative of the average emission performance and little interpretation is 

required of the modeller to arrive at normalized emission factors, for the traffic 

situations agreed among the parties involved in the air quality model for the 

Netherlands.  

 

The model averages the emissions per vehicle for different velocities and 

accelerations, and applies these results to the different traffic situations, to establish 

emissions that are representative of the situations on Dutch roads. For example, 

there are emission factors for urban congestion, with average velocity below 15 

km/h – a situation which occurs at a number of locations in the metropolitan area.  

 

It is important to understand that such situations are excluded, or limited, in the 

oncoming RDE legislation, as the average velocity is too low for the trip to be RDE 

compliant. These limitations in the RDE test protocol are of some concern. A similar 

problem is observed for heavy-duty vehicles, where inner-city bus routes are 

associated with driving behaviour not fully covered in the Euro-VI legislation. 

Models relying on data which do not cover these realistic traffic situations will not be 

able to produce realistic emission results for these specific traffic conditions. 

5.5 Comparison of VERSIT+ and COPERT emission factors 

Emission factors in COPERT have not been updated since 2014. By contrast 

VERSIT+ emission factors have been updated last in March 2016. The emission 

factors, calculated with the VERSIT+ model, reflect the latest measurements for 

Euro 5/V and Euro 6/VI vehicles. These include the emission factors of the main 
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 diesel passenger cars which will be most prevalent over the coming 5 to 15 years in 

Europe. 

 

The Dutch national emission factors for 2016 are presented in Table 5. The current 

Euro-6 emission factors and the previous emission factors (for 2015) are shown in 

Figure 2. 

Table 5 Emission factors 2016 for the relevant diesel passenger cars for prognoses 2020-

2030, the figure comparable to the COPERT emission factors below are highlighted. 

 
 

It is relevant to compare these VERSIT+ emission factors with the emission factors 

from COPERT v4.11 that are used in the UK Air Quality Plan.  

 

Considering the emission factors for Euro-6 and RDE compliant vehicles in urban 

areas (with an average velocity of 25 km/h) the COPERT v4.11 emission factors 

are: 

 COPERT 4.11 Euro-6        0.254 g/km NOx 

 COPERT 4.11 RDE (Euro 6c)     0.135 g/km NOx  

 

While this data is provided by COPERT, it is not presented and cannot be deduced 

from the Air Quality Plan. Comparing these values with the VERSIT+ “urban 

normal” driving in Table 5, it can be seen that the Dutch values are roughly double 

the emission factors used from COPERT. This difference is substantial. Moreover, 

the Euro-6c vehicle category is part of COPERT, but not of the report the PCM is 

based on. It is possible that the limit values in PCM are taken for the estimate of 

real-world emissions but this is not stated in the Air Quality Plan. Assumptions on 

future legislation are therefore unclear.  

 

The Dutch testing for Euro 6 is based on mainly 2013 vehicles, where SCR 

technology dominated. This Euro 6 technology is known to perform poorly in urban 

emission factors 2016 [g/km] Euro-6 RDE Euro-5

urban congestion NOx 0.679 0.314 1.000

NO2 0.288 0.129 0.327

urban normal NOx 0.571 0.244 0.708

NO2 0.225 0.100 0.214

urban free flow NOx 0.454 0.188 0.542

NO2 0.176 0.077 0.160

rural NOx 0.397 0.170 0.531

NO2 0.157 0.070 0.161

motorway average NOx 0.404 0.171 0.588

NO2 0.165 0.070 0.181

motorway congestion NOx 0.594 0.253 0.746

NO2 0.233 0.104 0.227

motorway strict 80 km/h speed limit NOx 0.310 0.127 0.405

NO2 0.122 0.052 0.122

motorway no strict 80 km/h speed limit NOx 0.312 0.185 0.466

NO2 0.095 0.046 0.152

motorway strict 100 km/h speed limit NOx 0.253 0.139 0.501

NO2 0.111 0.057 0.158

motorway no strict 100 km/h speed limit NOx 0.294 0.148 0.528

NO2 0.127 0.061 0.165

motorway 120 km/h speed limit NOx 0.377 0.166 0.576

NO2 0.156 0.068 0.178

motorway 130 km/h speed limit NOx 0.434 0.173 0.589

NO2 0.174 0.071 0.181



 

 

TNO report | TNO 2016 R10520 | 14 April 2016  31 / 45  

 conditions. It is likely, that the eventual emission factor of Euro-6 in urban conditions 

will settle in a year or more, at a value somewhere in between the COPERT and the 

VERSIT+ emission factors. However, the current emission factors of COPERT are 

considered by TNO to be altogether too low to remain tenable. A 50% increase on 

the current COPERT light duty Euro 6 values for urban conditions is very likely.  

 

The Euro-6c estimates in all emission factors in COPERT, HBEFA, and VERSIT+ 

were very preliminary, but with the recent developments in Europe such low 

emission values may be possible. It is no longer the WLTP which will dominate any 

such change, however, but the RDE legislation. In particular a separate requirement 

on urban emissions in RDE legislation may indeed bring the value down to below 

0.160 g/km after 2020.  

 

Both the HGV and LCV emission factors are lower in COPERT and HBEFA than 

used in VERSIT+ in 2016. In both cases the Dutch estimates are approximately 30 

to 50% higher, mainly for urban conditions. This is for two different reasons. The 

testing of LCV’s across Europe is limited, and emission factors have been based on 

estimates rather than measurements. In the Netherlands these estimates are 

considered no longer tenable. In the autumn of 2014 a group of ten common Euro-5 

LCV’s were tested and the emissions were much higher than previously assumed 

across Europe. In 2015 the Dutch emission factors were updated and the results 

were shared with HBEFA. Within HBEFA similar data was available, but since the 

emission factors were updated half a year earlier, these test results are awaiting the 

next update of HBEFA, which will be probably early 2017. It is expected that 

COPERT will follow soon after, assuming there is no intermediate update in 2016. 

 

The difference between HGV emission factors of COPERT and HBEFA on one side 

and the VERSIT+ emission factors on the other side is for a different reason. All 

parties found from 2013 very low emissions of HGV’s. The Netherlands decided to 

use conservative estimates based on the available margin to the legal limit, which 

was double the results from the emission testing. The gap between more recent 

emissions measurements and the limit has reduced. HBEFA uses a much more 

optimistic approach, which is also followed by COPERT. The heavy duty emission 

measurements are currently about 20%-30% higher on average compared on the 

initial testing on which HBEFA is based, however, variations with vehicle type, 

payload, velocity and road type are in the same order of magnitude. The differences 

are most distinct for low velocities in urban conditions. 

5.6 Conclusions 

Based on the latest TNO emission data, collected by recent measurements (2015) 

of mainstream Euro-6 vehicles, the VERSIT+ emission model was updated. This 

resulted in an increase of the new 2016 Euro 6 NOx emission factors. The previous 

emission factors were based on older emission data from 2012/2013, when only a 

few of the first (high end) Euro 6 vehicles were tested.  

 

The COPERT 4.11 Euro 6 emission factors are still based on the older emission 

data. Until these are updated, the COPERT Euro 6 emission factors are not based 

on the most recent, best available evidence and very likely underestimate the 

emission levels of Euro 6 vehicles.  
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 It is likely that in the next update of emission factors for the Euro-6 passenger cars, 

Euro-5 and Euro-6 LCV’s, and Euro-VI HGV’s, the factors for urban conditions will 

be increased by about 30%-50%, depending on the vehicle type, compared to 

those currently used in HBEFA and COPERT. For Euro-5 LCV’s and Euro-6 

passenger cars the recent measurement data warrants such an update. The update 

of Euro-6 LCV’s and Euro-VI HGV’s will in part an expert judgment. In addition it 

must be noted that this change is not uniform across all road-types and traffic 

situations. For example, increases linked to congestion, urban driving, and cold 

start effects are expected to be the largest. 
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 6 Uncertainties and margins for emission factors 

The previous section has considered emission factors, but it is important to 

recognise that emission factors alone do not determine the real-world emissions 

and their impact on air-quality. Two other aspects are central to the overall effect: 

 

i) the appropriate assignment of the right emission factor to the traffic 

situations on all the roads, combined with the intensity and distance; 

and  

ii) the average vehicle fleet composition on the different roads.  

 

The former requires a detailed and calibrated traffic model to be combined with the 

vehicle emission information (the complexity of assigning the right emissions to the 

traffic situation has already been touched upon in the previous chapter). 

 

In respect of the second aspect, if air quality problems are to be solved in the near 

future, the dominant cause will be renewal of the vehicle fleet as older cars, which 

generally pollute more, are replaced with newer vehicles which are expected to be 

cleaner. It should, however, be noted that the assumption of newer cars being 

cleaner, does not necessarily hold for the NOx and NO2 emissions of diesel cars, 

where history has shown little overall improvement and in some cases deterioration 

in real driving conditions as standards have been introduced. This section briefly 

considers these factors. 

6.1 Fleet and fleet renewal 

If vehicles are not imported or exported they live out their natural life in one country. 

Historically, older vehicles were scrapped earlier in their life cycles, normally after 

about 14 years. However, vehicle reliability has improved. A modern vehicle’s life 

span now covers on average about 17 years in most European countries, including 

the UK. This means it takes longer for the fleet to renew and it also takes longer to 

see the effect of the influx of newer and cleaner vehicles on air quality. In one year 

typically only 6% of the vehicles are replaced with new vehicles. If the average 

vehicle on the road has double the emissions of a new vehicle, one year will bring 

an improvement of 3% (the 6% new vehicles with half the emissions). Therefore, 

halving emissions will take at least ten years, after the first introduction of clean 

vehicles. Since a number of old vehicles with high emissions remain in the fleet, the 

improvements from the influx of clean vehicles is somewhat limited. It takes more 

than half the fleet replaced for half the effect on the emissions. 

 

For example, in 2016 we are now seeing the major out flux of Euro-2 vehicles, sold 

from 1996 to 2000 (i.e. 16-20 years later), and a diminishing but still significant 

number of Euro 3 and 4 vehicles. These are currently being replaced by a growing 

number of Euro 6 vehicles. The number of poorly performing Euro-5 vehicles, which 

entered the market from 2009, will start to diminish more significantly from 2018, 

comprising roughly a third of diesel cars in 2018 and a fifth in 2022.  
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Figure 5 A simple representation of the influx of new vehicles and the effect on their fraction in 

the total fleet in a given year. This is based on a 6% replacement of the fleet per year, 

corresponding to an average lifetime of 17 years. 

 

The older vehicles tend to make larger contributions to the total emission than 

younger ones, so only at the tipping point of half the fleet of a certain build year 

being depleted, does the effect of the out flux start to offer benefits. It follows that if 

Euro-6 had been very effective in reducing the diesel NOx emission right from the 

start in 2015, the tipping point, with half the fleet complying with Euro-6 would be 

around 2025. However, the RDE legislation is compulsory for all vehicles from 

September 2019. It is very probable that manufacturers will wait till the latest 

possible date for complying with the complex and difficult demands of RDE. 

Consequently, only after about nine years will half the fleet be replaced with RDE 

legislation compliant vehicles, which is 2028. Therefore, it is expected that the 

major benefits of clean vehicles, say halving the emissions from the diesel car fleet, 

will occur in the window 2028 to 2035, depending on the effectiveness of vehicle 

legislation to reduce the real-world urban emissions of new vehicles. Combined with 

the vehicle replacement scenario above, a bandwidth is given in Figure 6. In the 

case of highly effective legislation a substantial reduction is already assumed with 

Euro-6, within the bandwidth of current measurements.   
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Figure 6 Different scenarios of reducing NOx emissions over time, based on the vehicle 

replacement scenario presented in the previous figure and different assumption for the 

emission of Euro-6 and RDE compliant vehicles. 

 

Combined with the evidence that the Euro-6 standard has not yet brought about the 

reductions expected, hope is now being placed that the RDE legislation will do so. 

This means the tipping point for improvement in emissions will be delayed by 

approximately 5 years (introduction of Euro 6 RDE), which brings the tipping point, 

where the majority of the fleet is clean and air quality improvements are fully 

realised back to post 2030.  

 

In the Netherlands older diesel vehicles are exported, due to increased road taxes 

being applied as vehicles age. This policy has had the effect of reducing the 

average lifespan of vehicles to about 8 years, thereby accelerating the fleet turnover 

and bringing forward improvements in air quality. As shown in Figure 5 the road tax 

system facilitates the rapid out flux of diesel vehicles through export, and this has 

particularly occurred in the last few years, since 2009.  

 

Therefore, the effects of diesel fleet renewal on air quality are observed much 

earlier in the Netherlands than in most other European countries, where the lifespan 

of vehicles has increased by about a year in the period 2005-2012 to 17 years. 

  

There is nothing in the UK Air Quality Plan which seeks to accelerate the fleet 

turnover of older more polluting diesel cars. On the contrary, the sale of diesel 

vehicles in the UK has increased, creating a fleet of long-lived new diesel cars, 

many of which will remain on the road beyond 2025. 

 

Hence, even though higher mileages are often driven in younger cars and the 

contribution of new cars to the total mileage is greater, the effect of vehicles sold 

ten years or longer ago on emissions remains a significant factor influencing air 

quality. 

 

Fleet renewal is therefore a key part in the air quality assessment and a lag of ten 

years or more is not unusual.  
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Figure 7 The out flow of vehicles in the Netherlands. The road tax system ensures the rapid out 

flux of diesel vehicles through early export (green circle), especially since 2009. 

Therefore, the effects of diesel fleet renewal on air quality are observed much earlier 

in the Netherlands than in most other European countries. The lifespan of vehicles has 

increased by about a year in the period 2005-2012 to 17 years. 

6.2 Driving behaviour, speed limits, and congestion 

Another set of important influences on emissions is driver behaviour, speed limits, 

and congestion. 

 

Low velocities are associated with high emissions for three reasons:  

i) the large residence time on a road segment compared to a vehicle 

driving faster;  

ii) more braking and acceleration associated with this low average 

velocity, which is wasted energy and results in high fuel consumption 

and more emissions;  

iii) the low exhaust gas temperatures at low velocities makes it difficult for 

catalytic emission reduction technology to function at its optimum. 

Evidence shows that with velocities dropping below 50 km/h the 

emissions increase rapidly, to more than three times the value at 50 

km/h in heavy congestion. For Euro-6 cars emissions of 8 times the 

type approval limit have been recorded, with wide variability by make 

and model. 

 

Whilst average vehicle speed on road segments has been taken into account, there 

is no indication that the particular driving conditions within road segments has been 

taken into account in the case of the modelling predictions the UK Air Quality Plan. 
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 6.3 Vehicle usage and vehicle state 

Modern vehicles, with tailpipe exhaust gas emission levels far below the level of 

pollutants created in the engine, have complex after treatment technologies to 

achieve emission reductions of 80% and higher. These technologies fail from time 

to time, causing significantly higher emissions.  

 

A one in ten failure rate may result in a substantial increase in the average 

emissions. This is especially the case for the particulates filter, but to a lesser extent 

also for NOx emissions. For Euro-5 vehicles with particulates filter, a substantial 

number of failures are found. The 1 in 20 to 1 in 10 failure rate doubles the total 

emissions of the total vehicle category. For NOx reducing technology such evidence 

does not exist yet, so no evidence of failures can be gathered.  

 

So far, this factor has been of little relevance because NOx emissions are almost 

always high compared to the type-approval limits. However, with the introduction of 

RDE compliant vehicles in the RDE test, subsequent increasing emissions from 

failures, engine adjustments, deterioration, inferior replacement parts, etc. are a 

major concern and risk.  

 

If a periodic check-up, combined with legal enforcement was to be introduced, 

meaning that the proper state of emission control technology would be frequently 

tested, this risk would be much less. However, there are no such proposals at this 

time for in service maintenance of vehicles, meaning that this responsibility is likely 

to lie with vehicle owners and will not be enforced. 
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 7 Air quality across Europe and in the Netherlands 

Air quality problems are not unique to the UK. All across Europe urban NO2 

concentrations are high. Despite policy and legislative measures improvements 

have been limited in the last years There is an overall trend assumed, which varies 

somewhat from country to country. The UK Air Quality Plan can be compared 

against the assumptions other countries make for the future reduction of emissions. 

This will put the UK Air Quality Plan baseline scenario and the subsequent 

improvements into perspective. 

7.1 Small diesel fraction in the Netherlands 

The Netherlands has a lower fraction of diesel cars than the UK. Moreover, a 

comprehensive plan was put in place in 2008 to achieve compliance with limit 

values by 2015. Even so in 2015, a number of air quality problems still remained.  

 

These problems are mainly the result of succession of setbacks on the performance 

of new vehicle emission standards: 

- Starting with Euro-4 in 2009, this first significant setback in NOx emission 

reduction was reported. 

- Euro-V emission factors had to be increased three-fold in 2010. 

- In 2013, the Euro-5 emission factors were upped by a substantial amount. 

- This was followed by the preliminary emission factors for Euro-6 in 2014 

being increased.  

- In 2015 the emission factors for LCV’s were increased again; 

- and in 2016 emission factors for Euro-6 based on test data alone were 

increased overall compared to the previous 2014 estimate.  

 

Only the Euro-VI emission factors of 2014 were lower than previously estimated, 

The effect of the introduction of RDE legislation is expected also to lead to emission 

reduction. 

 

The Dutch air quality model is calibrated with air quality measurements. These 

measurements contain both background and street level results. The emission 

factors are matched with air quality predictions. This ensures that future predictions 

start from the proper baseline, based on the currently observed air quality situation.  

The Dutch emission factors provide a prediction close to the observed results.  

For the past years TNO had to increase the expected emission factors for 2015 and 

beyond, mainly because the promised positive effects of Euro 6 and legislation has 

not been achieved. In consequence, the measures, by local and national 

governments to achieve air quality standards have become more drastic over the 

years.  

 

For example, heavy-duty low emission zones have now existed for many years. 

Light-duty vehicle low emission zones are heavily debated, but have currently been 

introduced only in a number of large cities. The expected positive effect of a light-

duty low emission zone on NO2 concentrations is limited, as the newer diesel 

vehicles are only slightly cleaner than the older ones.  
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 7.2 Dutch emission factors update 2016 

The emission factors for air quality models are updated and published annually in 

the Netherlands. The 2016 updated values are shown in Table 6 below.  With the 

rather small share of diesel passenger cars in the Netherlands, it is expected that 

the emission factors for light-duty vehicles (passenger cars and LCV’s) in the UK 

would be about 60% higher than the Dutch average emission factors for light duty 

vehicles.  

 

In the Netherlands, substantial reductions of NOx and NO2 emissions due to RDE 

legislation are not expected until close to 2030. The emission factors of TNO are 

combined with the fleet development prognoses of the Planbureau voor the 

Leefomgeving
12

; a government institute which assesses the effects of national 

policies. In the Netherlands the emission factors in the table below are used for 

emission inventory and calculation of local air quality. The factors represent typical 

NOx emissions per vehicle class, per road and traffic type and for current and future 

years. 

Table 6 The emission factors for 2016 for the use in Dutch air-quality models. With the share of 

slightly less than 30% of diesel passenger cars in the Netherlands, a simular set of 

emission factors will be higher for other European countries including the UK (60%). 

 

                                                      
1 www.pbl.nl 

 

emission factors [g/km] year 2015 2015 2020 2020 2030 2030

NOx NO2 NOx NO2 NOx NO2

road and traffic type vehicle category 

urban congested Light duty [<3.5 ton] 0.565 0.139 0.41 0.119 0.191 0.053

Busses 7.053 0.83 2.649 0.419 1.097 0.378

medium heavy [3.5-20 ton] 11.493 0.653 5.719 0.444 1.755 0.318

heavy [> 20 ton] 14.753 0.77 5.583 0.629 2.083 0.595

urban normal Light duty [<3.5 ton] 0.381 0.093 0.297 0.086 0.142 0.04

Busses 4.408 0.519 1.656 0.262 0.686 0.236

medium heavy [3.5-20 ton] 7.029 0.391 3.519 0.271 1.087 0.197

heavy [> 20 ton] 9.006 0.465 3.44 0.389 1.296 0.372

urban free flow Light duty [<3.5 ton] 0.369 0.086 0.266 0.073 0.124 0.032

Busses 3.161 0.372 1.184 0.187 0.487 0.168

medium heavy [3.5-20 ton] 4.868 0.264 2.455 0.188 0.764 0.139

heavy [> 20 ton] 6.222 0.317 2.403 0.274 0.916 0.264

rural Light duty [<3.5 ton] 0.3 0.088 0.25 0.081 0.113 0.036

Busses 2.588 0.3 1.022 0.163 0.441 0.145

medium heavy [3.5-20 ton] 4.492 0.253 2.258 0.192 0.88 0.145

heavy [> 20 ton] 4.994 0.291 1.992 0.252 0.804 0.238

motorway average Light duty [<3.5 ton] 0.402 0.124 0.315 0.108 0.129 0.043

medium heavy [3.5-20 ton] 3.158 0.28 1.455 0.169 0.506 0.12

heavy [> 20 ton] 3.326 0.272 1.187 0.209 0.568 0.186

motorway congested Light duty [<3.5 ton] 0.491 0.151 0.403 0.137 0.167 0.055

medium heavy [3.5-20 ton] 6.465 0.448 2.977 0.265 0.817 0.188

heavy [> 20 ton] 7.882 0.419 2.8 0.377 1.147 0.373

motorway 80 km/h strict speed limit Light duty [<3.5 ton] 0.268 0.077 0.222 0.073 0.095 0.03

medium heavy [3.5-20 ton] 3.088 0.277 1.423 0.167 0.499 0.119

heavy [> 20 ton] 3.239 0.269 1.156 0.205 0.557 0.182

motorway 80 km/h no strict speed limit Light duty [<3.5 ton] 0.283 0.083 0.213 0.061 0.114 0.026

medium heavy [3.5-20 ton] 3.088 0.277 1.423 0.167 0.499 0.119

heavy [> 20 ton] 3.239 0.269 1.156 0.205 0.557 0.182

motorway 100 km/h strict speed limit Light duty [<3.5 ton] 0.301 0.092 0.231 0.079 0.103 0.034

medium heavy [3.5-20 ton] 3.088 0.277 1.423 0.167 0.499 0.119

heavy [> 20 ton] 3.239 0.269 1.156 0.205 0.557 0.182

motorway 100 km/h no strict speed limit Light duty [<3.5 ton] 0.333 0.102 0.256 0.088 0.111 0.037

medium heavy [3.5-20 ton] 3.088 0.277 1.423 0.167 0.499 0.119

heavy [> 20 ton] 3.239 0.269 1.156 0.205 0.557 0.182

motorway 120 km/h speed limit Light duty [<3.5 ton] 0.417 0.129 0.312 0.107 0.127 0.042

medium heavy [3.5-20 ton] 3.088 0.277 1.423 0.167 0.499 0.119

heavy [> 20 ton] 3.239 0.269 1.156 0.205 0.557 0.182

motorway 80 km/h speed limit Light duty [<3.5 ton] 0.466 0.146 0.344 0.118 0.135 0.045

medium heavy [3.5-20 ton] 3.088 0.277 1.423 0.167 0.499 0.119

heavy [> 20 ton] 3.239 0.269 1.156 0.205 0.557 0.182
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 On the other hand, it must be observed that the improvements of emissions of 

heavy-duty vehicles, trucks and buses are expected to be substantial from 2020 

onwards. These emission factors in The Netherlands are based on conservative 

estimates. Both COPERT and HBEFA use  lower values than these estimates 

based on the emission testing up to 2013 of the first Euro-VI vehicles. This 

discrepancy is based on expert judgment whether the emissions of Euro-VI heavy-

duty vehicles remain at the initial level. 

 

The scenarios for 2020 and 2030 above in Table 6 can be compared with the 

vehicle renewal scenario shown in Figure 6. The trend is faster than the medium 

effective legislation scenario. This is due to two effects in the Netherlands, which 

are not common to the UK or most other European countries. First, diesel 

passenger cars are exported early, and second, there is a further reduction of the 

diesel share expected in the fleet for 2025 and beyond.  

 

For the UK Air Quality Plan it would be more appropriate to compare to other 

scenarios, where the optimistic emission factors for Euro-6 and Euro-VI are factored 

in. The maintainer of HBEFA is the Swiss institute INFRAS, who also provides the 

prognoses of emission reductions for Switzerland. Their data provide a good 

comparison for the UK Air Quality plan for 2025 and 2030. 

7.3 Future emission reductions in Switzerland based on HBEFA  

The INFRAS institute published the emission prognoses based on HBEFA on-line 

(see www.hbefa.net, HBEFA 3.2, Update of Emission Factors for EURO 5 and Euro 

6 vehicles for the HBEFA Version 3.2, 17.7.2014). They show a substantial 

reduction of emissions in the years to come (See Table 7).  

Table 7 The prognoses for diesel fleet average emissions for Switzerland based on HBEFA. 

 
 

The air quality improvements in the UK Air Quality plan are more or less in line with 

these figures, although they appear to suggest a more dramatic reduction earlier, 

which would not be explained by these figures. With such reductions in traffic 

emissions between 2015 and 2030 the NO2 concentrations are likely to be reduced 

significantly. However the impending update of HBEFA shows that the emission 

factors for 2020 are likely to be approximately 50% higher for LCV’s and can be 

approximately 30 to 50% higher for trucks. Therefore, with the exception of trucks, 

where a one third reduction would still be forecast between 2015 and 2020, little or 

no improvement is expected by 2020.  

 

This impending change in 2020 is not an isolated change. Changes will also affect 

the result in the years 2025 and 2030. Assuming a vehicle renewal rate of 6% per 

year, more than 60% of the fleet responsible for the traffic emissions in 2020 will still 

be on the road in 2025 and 30% in 2030.  

 

 

NOx [g/km] 2010 2015 2020 2025 2030

passenger cars 0.608 0.596 0.418 0.272 0.182

LCVs 1.182 1.03 0.775 0.497 0.327

Trucks 4.887 2.994 1.507 0.789 0.532
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 8 Conclusions 

Emission legislation provides the starting point for calculating the emissions of 

future vehicle fleets. However, proposed emission limits should no longer be taken 

at face value,  although the reduction in emission limits from one standard to the 

next is sometimes used as a first estimate for emission factors for future vehicle 

categories. A factor of 3 to 5 has generally been assumed between the official limit 

and the real-world performance. This conservative estimate no longer seems 

tenable based on the evidence for Euro-5 vehicles, particularly in urban conditions. 

With Euro-6 the evidence is also gathering that actual emissions are significantly 

higher than these conservative estimates. RDE legislation may bring much needed 

improvement in real-world emission performance but this legislation is still being 

negotiated, so the final outcome is unclear. 

 

There are a number of institutes in Europe who provide emission factors, which 

incorporate the effects of the changing vehicle fleet on emissions. The emission 

measurements are translated using emission models into normalized and 

standardized emission factors which can be used in national air quality models and 

national emission inventories. Both are part of the international obligations to 

monitor and improve the environment. 

 

There is always a delay from emission measurements to their visibility in air quality 

prognoses. As new Euro-6 vehicles enter the market the emission factors are 

expected to be updated. The emission factors of COPERT, used in the UK, are not 

updated yet and they are based on favorable results from testing the very first Euro-

6 vehicles. In the Netherlands, the emission factors have subsequently been 

updated and the new results are about 50% higher in the urban environment and 

more in heavy congestion. It is likely the same changes will show in the update of 

the emission factors in HBEFA and COPERT. Even following this update it is 

unlikely that the emission factors for Euro-6 will be finalized, as some uncertainty 

still remains. Euro-6 emissions factors are dominant for the air quality predictions 

for 2020-2025. Between 2025-2030 and beyond the effectiveness of the new RDE 

legislation will be of paramount importance for NO2 air quality improvement.  

 

There is always a great deal of optimism of the effectiveness of new legislation. For 

petrol cars and trucks, the promise of the legislation was fulfilled. However, for 

diesel passenger cars the last 25 years of legislation has brought little reduction in 

real-world NOx emissions. With RDE legislation, optimism has returned, bringing 

real hope that on-road testing will lead to reduced emissions. Two drawbacks are 

the late introduction date for this type of testing to be compulsory and the possible 

limitation of the applicability of the manufacturer’s type-approval RDE test for real-

world performance of on-road vehicles Even in an optimistic case, little benefit can 

be expected for air quality prior to 2025. 

 

The UK Air Quality plan is based on COPERT. However, the actual COPERT 

software is not used and little information is presented in the Plan about how 

COPERT is implemented in the latest air quality modelling. Apart from the vehicle 

fleet changing over time, traffic flows and congestion resulting in lower average 

velocity must be properly represented in the model to achieve a realistic result. 

Countries like the Netherlands, Norway, Sweden, France, Germany, Switzerland, 
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 and Austria opt for a more detailed model, where driving behavior is matched with 

the road type and established degree of congestion. The accuracy of the prediction 

of the emissions in each traffic situation is thereby improved. 

 

The UK does not use such detailed information as it is not part of COPERT. 

Moreover, it is uncertain if the UK implementation of COPERT makes the most of 

the accuracy which can be achieved by having an accurate local vehicle velocity, 

instead of using average speed data. For the same average velocity the predictions 

can vary easily up to 40% with the road type. These types of uncertainty are hidden 

in the large and complex implementation in the PCM, for which very little detail is 

available.  

 

With traffic congestion the emissions are substantially higher per vehicle. Assigning 

the proper emission factors to the level of congestion and determining the different 

levels of congestion on the road network is therefore essential to predict the 

emissions accurately. It is unclear to what extent the UK Air Quality Model does 

incorporate the effect of congestion. 

 

It is very likely, based on the positive initial estimates of the emission factors for 

light-duty Euro-6, heavy-duty Euro-VI and RDE compliant vehicles in COPERT that 

the ambient NO2 concentration estimated is too low, especially for the period 2020-

2030.  

 

Given the current emission measurement data available, actual emissions of Euro-

6/VI are likely to be 50% higher for light duty (including cars and vans) and 30 to 

50% higher for heavy duty vehicles in metropolitan areas like greater London than 

COPERT’s current estimates. In heavily congested conditions, emissions from 

Euro-6 cars can be 8 times the type approval limit, with very wide variability 

between makes and models. RDE compliant vehicles may enter the market only 

very late, from 2019-2020, which will delay their main positive effect on air quality to 

well beyond 2025. 
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 9 Literature and further information 

Since emission inventories (Pollutant Release and Transfer Registers) and air 

quality modelling are part of the international obligations: the Kyoto Protocol, the EU 

Water Framework Directive, the European Pollution Release and Transfer Register 

(E-PRTR) and various other UN and EU obligations, many of the emission factors 

and the methodologies are reported and the information is available on-line.  

9.1 COPERT emission factors 

COPERT emission factors are provided by EMISIA on www.emisia.com. 

The latest version v4.11 is reported in: 

 Methodology for the calculation of exhaust emissions, Ntziachristos, L., & 

Samaras, Z.. 

9.2 HBEFA emission factors 

HBEFA emission factors are provided by INFRAS on www.hbefa.net. 

The latest update (3.2) is reported in: 

  Update emission factors EURO-5 and Euro-6 vehicles for HBEFA version 3.2, 

Rexeis, M., Hausberger, S., Kühlwein, J., Luz, R. (Contributions by Ligterink, 

N.E. & Kadijk, G.A. , TNO)  

9.3 VERSIT+ emission factors 

VERSIT+ emission factors are provided by TNO on www.tno.nl and on 

www.emissieregistratie.nl. 

 

The latest update of the emission factors is reported in : 

  2016 Emission factors for diesel Euro-6 passenger cars, light commercial 

vehicles and Euro-VI trucks, report number TNO 2016 R 10304, 7 March 2016 

 

Further information can be found in: 

 On-road NOx and CO2 investigations of Euro 5 Light Commercial Vehicles, 

report number TNO 2015 R 10192.  

 Emissions of nitrogen oxides and particulates of diesel vehicles, report number 

TNO R 2015 10838. 

 Determination of Dutch NOx emission factors for Euro-5 diesel passenger cars, 

report number TNO 2012 R11099.  

 Investigations and real world emissions performance of Euro 6 light-duty 

vehicles, TNO 2013 R 11891.  

 Detailed investigations and real-world emission performance of Euro 6 diesel 

passenger cars, report number TNO 2015 R10702.  

 Emission performance of a diesel plug-in hybrid vehicle, TNO 2015 R 10858. 

 NOx emissions of Euro 5 and Euro 6 diesel passenger cars – test results in the 

lab and on the road, report number TNO 2016 R10083. 



 

 

TNO report | TNO 2016 R10520 | 14 April 2016  44 / 45  

  The Netherlands in-service testing programme for heavy-duty vehicle emissions 

TNO 2012 R 10753.  

 The Netherlands In-service emissions testing programme for heavy-duty 2011-

TNO 2013 R 10641. 

 HD Euro-V Truck PM10 and EC emission factors, TNO 2015, R 11041. 

 In-use compliance and deterioration of vehicle emissions, TNO 2015, R 11043. 

An overview of TNO emission measurements with vehicle make and model 

information was recently made available under the Freedom of Information Act in a 

report: 

 NOx emissions on road and in the lab, TNO 2016 R 10083. 

9.4 ERMES 

Further information can be found at the ERMES website www.ermes-group.eu. The 

European collaboration of institutes ERMES perform real-world emissions of mobile 

sources and determine emission factors. The ERMES group is chaired by JRC, the 

research institute of the European Commission. 

 

In particular, the joint statement from October 2015 provides an overview of the 

current status of NOx emissions of diesel vehicles in the light of recent events: 

 

 Information Paper - Diesel light duty vehicle NOx emission factors, ERMES, 

October 2015. 
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1.1 Introduction 

Emissions Analytics has been commissioned by Gatwick Airport Ltd to review the robustness 
of the air quality predictions for the UK, as presented in the Air Quality Plan from the 
Department for Environment, Food & Rural Affairs (Defra).  The review has a particular focus 
on vehicle emissions, air quality in London, and the likely effects of the forthcoming new Real 
Driving Emissions (RDE) regulations. 
 
This report covers the changing regulatory environment, how vehicle technology is adapting 
to new regulations, the accuracy and representativeness of official emissions data, the effect 
of unregulated emissions and the role of emissions hot-spots in air quality compliance. 
 
In addition, Emissions Analytics was commissioned to conduct specific on-road testing around 
Heathrow and Gatwick in order to validate the real-world level of emissions from Euro 6 diesel 
cars in these locations. 
 
The conclusions of the report suggest that, of Defra’s modelled scenarios, the alternative 
scenario, which assumes higher emissions from Euro 6 diesel cars, is most likely to represent 
a more realistic prognoses of the forward evolution of air quality in the UK. 

1.2 Background on Emissions Analytics 

Founded in 2011, Emissions Analytics is a vehicle emissions and fuel efficiency data analysis 
and testing firm.  It is headquartered in the UK with a subsidiary in the USA.  It measures and 
tracks real-world air quality, greenhouse gas emissions and fuel economy as an alternative 
currency to the official figures. 
 
The motivation for establishing the company was the belief, based on growing circumstantial 
evidence, that vehicle emissions were in reality higher than was being reported, to the 
detriment of consumer fuel bills, greenhouse gas emissions and urban air quality.  Official 
figures were giving a rosy picture of rapidly falling CO2 emissions, while the Euro standards 
were being relied upon to take care of the NOx emissions.  However, these figures gave an 
over-optimistic impression, which dated back over ten years but which was also getting worse. 
 
To understand the real-world emissions, Emissions Analytics conducts its testing exclusively 
using on-board tailpipe measurement with commercially available Portable Emissions 
Measurement Systems (PEMS).  This activity contrasts with the artificialities of laboratory 
testing, yet a similar level of data precision is achieved.  Emissions Analytics has rolling test 
programmes in the UK and USA, testing around 400 vehicles per year. 
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Key achievements include: 
 

 World’s largest independent in-service test programme 

 Largest commercially available database of real-time emissions data 

 Over 1,200 vehicles tested to date 

 Clients including vehicle and engine manufacturers, Tier 1/2 suppliers and 
petrochemical companies 

 Membership of working groups on new EU regulations. 

1.3 Structure of report 

This report first covers the baseline and alternative scenario predictions in Defra’s Air Quality 
Plan in the context of the known disparity between official figures for vehicle emissions and 
real-world effects.   
 
The following section then considers the Air Quality Plan’s modelled “plan scenario” – the 
scenario that incorporates the potential benefits of the new Real Driving Emissions (RDE) type 
approval process, which is due to come into operation between 2017 and 2021.  This section 
in particular considers uncertainties in the forecast benefits of RDE for vehicle emissions.  The 
findings of the on-road validation testing of emissions from vehicle journeys on roads in the 
Heathrow and Gatwick areas are included as the final part of this section. 
 
Finally, the report concludes by assessing which scenario is more likely given the empirical 
data available. 
 
Throughout the report, references to “emissions” means those of nitrogen oxides (NO and 
NO2, known as NOx) unless otherwise stated.  Greenhouse gas emissions are not considered 
in this report. 
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2.1 Defra’s Air Quality Plan baseline predictions 

Vehicle emissions predictions in Defra’s Air Quality Plan are based on the COPERT1 traffic 
planning model.  The forecast reductions in emissions compared to the previous Air Quality 
Plan, and consequently the fewer non-compliant air quality zones, are understood to be 
principally as a result of using the latest version of COPERT, v4.11, rather than the previous 
v4.10.  The latest version incorporates data, albeit still relatively limited, from a number of 
early Euro 6 vehicles2. 
 
In addition, it is understood that a factor has been included in COPERT to estimate the typical 
disparities between type approval values and real-world emissions, as shown in the graph 
used by Defra in its plan. 
 
Chart 1: COPERT-based predictions3 
 

 
 
This shows that for Euro 5 and 6 petrol engines, COPERT’s forecasts are around one-third of 
the Euro standard, while for diesel engines the conformity factor is 3.5 for Euro 5 and 2.8 for 
Euro 64. 
 
This report has not sought to examine the accuracy, of otherwise, of the emissions factors in 
COPERT v4.11.  This is, however, being considered in a separate report being prepared by TNO. 

2.2 Disparity between real-world and laboratory emissions results 

The disparity between real-world NOx emissions and the laboratory type-approval values is 
increasingly well known.  For a period, this was only suspected through the circumstantial 
evidence of urban air quality not improving, despite the ever-tightening Euro regulatory 
standards. 
 
The wider adoption of on-board emissions testing using PEMS equipment, such as Emissions 
Analytics’ testing, brought proof of the wide gap between official data and real-world 
emissions.  One of the first reports containing such proof was published by the International 
Council on Clean Transportation in October 2014 entitled Real-world Exhaust Emissions from 

                                                 
1 COmputer Programme to calculate Emissions from Road Transport 
2 Believed to be fewer than 10 Euro 6 diesel cars 
3 Defra’s Improving air quality in the UK Technical Report, 2015, Figure 6.1 
4 According to an information request from the London Borough of Hillingdon 
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Modern Diesel Cars5.  It studied 15 Euro 6 diesel vehicles with data submitted from five 
different sources, including Emissions Analytics, and covering six different manufacturers. 
 
The average “conformity factor” (ratio of real-world NOx emissions in g/km to type approval 
value) across these vehicles was 7.1, demonstrating clearly the suspected large discrepancies.  
Around that mean, there was a large variation, from 1.0 to 25.4.  Therefore, for the same Euro 
certification level, one vehicle matched the type approval result in real-world driving yet 
others were over by large factors.  The cleanest vehicle was operating a selective catalytic 
reduction6 (SCR) after-treatment system, but nevertheless there was not a clear correlation 
between emissions level and the type of after-treatment system. 
 
Numerous other reports have created a growing body of literature that evidences these 
disparities, and which is quoted elsewhere in this report. 

2.3 Disparity between real-world emissions and COPERT forecasts 

As discussed above, COPERT includes adjustment or conformity factors to reflect the disparity 
between type approval values and its modelled forecasts.  While such adjustment factors can 
potentially have the effect of aligning the mean NOx emissions to real-world, they do not 
address a further important issue, which is the disparity at the instantaneous second-by-
second level, as shown in the graph below. 
 
Chart 2: Comparison of COPERT to PEMS data at instantaneous level 

 
 
The red line describes the speed profile of a typical urban route (right hand axis).  The green 
line is the instantaneous NOx emissions as measured by a PEMS unit.  By contrast, modelled 
COPERT values are shown in blue.   
 
As COPERT is based on speed-dependent emissions functions, it does not pick up the spikes in 
NOx emissions under acceleration.  This is particularly an issue for understanding emissions 

                                                 
5 Vicente Franco, Francisco Posada Sánchez, John German, and Peter Mock. (2014), Real-world Exhaust 
Emissions from Modern Diesel Cars: A meta-analysis of PEMS emissions data from EU (Euro 6) and US (Tier 2 
Bin 5/ULEV II) diesel passenger cars. 
6 Active injection of urea into the hot exhaust that converts NOx to less noxious products 
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hotspots, for example around junctions and in congested locations, where COPERT may 
underestimate the air quality impact. 
 
It should be noted that COPERT was not designed as an instantaneous model, but rather to 
estimate emissions over road segments with a particular average speed.    Taking the cycle in 
Chart 2 as an example, the average COPERT prediction over the whole urban cycle is 
approximately equal to the average emissions as measured by PEMS.  However, the 
instantaneous peak emissions measured by PEMS are around ten times higher than the 
COPERT estimation at the same point.  This emphasises the limitations of COPERT as the basis 
of modelling short sections of road where there is high congestion, which is characteristic of 
many areas with problematic air quality. 

2.4 Emissions Analytics’ test programme 

Emissions Analytics conducts a rolling programme of real-world testing of NOx emissions on 
around 200 passenger cars per year in Europe.  This is a non-statutory programme aimed at 
tracking emissions performance in normal driving conditions on the public highway.  The data 
is owned by Emissions Analytics and is subscribed to by governments, regulators and 
manufacturers to understand in-use behaviour, as the complement to type approval results. 
 
The test protocol is tightly controlled to ensure comparability between the results for different 
models tested on different days.  To this end, the test route is kept consistent, the pre-
conditioning of the vehicle (e.g. warm-up cycle) and added weight (equipment and 
passengers) are the same, ambient conditions must lie within certain ranges (including no 
water on carriageway) and driving is always by Emissions Analytics’ technicians to a set 
protocol. 
 
This contrasts with the proposed RDE type approval programme, where each manufacturer 
constructs a test route within certain rules.  These rules cover the mix of urban, rural and 
motorway driving, average speeds within each, added weight, and so on.  Therefore, there is 
a level of consistency between each test cycle, but not as tight as with the consistent Emissions 
Analytics’ cycle.  As a result, the type approval system will include a range of post-test validity 
checks that will verify conformity with certain criteria, but importantly will exclude certain 
portions of the tests where the driving falls outside “boundary conditions” that define normal 
driving.  The definition of normal driving is still subject to discussion, but could potentially 
exclude some driving conditions that would be considered “normal” to an average driver. 
 
While Emissions Analytics’ tests have post-test validity checks, less reliance has to be put on 
them to standardise the results due to the control of the test protocol in the first place.  
Overall, however, results from Emissions Analytics’ tests are expressed in a format consistent 
with the RDE protocol, and therefore results can be compared. 

2.5 Scenarios in Defra’s Air Quality Plan 

In simple terms, there are three modelled scenarios in Defra’s Air Quality Plan, resulting in 
significantly different patterns of air quality compliance across the UK by 2020.  The derivation 
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of the compliance statistics is outside of the scope of this report, so comments will only be on 
the underlying emissions assumptions. 
 
The three scenarios are: 
 

1. Baseline scenario: A “business as usual” scenario with emissions factors from COPERT 
including 2.8-3.5 times up-weight factors for Euro 5 and Euro 6 diesel cars to reflect 
real-world emissions 

2. Alternative scenario: Offers a less optimistic outlook than the baseline scenario by 
assuming that real-world emissions for Euro 6 diesel cars are five times higher than 
“estimated test emissions”7 

3. Plan scenario: A scenario which adds predicted benefits of measures proposed in the 
Air Quality Plan to the baseline scenario predictions. 

 
The forecasts in all three scenarios are based on COPERT v4.11. 
 
All scenarios embody an adjustment for the disparity between official NOx values and real-
world emissions.  The degree of this disparity is central to judging which scenario is more 
realistic. 
 
Neither of the first two scenarios assumes the introduction of RDE, but the plan scenario does 
assume benefits from RDE in its predictions for air quality concentrations in the Air Quality 
Plan for London. 

2.6 Future trend in emissions disparity 

Encouragingly for the prospects of meeting air quality improvement targets, even the earlier 
phase, pre-RDE Euro 6 diesel cars, are showing significant reductions in NOx emissions 
compared to Euro 5 equivalents. 
 
Considering all diesel cars tested by Emissions Analytics, the average emissions and 
conformity factors are as follows. 
 
Table 1: Average real-world NOx emissions by Euro stage 
 

 Average NOx 
(g/km) 

Regulated level 
(g/km) 

Average 
conformity factor 

    

Euro 5 0.772 0.180 4.3 

Euro 6 0.282 0.080 3.5 

 
Therefore, average real-world tailpipe emissions for Euro 6 are 63% lower than for Euro 5. 
 
However, the ratio between official and real-world results shows a much slower 
improvement, with the average conformity factor only falling from 4.3 for Euro 5 to 3.5 for 

                                                 
7 The Air Quality Plan is not fully clear on whether this is five times type approval values or five times the 
COPERT values, but it is believed to be the former. 
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Euro 6.  Nevertheless, a conformity factor of 3.5 shows a large improvement on the very early 
Euro 6 diesels in the International Council on Clean Transportation Study from 2014, which 
showed the average conformity factor of 7.1. 
 
Plotting the conformity factor results for individual vehicles on a time series chart, the trend 
in improvement can be seen. 
 
Chart 3: Time series of real-world NOx conformity factors 
 

 
 
The solid line represents each individual result, while the dotted line shows the 12-month 
rolling average of results, to show the trend better. 
 
There was a step-change in performance around the second quarter of 2014, but since then 
there has been little further improvement in the average conformity factor.  The chart also 
illustrates the variability between vehicle models, which are typically tested when they are 
first launched.  In 2015, the highest conformity factor for a Euro 6 diesel was 14.4 and the 
lowest was 0.5.  So, although the average NOx emissions are falling, there is still significant 
variability and hence uncertainty as to future trends. 
 
Extrapolating the chart forward, there are likely to be modest further improvements in NOx 
emissions now that the final Euro 5 vehicles have gone off sale, albeit these vehicles will 
continue to represent a sizeable proportion of the vehicle fleet until well into the 2020s. 
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The next step-change in emissions reduction will then happen as Euro 6c compliant vehicles – 
type approved according to RDE – come onto the market.  The non-binding “monitoring 
phase” of the new regulations in 2016 may encourage these models to be brought to market 
sooner. 
 
Given the importance of NO2 emissions to air quality targets, the real-world values from the 
Emissions Analytics’ database are also shown below to complete the picture.  The issues and 
uncertainties around NO2 emissions are discussed more fully in the next section. 
 
According to the Emissions Analytics database, the average NO2 emissions for Euro 6 diesels 
are 64% lower than for Euro 5.  This is almost exactly the same proportionate reduction as for 
NOx overall, hence the NO2-fraction remains similar. 
 
Table 2: Average real-world NO2 emissions by Euro stage 
 

 Average NO2 
(g/km) 

Average NO2-
fraction 

   

Euro 5 0.353 44% 

Euro 6 0.128 43% 

 
 
A plot of NO2 (in g/km) over time is shown below.  There again was a step-change in 
performance in the second quarter of 2014, and recent trends have been for gently improving 
emissions levels.  However, the average NO2 levels in real-world driving remain above the 
official limit 0.08 g/km for NOx overall, as shown in the chart below. 
 
Chart 4: Time series of real-world NO2 emissions in g/km 
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2.7 Validation testing at Heathrow and Gatwick 

As further validation of the likely real-world NOx emissions around Heathrow and Gatwick, a 
test programme was commissioned with two parts.  First, a popular Euro 6 diesel vehicle was 
selected and driven on typical routes around Heathrow and Gatwick.  Second, the same drive 
cycles were used to simulate NOx emissions by using information from the Emissions Analytics’ 
database containing results on around 50 Euro 6 diesel vehicles. 
 
The vehicle selected was a Ford Focus 1.5 litre 118 bhp Euro 6 diesel, with six-speed manual 
transmission.  The Focus is a high selling model in the UK in a mainstream vehicle segment.  
The after-treatment system was a Lean NOx Trap. 
 
At Heathrow, fifteen routes were defined, as summarised in the table below. 
 

Route Number Distance 
(miles) 

Length 
(seconds) 

Average 
speed 
(mph) 

    

1 4.7 464 36 

2 2.3 223 37 

3 5.4 560 34 

4 5.3 589 32 

5 5.1 566 33 

6 3.9 544 26 

7 5.1 765 24 

8 5.7 910 22 

9 5.4 373 53 

10 3.3 317 37 

11 7.5 1,688 16 

12 5.4 920 21 

13 5.2 295 63 

14 7.2 1,244 21 

15 6.5 742 32 

Total 77.9 10,200 28 

 
Each route was designed to reflect a typical journey to or from Heathrow or a typical through 
journey that would occur on roads close to Heathrow.  The selection of routes covers a mix of 
different road types – including motorways and A-roads as well as the immediate access links 
– and consequently a range of speeds and dynamic driving. 
 
The complete set of routes was tested outside of rush hour and then again in rush hour (rush 
hour being defined typically as 7am to 9am and 5pm to 7pm).  The average speeds in the table 
above relate to the non-rush-hour test.  The tests were conducted by Emissions Analytics with 
its standard on-board testing equipment and test methodology, as used to create the data 
cited elsewhere in this report. 
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The results of the test for Heathrow were that the vehicle achieved NOx emissions equivalent 
to a conformity factor of 5.1 out of rush hour and 6.5 in rush hour.  Therefore, the emissions 
were 27% higher in rush hour.  If rush hour is a proxy for increased congestion more generally, 
this supports the contention above as to the upside risk around forecasts in the baseline 
scenario. 
 
The second part of the analysis took the road mix from the 15 Heathrow cycles and applied 
that to the Emissions Analytics’ database of Euro 6 diesel vehicles, in order to derive a 
modelled conformity factor across a wider range of vehicles.  The road mix was 42% urban, 
39% rural and 19% motorway by distance, using the RDE definitions.  Applying that mix to the 
database, the average conformity factor reduced to 4.0. 
 
The same process was then repeated on ten selected of routes into and out of Gatwick, shown 
in the table below.  The same Ford Focus as tested at Heathrow was used. 
 

Route Number Distance 
(miles) 

Length 
(seconds) 

Average 
speed 
(mph) 

    

1 1.4 147 35 

2 2.9 285 36 

3 6.0 609 35 

4 2.9 305 34 

5 3.6 381 34 

6 4.2 489 31 

7 8.8 1,345 24 

8 4.1 510 29 

9 3.6 427 30 

10 3.2 470 25 

Total 40.7 4,968 29 

 
The result was a conformity factor of 5.1 out of rush hour and 5.5 in rush hour.  Therefore, 
emissions were 8% higher in rush hour, suggesting – on a sample of one vehicle – that Gatwick 
may currently be less susceptible to the higher emissions caused by peak-time traffic flow. 
 
The road mix of the Gatwick cycles was 48% urban, 49% rural and 3% motorway by distance.  
Modelling the results through the Emissions Analytics’ database, the average overall 
conformity factor for the Gatwick journeys was also 4.0.   
 
Together, these results and modelling help validate the hypothesis that the 2.8 conformity 
factor for Euro 6 diesels in the baseline scenario is unrealistically low.  It further highlights the 
risk that in the event that roads get busier (i.e. conditions in rush hour extend for longer 
durations) the average conformity factor would be likely to increase upwards from 4.0. 
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2.8 Conclusions on the baseline predictions 

Based on the extensive real-world test information from the Emissions Analytics database, it 
is immediately questionable whether the Defra’s modelled baseline scenario is realistic, as the 
assumed conformity factor of 2.8 for Euro 6 diesels is lower than the observed average 
conformity factor of 3.5.  Added to this, COPERT may further underestimate emissions under 
the congested conditions often found in urban driving, which would increase the effective 
conformity factor further.  Finally, the real-world fraction of NOx than is emitted as NO2 is 13% 
points higher than assumed in COPERT, which does not affect the conformity factor but it 
likely to represent a further degradation to air quality. 
 
These hypotheses are supported by the on-road validation testing conducted on typical routes 
into and out of Heathrow and Gatwick.  Specifically, the data supports the view that real-world 
driving leads to emissions significantly higher than the 2.8 conformity factor assumed in the 
baseline scenario, and that the real-world conformity factor can be higher still in congested 
driving. 
 
These points combined suggest that, not only do Euro 5 and current Euro 6 diesel cars have 
average real-world conformity factors above the value incorporated into COPERT, there are 
additional considerations that would act further to increase the effective conformity factor 
towards the factor of five that has been applied by Defra in the alternative scenario. 
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3.1 Air Quality Plan’s plan scenario and additional measures 

The Air Quality Plan puts forward a modelled plan scenario that predicts a lower rate of non-
compliance in 2025 and which is also predicted to bring forward the date for compliance in 
London from 2030 (in the baseline scenario) to 2025.  The introduction of RDE is assumed in 
this plan scenario for London.  In addition, a range of additional measures are assumed in 
London and some other cities. 
 
Five cities will have mandatory Clean Air Zones (CAZs), where charges will be introduced to 
discourage vehicles that do not meet the CAZ emission standards.  The Air Quality Plan defines 
four classes of CAZ.  The difference between the classes lies in the type of vehicles that the 
CAZ emission charges will apply to.  The classes range from Class A, which will discourage 
certain older types of buses and coaches, to Class D which would apply to all older vehicles 
types except two and three-wheeled vehicles.  In Greater London the Air Quality Plan 
proposes a tightening of the existing London wide Low Emission Zone so that it is equivalent 
to either a Class B or Class C CAZ. 
 
The Mayor of London has also announced his plan to introduce an Ultra Low Emission Zone 
(ULEZ) for the central London Congestion Charge Zone in 2020.  The ULEZ is equivalent to a 
Class D CAZ, so will involve charges for certain types of private cars beyond the congestion 
charge.  However, Euro diesel 6 cars and diesel cars that meet the forthcoming RDE standard 
would be exempt from any ULEZ charge.  It may be assumed, therefore, that the ULEZ charge 
would discourage some drivers of older Euro 5 and earlier cars from entering it and that the 
effectiveness of RDE will be a factor that has direct bearing on the effectiveness of the ULEZs 
in improving air quality. 

3.2 Potential benefits of Real Driving Emissions 

The new RDE regulations for NOx offer the prospect of closing the gap between real-world 
emissions and the regulated thresholds.  The prior trend has been to reduce the regulated 
limit, for example from 0.25 g/km at Euro 4 for diesels, to 0.18 g/km at Euro 5.  However, real-
world emissions did not fall between these two Euro stages as there were many flexibilities 
built into the test protocol, and manufacturers made progressively greater use of these 
flexibilities and the dissonance between the official test cycle and real-world driving. 
 
RDE seeks to solve this problem, not by reducing the regulated limit, but by adding a further, 
more stringent test to the protocol.  In addition to the current chassis dynamometer 
laboratory test, each vehicle type will need to meet the limit on a real-world, on-road PEMS 
test as well.  To meet this requirement, manufacturers are likely to have to augment the after-
treatment systems on the vehicles and calibrate the engines to produce lower NOx even in 
transient, real-world operation.  This regulatory stage is known as “Euro 6c”. 
 
From September 2017 all new model “types” (broadly, model ranges) launched will need to 
meet the regulated limit, which is 0.08 g/km.  Within a further two years, by September 2019, 
every new vehicle sold in Europe will need to comply. 
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To smooth the introduction, however, there will be a “conformity factor” which will give a 
tolerance around the on-road PEMS result.  Initially, this will be 2.1.  As a result, an on-road 
result of 0.168 g/km would still be compliant.  From 2020, this factor is due to fall to 1.5, or 
0.12 g/km.  Further, it is proposed by the European Commission that there will be an annual 
review of the conformity factor, with a view to further tightening, although the details of this 
process have yet to be set out. 
 
The rationale for the conformity factor is that there is test-to-test variability of PEMS 
measurements.  While precision of PEMS equipment is around +/-3%, studies by the Joint 
Research Centre of the European Union and others suggest the total variability is around 20-
30% due to the effect of variables such as weather conditions and traffic flow.  This implies 
that a conformity factor of 1.3 would be required to ensure that a vehicle with emissions 
within the regulated limited could not be found non-compliant in real-world testing.  The 
additional 0.8 conformity factor (from 1.3 to 2.1) has been granted so that, in the first phase, 
vehicles can achieve compliance largely with software, rather than hardware, changes. 
 
Nevertheless, RDE has the potential to reduce significantly both the mean real-world NOx 
emissions and reduce the spread so that excessive emitters are no longer permitted. 

3.3 Uncertainties with Real Driving Emissions 

Despite the legislative progress towards RDE, it is not yet in place.  However, with the 
European Parliament voting not to block its introduction in early February, the risk of it not 
being introduced now seems low. 
 
There are, however, a number of other material uncertainties about how effective RDE will 
prove to be over the short-, medium- and long-term: 
 
a) Manufacturer strategies around the conformity factor 
 

In many cases, where there are trade-offs between NOx emissions and fuel 
consumption, there is an incentive to allow NOx to rise as high as legally possible in 
order to deliver the best miles per gallon. 
 
Therefore, manufacturers may decide to allow NOx to rise close to the limit implied by 
the 2.1 conformity factor in real-world driving (168 g/km), rather than to aim for the 
0.08 g/km official limit.  Given the test-to-test variability of PEMS testing, a 
manufacturer would have to aim below 168 g/km to avoid the risk of non-compliance 
in practice.  At 30% variability, this would imply an aim of 129 g/km, which is equivalent 
to a conformity factor of 1.6.  If all manufacturers took this approach, real-world 
emissions would be 60% higher than the regulated level. 
 
Emissions Analytics data suggests that 29% of Euro 6 vehicles currently on the market 
– i.e. pre Euro 6c – would meet this 129 g/km implied target.  Therefore, these vehicles 
could be engineered to show no improvement until the tighter conformity factor 
comes into force from 2020, potentially to enable better fuel economy in that period. 
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This does not suggest that manufacturers with the current cleanest cars will 
necessarily do this, but it is a possibility within the framework, and may lead to a delay 
in the effect of RDE until 2020 and later. 

 
b) Test cycle boundary conditions 
 

As each manufacturer is designing its own RDE test cycles, and will conduct the type 
approval tests together with designated test houses, it will be necessary to validate 
that the test as driven represents normal driving, rather than being too gentle in 
driving style or with the wrong mix of road types. 
 
While many factors, such as average speeds and road type mix, are relatively easy to 
specify and verify, others are not.  For example, an RDE cycle of the correct average 
speed may be achieved with very gentle driving.  In order to avoid this, some additional 
“boundary conditions” have been proposed, for example in regard to the relative 
positive acceleration (RPA) and the product of speed and positive acceleration (v * 
a_pos).  Checking that each test does not have excessively high or low values in these 
dimensions would be a way to ensure consistency. 
 
The potential issue for the efficacy of RDE is that if the boundary conditions are set at 
average levels more gentle than normal driving would suggest, it would have the effect 
of making the test easier by not fully reflecting the range of driving conditions, without 
any change to the regulated NOx level of conformity factor. 
 
The final boundary conditions have yet to be negotiated, and will likely be agreed 
between European Commission officials and motor manufacturers.  Consequently, 
there is uncertainty at this stage, but it is hard to quantify. 

 
c) In-service surveillance 
 

Currently there is very little in-service surveillance of vehicle emissions.  Current legal 
provisions leave the responsibility largely to EU member states, but only a smaller 
number of countries conduct any regular testing.  As a result, the greater activity is 
from bodies such as the International Council on Clean Transportation and Emissions 
Analytics. 
 
The EU is in the process of updating the type approval legal structure alongside the 
new RDE regulations, which make provision for more active in-use surveillance.  In 
regard to NOx surveillance, this is a follow-on package from the revisions to type 
approval, and therefore discussions are only commencing now.  Therefore, there is 
currently uncertainty about how extensive and strict the in-use surveillance will be, 
and from when it will be introduced. 
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d) Cold start 
 

When a diesel vehicle starts from the engine being cold, it will typically emit higher 
NOx for 10 to 15 minutes until it is fully warmed up.  While gasoline vehicles also have 
a cold start phase, the increment is from a lower base and for a much shorter time. 
 
For diesels, according to Emissions Analytics’ data, NOx emissions are 41% higher 
during the cold start phase compared to when warmed up for Euro 5 vehicles, and 92% 
higher for Euro 6 vehicles.  Discussions are on-going as to how to represent cold start 
in the RDE regulations. 
 
Cold start is particularly relevant for air quality in urban areas where there may be a 
larger number of shorter journeys from cold, e.g. when people leave for work in the 
morning.  If the cold start phase makes up a larger proportion of total journey time, 
the total NOx emissions will be higher.  A particular concern would also be many 
vehicles starting from cold from car parks at places of work and town centres, where 
a large proportion of the journey away from such locations is while the car is warming 
up.  This could well also apply to locations such as airports. 
 

e) Diesel particulate filter regeneration 
 
Regeneration of the diesel particulate filter (DPF) is a feature of diesel vehicles from 
Euro 5 onwards.  The DPFs are installed to capture solid particles in order to meet 
regulations on particle mass and number.  The issue is that they require periodic 
emptying, which is achieved by burning the particles and releasing ash.  During that 
period, NOx emissions are raised as well.  For Euro 5 diesels vehicles, NOx are increased 
by 36% during this phase. 
 
As a result, if this process of regeneration happens regularly in certain types of places, 
emissions hot-spots could be created that would not be predicted by official 
regulations or transport models.  Most commonly, the process of regeneration 
happens on the motorway, although it can also happen in urban driving.  This is 
therefore a further area of uncertainty. 

3.4 Other uncertainties in emissions 

If the new type approval and RDE protocols address successfully all the issues listed above, 
the effect would be significant reductions in real-world NOx emissions, even though significant 
uncertainties currently remain.  However, even in that scenario, there are a number of 
additional uncertainties that could affect the achievement of urban air quality objectives. 
 
a) NO2 emissions 
 

As currently proposed, RDE will regulate only NOx emissions, whereas NO2 is most 
directly linked to negative health impacts.  Although NO oxidises to NO2 after a short 
period, the human roadside exposure to noxious emissions is largely in proportion to 
the primary NO2 emissions out of the exhaust pipe.  It is conceivable that vehicles could 
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demonstrate significantly reduced NOx emissions due to RDE, yet NO2 emissions may 
not reduce at the same rate.  As the ambient air quality targets are linked to NO2, such 
higher emissions of NO2 could make the air quality targets harder to meet. 
 
As a reference point, COPERT assumes that 30% of NOx is emitted as NO2, irrespective 
of speed for Euro 6 diesel cars. 
 
According to Emissions Analytics’ database, the average NO2-fraction for Euro 6 diesels 
is 43%, both in combined and urban-only operation.  Therefore, real-world NO2 
emissions may be 143% of COPERT predictions.  More importantly still, the NO2-
fraction varies significantly from manufacturer to manufacturer, with the lowest value 
12% and the highest 88%.  For example, Mercedes-Benz and Peugeot tend to deliver 
high fractions, while Hyundai and Nissan offer low fractions. 
 
In summary, if the vehicles typically travelling in urban areas have the higher NO2 
fractions, air quality targets may be missed despite Euro standards and COPERT 
suggesting otherwise. 
 

b) Road mix and driving style 
 

RDE NOx results are based on an equal weight of urban, rural and motorway driving.  
However, real-world driving in any given geographic area may not reflect that equal 
weighting.  In particular, urban driving tends to have lower average traffic speeds and 
more stopping and starting. 
 
Coupled with this, NOx is not best modelled as a function of speed, but rather engine 
load – which correlates well to acceleration and climbing hills.  Therefore, areas of 
urban driving with heavy congestion are likely to see higher NOx levels than models 
would suggest. 
 
From Emissions Analytics’ database it is possible see the average NOx emissions 
segmented by the type of driving: 
 
Table 3: Average real-world NOx emissions by road type and Euro stage 
 

Average NOx 
(g/km) 

Combined Urban Rural Motorway 

     

Euro 5 0.772 0.878 0.747 0.691 

Euro 6 0.282 0.361 0.233 0.250 

 
Urban NOx for Euro 6 is on average 28% higher than overall, and 44% higher compared 
to motorway driving.  This gives a guide to the sensitivity of NOx emissions to increases 
in traffic congestion and the number of stop and start events. 
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c) After-treatment system degradation 
 

The emissions levels of RDE must be adhered to up until 160,000 km on the odometer 
or five years of age of the vehicle, whichever comes first.  This is an extension to the 
current 100,000 km. 
 
There are two uncertainties relating to this, particularly in regard to the degradation 
of after-treatment systems on diesel vehicles.  Due to degradation, it is possible that 
NOx absorbing traps can no longer hold sufficient emissions, and for SCR systems that 
the accuracy or effectiveness of the urea injection falls below optimal levels.  How well 
these systems will perform in long-term, real-world use is an open question.  
Accelerated ageing studies have been performed in laboratories, but these cannot fully 
simulate real conditions over time. 
 
The first uncertainty is that there may be degradation within this durability window 
that is not picked up by whatever in-service surveillance programme is put in place 
(see comments above on such programmes).  The second uncertainty is that 
degradation happens after the durability window, which results in elevated emissions 
which are legal.  As the typical lifespan of most passenger car on the road in the UK is 
around 16 years, this could mean on average two-thirds of a car’s life could be 
operating in a potentially degraded state. 
 
A final point is that, if the after-treatment system fails for some reason, the increase 
in actual NOx could be very large, by multiple times. 

3.5 Issues with timing and degree of emissions reductions 

The two main factors with regard to timing are, firstly, when will the new tighter NOx 
regulations come into force, and, secondly, how quick will be the propagation of the new, 
cleaner vehicles through the car fleet.  An additional factor is when and how in-service 
surveillance will be introduced.  Forecasting the propagation of new vehicles through the fleet 
is outside of the scope of this report. 
 
Table 4: RDE timeline 
 

Milestone Date of introduction 
  
Monitoring phase 2016 – to be confirmed 
RDE with 2.1 conformity factor, for new type 1 September 2017 
RDE with 2.1 conformity factor, for all new vehicles 1 September 2019 
RDE with 1.5 conformity factor, for new types only 1 January 2020 
RDE with 1.5 conformity factor, for all new vehicles 1 January 2021 

 
It is possible that many new vehicle types will be submitted for approval in the run-up to the 
September 2017 date for RDE introduction, thereby gaining a further two years to meet the 
RDE limit at 2.1 conformity factor.  Similarly, in the run-up to January 2020 there could be a 
spike in approvals of new vehicle types to gain a further year before full implementation of 
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the 1.5 conformity factor.  This potential tactical behaviour by manufacturers is a further 
source of uncertainty in the outlook for reducing emissions. 
 
For this reason, it is unlikely that any material benefit of RDE will be seen much before 2020, 
and it could well not be until 2025 or later that pollution concentrations will be seen to reduce 
significantly and air quality improves in urban areas.  Beyond the effectiveness of RDE itself, 
the speed of fleet turnover will also be a material factor in the rate of air quality improvement. 

3.6 Conclusions on the plan scenario 

The plan scenario differs from the baseline and alternative scenarios in that it builds in the 
benefit from RDE (and indirectly some of the CAZ measures) onto the baseline predictions.  
Therefore, the effectiveness of both the baseline scenario and the additional factors described 
above are relevant to drawing conclusions on the likely effectiveness of the plan scenario.   
 
For the reasons set out above, there are a number of risks inherent in the known structure of 
RDE, and also in some elements that have yet fully to be defined, which together lead to 
uncertainty as to whether the plan scenario is realistic. 
 
The risks known in RDE include the effect of boundary conditions which will exclude certain 
types of driving, and whether a valid RDE test cycle properly represents the urban driving that 
typically is associated with poor air quality.  Factors that cannot yet properly be quantified 
include how manufacturers will react to the new regulations and the timing of their 
introduction, what in-use surveillance programme will be put in place, and the durability of 
the after-treatment systems that are central to NOx reduction on Euro 6 diesel cars. 
 
Added, therefore, to the matters raised in Section 3 about whether Defra’s baseline scenario 
is realistic, these further risks relating to RDE add even further uncertainty to the predictions 
in the plan scenario.  In summary this means that there are serious doubts about the prospects 
of the improvements in air quality, as forecast in Defra’s Air Quality Plan, being achieved in 
the timeframes predicted, including the predicted 2025 date for compliance in London. 
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4.1 Summary of uncertainties 

The baseline scenario, even with the up-weighting in COPERT for real-world disparities, 
appears to underestimate the emissions of both Euro 5 and Euro 6 diesel vehicles on an 
average basis.   
 
On current performance, prior to RDE, the average conformity factor for Euro 6 diesels in real-
world driving, according to the Emissions Analytics’ database is 3.5.  This compares with the 
2.8 conformity factor included in the COPERT projections used by Defra.  Added to this 
disparity there are a range of uncertainties that further act to make the baseline scenario less 
realistic still, which fall into three generic categories.   
 
First, the COPERT model is likely to under-estimate emissions at certain congested locations 
with a high proportion of stopping and starting.  Emissions in general tend to be higher than 
average in urban areas, where air quality problems are typically seen, due to this dynamic type 
of driving.  Emissions Analytics’ data suggest this could add up to 0.3 to the average conformity 
factor.  The on-road validation testing conducted around Heathrow and Gatwick suggests that 
this increment could be higher, potentially around 1.4. 
 
Second, the rate and incidence of after-treatment system degradation is unknown in real-
world operation.  As an approximation of this effect, if on average this effectively returned a 
Euro 6 vehicle to the Euro 5 emissions level, it would add 2.7 to the conformity factor for that 
vehicle, which would then be to be multiplied by the incidence rate of after-treatment system 
degradation in the population, which is currently unknown. 
 
Third, NOx is the regulated emissions species, while primary NO2 is a major contributor to air 
quality problems, and therefore vehicles emitting a high NO2-fraction despite low NOx may 
still cause an emissions problem.  Currently, average NO2 emissions for Euro 6 diesels are 13% 
points higher than assumed by the COPERT model.  This would not add directly to an increased 
conformity factor as NO2 is unregulated at the tailpipe, but it would nevertheless contribute 
to worse air quality. 
 
Therefore, adding together these upside risks to NOx emissions, real-world emissions in the 
urban areas under consideration are likely to be closer to the levels described in the 
alternative scenario (conformity factor of 5) in the Air Quality Plan than to the baseline 
scenario (conformity factor for Euro 6 diesel cars of 2.8). 

4.2 Summary view on the plan scenario and additional measures 

The modelled plan scenario in the Air Quality Plan is not only subject to the uncertainties of 
the baseline scenario as reported above, but also contains additional uncertainties that come 
with the introduction of RDE.  These are as follows: 
 
First, there are certain elements that will be excluded from the RDE regulation, such as driving 
outside the dynamic boundary conditions.   
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Second, tactical activity by manufacturers around conformity factors and timing of introducing 
new models may dilute the regulations, at least in the short term.   
 
Third, the programme for in-service surveillance, and the legal regime for punishing 
transgressions, is not yet defined.   
 
None of these factors can easily be quantified at this stage, but they pose a further upside risk 
to real-world NOx emissions.  It is possible that regulators will adopt a strict position on some 
or all of the points above, which would bring emissions in lower.  However, this may only be 
achieved over longer time periods, as the regulators progressively tighten the conformity 
factors and test protocol. 

4.3 Conclusions 

Considering the evidence as a whole, whilst the trend is currently for emissions to fall, a 
number of risks exist that may act to slow or counteract this reduction.  This comes against a 
historical background in which real-world emissions have repeatedly failed to achieve 
expectations for a considerable time and which has led to continuation of non-compliance 
with limit values.   
 
Combining the uncertainties in the emissions levels themselves, which give rise to serious 
doubts about Defra’s baseline scenario predictions, with the timing of the introduction and 
effectiveness of RDE and Clean Air Zones, it is considered that the predictions in the plan 
scenario are almost certainly optimistic and that the alternative scenario is likely to be closer 
to reality.  The modelling work conducted for this report is also supported by primary data 
collection through testing around Heathrow and Gatwick, which reinforces the greater realism 
of the alternative scenario. 
 
A further consideration remains about whether, even if RDE is successfully introduced 
according to the timetable, there will be sufficient fleet turnover to achieve the air quality 
compliance in London by 2025, but this question is outside of the scope of this report. 
 
That aside, the issues identified in this report cast serious doubts about the prospects for the 
improvements in air quality, as forecast in Defra’s Air Quality Plan, being achieved in the 
timeframes predicted. 
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Executive Summary 

This report discusses the proposed Clean Air Zones (CAZs) in the Government’s Air Quality Plan 

(AQP) for the UK, and their role in improving air quality.  These zones are similar to low emission 

zones which have been introduced in London and over 200 other towns and cities in Europe. 

Impact of Existing Low Emission Zones 

According to the AQP low emission zones (LEZs) in Germany and Denmark have improved air 

quality, however there is little robust evidence to support this view.  The conclusion of this study is that 

there is no clear evidence that existing LEZs, including the London LEZ,  have reduced nitrogen 

dioxide ( NO2) concentrations, except possibly in some German cities.  These LEZs included 

restrictions on private cars unlike the proposals in the AQP.  The modelling of the London LEZ has 

consistently over-estimated its impact on NO2 concentrations.   

The absence of a reduction in NO2 concentrations is not surprising because there has been little real 

world reduction in the NOx emissions from the diesel vehicles meeting LEZ standards compared to 

older vehicles. 

Potential Impact of a CAZ near Heathrow Airport 

Defra’s modelling estimates that the current (2013) annual mean NO2 concentration alongside the A4 

Bath Road, immediately north of Heathrow Airport, is 54 µg/m3 compared to the legal limit value of 40 

µg/m3.  The main sources are buses, cars and the airport operations.  A CAZ can only influence the 

road traffic emissions and therefore the impact of a CAZ in this location will be less than in central 

London where road traffic emissions dominate.  

The plan to upgrade the existing London-wide LEZ is still at an embryonic stage and will likely take a 

number of years before the details are finalised and it is introduced.  The longer it takes to implement 

that smaller the impact because of the natural fleet turnover.   

Defra’s modelling predicted that in 2025 the AQP will reduce annual mean NO2 concentrations by 

5 µg/m3, although this may be largely due to the introduction of real driving emission tests rather than 

the upgrading of the LEZ to a CAZ.   

Defra predicts no benefit of the AQP in 2030, when the A4 Bath Road is predicted to have the 4th 

highest NO2 concentration in the country, albeit 10% under the limit value.  However given the 

numerous modelling uncertainties it is considered likely that Defra have underestimated future 

concentrations, and the limit value may continue to be exceeded in 2030 in this location.  If the third 

Heathrow runway is operational in 2030 it is likely to extend the period to comply with the mandatory 

limit values.    
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1 Introduction 

In December 2015 Defra published its revised Air Quality Plan (Improving air quality in the UK: 

Tackling nitrogen dioxide in our towns and cities) (AQP) for submission to the European Commission.  

This predicts the latest dates by which the nitrogen dioxide (NO2) limit values will be achieved in the 

UK and meet the requirements of the Air Quality Directive (2008/50/EC1).  A key new measure in the 

AQP is the mandatory introduction of Clean Air Zones (CAZs).  

Defra has defined CAZs as “areas where only the cleanest vehicles are encouraged (through the use 

of vehicle emission standards) and action is focused to improve air quality”.   

CAZs will essentially be Low Emission Zones (LEZs) with additional measures possibly introduced to 

improve air pollution hotspots.  Five cities will have mandatory CAZs where charges will be introduced 

to discourage vehicles that do not meet the CAZ emission standards.  Elsewhere the CAZs will be 

voluntary and it will be a local decision whether to charge or not.  

The AQP defines four classes of CAZ.  The difference between the classes lies in the type of vehicles 

that the CAZ emission standards will apply to.  They range from Class A, which will discourage certain 

types of buses, coaches and taxis, to Class D which would apply to all vehicles except two and three-

wheeled vehicles.   

Mandatory ‘Class B’ CAZs are proposed for Southampton, Nottingham and Derby and the slightly 

more restrictive ‘Class C’ CAZs are proposed to be introduced in Birmingham and Leeds.  In Greater 

London the AQP proposes a tightening of the existing London wide LEZ equivalent to either a ‘Class 

B’ or ‘Class C’ CAZ.  

None of the mandated proposed CAZs would charge for private cars. 

The Mayor of London has a well-established strategy for improving air quality2.  He has announced 

his plan to introduce an Ultra Low Emission Zone (ULEZ) for the central London Congestion Charge 

Zone in September 2020.  The ULEZ is equivalent to a ‘Class D’ CAZ, so will involve charges for 

certain types of private cars beyond the congestion charge. 

Defra’s analysis shows that to meet the NO2 limit values across Greater London by 2025, at the latest, 

the London wide LEZ will need to meet the standards of a ‘Class C’ CAZ by 2025 as well as 

implementing the ULEZ in 2020.  The Mayor has, however, proposed a number of other measures 

that may be applied in London alongside the ULEZ.  When these are taken into account Defra’s 

analysis shows that tightening of the current LEZ to an equivalent of ‘Class B’ CAZ with the Mayor’s 

other measures delivers the same outcome as a Class C CAZ. 

The Airports Commission3 has recently concluded that a new runway at Heathrow Airport is the 

preferred choice to provide future airport capacity over one at Gatwick Airport.  In supporting the 

Heathrow North West Runway (NWR) proposal the Commission recommended that “Additional 

operations at an expanded Heathrow must be contingent on acceptable performance on air quality.  

New capacity should only be released when it is clear that air quality at sites around the airport will not 

delay compliance”.  Two road links close to Heathrow Airport currently exceed the annual mean NO2 

limit value by a wide margin.  These are on the A4 Bath Road to the west and east of the M4 

Heathrow Spur. 

                                              

 
1
 Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 

on ambient air quality and cleaner air for Europe. 
2
 Mayor of London, 2010. Air Quality Strategy for London.  

3
 Airports Commission, 2015. Final Report. London 
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This report reviews the evidence of the impact of LEZs from London and elsewhere in Europe and 

assesses the possible impacts of the AQP’s proposed CAZs on air quality at roadside locations along 

the relevant section of the A4 Bath Road.  
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2 Defra’s Modelling of NOx and NO2 concentrations 
alongside the A4 Bath Road  

 Introduction 2.1

Defra’s consultants, Ricardo Environment & Energy, have used their Pollution Climate Mapping 

(PCM) model to estimate annual mean NO2 concentrations at roadside locations on approximately 

18,000 road links across the UK.  The PCM model consists of a series of models which separately 

predict baseline and future concentrations of nitrogen oxides (NOx) which is then converted to annual 

mean NO2 concentrations for the urban background (i.e. away from the immediate influence of local 

sources of pollution) and at the roadside (nominally 4 m from the edge of each road link).  

NOx is a mixture of nitrogen monoxide (NO) and NO2.  Most of the emissions are NO and are rapidly 

converted to NO2 in the atmosphere.  The relationship between NOX and NO2 concentrations is 

complex and therefore Defra’s source apportionment in the AQP is for NOx not NO2.  Measures that 

reduce NOx emissions will have a larger impact on NOx concentrations than on NO2 concentrations.  

It is clear from current evidence that large reductions are required to comply with the NO2 limits at 

many locations. 

A streamlined version of the PCM model has also been developed which, combined with their 

Transitional Model, allows a quick assessment of road transport polices on approximately 9,000 road 

links.  The Technical Report that accompanies the AQP provides data on the correlation between the 

streamlined PCM and the full PCM outputs which is reproduced in Annex 1.   

It shows a very good correlation between the two models for the vast majority of the road links.  

However it is likely that A4 Bath Road, where it runs close to Heathrow, is an outlier for the reasons 

stated below, and therefore there can be no confidence that this streamlined model is robust for the 

forecasting of future air quality close to Heathrow Airport.  The AQP does not make clear where the 

full and the streamlined version of the PCM model have been used. 

In February 2016 Defra released the results of its baseline assessment for the years 2013, 2020, 

2025 and 2030.  This provides data on the contributions from different sources to the NOx 

concentrations for individual road links as well as the predicted NO2 concentration.  Defra also 

released data that shows the results of their modelling of the impact of the AQP, but this data does 

not identify the impact of individual measures such as the introduction of a CAZ.  It also includes the 

impact of the real driving emissions testing of diesel cars which will be introduced in 2017 onwards.  

This will occur with or without the AQP, but appears to have been only included in the modelling of the 

impact of the APQ, not the baseline. 

 2013 Source Apportionment 2.2

Figure 1 shows the source apportionment for the two road links with the highest predicted NO2 

concentrations in London (Marylebone Road and Knightsbridge) and the two closest to Heathrow 

Airport (A4 Bath Road east and west of the M4 Heathrow Spur).  
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Figure 1 NOx Source Apportionment - All Sources (2013)4 

 

It is clear from this figure that the sources contributing to the high NOx concentrations along the two 

A4 Bath Road links are different to those in central London.  For A4 Bath Road aircraft are the single 

largest contributor to the background concentrations, with off road mobile machinery the second 

largest.  The latter is likely to be predominantly due to airport operations.  Together these background 

sources make the same contribution to roadside NOx as the local road contribution.  In central 

London, on the other hand, the local road contribution is almost three quarters of the total.   

A CAZ or LEZ can only influence the road traffic contribution and therefore this measure is likely to be 

more effective in central London than near Heathrow. 

Figure 2 shows the contributions from the different types of vehicle on the two A4 Bath Road links. 

The main sources of NOx are buses (including coaches) and cars which together contribute about a 

quarter of the total NOx, but over 60% of the local road contribution.  If taxis are also included this 

increases to almost 75% of the contribution of traffic on the A4 Bath Road east. 

 

 

  

                                              

 
4
 Data from Source_apportionment nox2013_2020_2025_2030_uk0001.xsl, available from http://uk-

air.defra.gov.uk/library/no2ten/2015-no2-projections-from-2013-data 
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Figure 2 NOx Source Apportionment – Local Road Contribution (2013)5 

 

 

  

Table 1 shows the proportion of different types of vehicles using these two road links in 2013.  The 

figures were virtually the same in 2014; the latest year data is available.  This shows that more than 

four out of every five vehicles driving on these road links are cars or taxis.  The relatively high 

contribution of buses and coaches to NOx concentrations compared to their proportion in the traffic 

illustrates the high emissions from these vehicles per kilometre driven.   

                                              

 
5
 Source 2015 NO2 projections data (2013 reference year), Greater London Urban Area Baseline NOX Source 

Apportionment, http://uk-air.defra.gov.uk/library/no2ten/2015-no2-projections-from-2013-data 
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Table 1 Traffic Using A4 Bath Road6 

Vehicle type Proportion of vehicles in 2013 (%) 

Bath Road West (ID 56114) Bath Road  East (ID16112) 

Motorcycles 1 1 

Cars and taxis 84 81 

Buses and coaches 5 9 

Light goods vehicles 7 6 

Heavy goods vehicles 3 3 

Total 100 100 

 

For a CAZ to be effective close to Heathrow Airport it needs to reduce emissions from both cars 

(including taxis) and buses/coaches.  Goods vehicles make a much smaller contribution in this 

location. 

 

A CAZ will also affect the local background road traffic contribution, but given its relatively small 

contribution to roadside concentrations, the impact will be small.   

 Future  Source Apportionment 2.3

Table 2 shows the source apportionment and total NOx and NO2 concentrations forecast for A4 Bath 

Road east (ID 16112) in 2013, 2020, 2025 and 2030.  The proposed Heathrow North West Runway 

scheme would be likely to result in the A4 Bath Road west link being closed, diverted to the north or 

even potentially put in a tunnel.  Therefore the focus of this report is the A4 Bath Road east link. 

Table 2 Source Apportionment 2013, 2020, 2025 and 2030 for A4 Bath Road East (ID 
16112)5 

Source Contribution of each source to total NOx concentration (%) 

2013 2020 2025 2030 

Local road 39 30 21 18 

Bgd Aircraft 29 42 52 55 

Bgd Off road 11 6 4 3 

Bgd Road traffic 9 7 6 6 

Bgd Rural  7 7 8 8 

Bgd Industry 2 3 3 3 

Bgd Other combustion 2 2 3 3 

Bgd Domestic 1 1 1 1 

Bgd Rail 1 1 2 2 

Total7 100 100 100 100 

Predicted annual mean  NOx 
concentration (μg/m3) 157 110 90 83 

Predicted annual mean NO2 
concentration (μg/m3) 54 40 37 36 

Bgd = background  

 

                                              

 
6
 Department for Transport w ww.dft.gov.uk/traff ic-counts/ 

7
 The percentages in the table add up to 99, 100 or 101 due to the rounding. 
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The Table shows that a large reduction in the NOx concentrations is predicted between 2013 and 

2020 for this road link, with smaller reductions forecast thereafter.  Over time, even without expansion 

of the airport, the relative importance of emission from aircraft increases to become the dominant 

source of NOx in 2030.   

Table 2 illustrates the non-linear relationship between annual mean NOx and NO2 concentrations.  A 

47 μg/m3 reduction in NOx concentrations between 2013 and 2020 results in a 14 μg/m3 reduction in 

NO2 concentrations i.e. on average a 0.50  μg /m3 reduction in NO2  occurs for every 1 μg /m3 

reduction in NOx.  Between 2020 and 2025 the relationship changes and 0.15 μg /m3 reduction in 

NO2 occurs for every 1 μg /m3 reductions in NOx. 

 NOx to NO2 conversion 2.4

Defra provide a NOx to NO2 converter for Local Authorities to use in undertaking their Local Air 

Quality Management duties8.  As shown in Table 3 using this convertor produces very different 

estimates of future NO2 concentrations for this section of the A4 Bath Road.  This forecasts that 

exceedences of the limit value would continue until at least 20309.  This illustrates the inherent scale 

of uncertainty in the modelling predictions in the AQP. 

Table 3 Predicted NO2 concentrations for A4 Bath Road East (ID 16112) using two NOx 
to NO2 conversion models 

Source NO2 Concentrations (µg/m3) 

2020 2025 2030 

Defra’s PCM model 40 37 36 

Defra’s NOx to NO2 convertor 53 45 42 

  

 Background NO2 Concentrations 2.5

The background NO2 concentrations (that is excluding the contribution from the local road) are high 

close to Heathrow Airport as shown in Table 4.  In 2020 the background NO2 is predicted to be 

extremely close to the limit value without any contribution from the local road.  

From 2020 onwards the NO2 background concentrations are forecast to be higher on the A4 Bath 

Road east link than in central London (Knightsbridge or Marylebone Road), thus re-enforcing the view 

that the sources of pollution influencing this road link are very different to central London, and 

therefore the solutions will also have to be different.  

                                              

 
8
 NOx to NO2 Calculator (Version 4.1, June 2013),  http://laqm.defra.gov.uk/review -and-

assessment/tools/background-maps.html#NOxNO2calc 
9
 The data input to the NOx to NO2 calculator w as the background NOx and NO2, and the roadside NOx 

concentration from the 2015 NO2 projections data (2013 reference year).  
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Table 4 Predicted Background NO2 Concentrations at A4 Bath Road East (ID 16112) 

Year Background NO2 concentrations (µ/m3) 

2013 47.2 

2020 39.8 

2025 37.4 

2030 36.4 

 

 Predicted Impact of the Air Quality Plan 2.6

Table 5 shows Defra’s predicted impact of the AQP on annual mean NO2 concentrations alongside 

the A4 Bath Road east.  The largest impact is predicted in 2025.  In 2030 when the proposed third 

runway at Heathrow air may be operational the AQP will have no impact on concentrations, and 

concentrations are predicted to be higher than in 2025.  

It should be noted that Defra’s modelling includes a number of measures in addition to a CAZ, and 

therefore the impact of the AQP is due to all these measures, not just the CAZ.     

Table 5 Defra’s Predicted Impact of the Air Quality Plan  

 Predicted annual mean NO2 concentrations (µg/m3) 

2013 2020 2025 2030 

No Air Quality Plan 54 40 37 36 

With Air Quality Plan n/a 39 32 36 

Impact of Air quality Plan n/a 1 5 0 

Given the uncertainties in the modelling, described in other reports commissioned by Gatwick Airport 

Ltd., and the impact described above of different methods to convert NOx to NO2 concentrations, it is 

possible that the AQP will not deliver the expect benefits, and the limit value may continue to be 

exceeded alongside the A4 Bath Road east in 2030. 

An additional runway at Heathrow would exacerbate the poor air quality alongside the A4 Bath Road 

and could extend the period of non-compliance with the mandatory limit value beyond 2030.     
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3 Low Emissions Zones 

 Introduction 3.1

At the end of 2015 there were approximately 220 low emission zones (LEZs) in the European Union, 

excluding the very large number of small LEZs in the Lombardy region of Italy.  Table 6 provides a 

summary.   

Table 6 Summary of EU Low Emission Zones (December 2015) 

Country 
Number of 
LEZs 

Applicable vehicles 
National 

Framework/ 
legislation 

Implemented Schemes 
Austria 7 Lorries Yes 
Denmark 4 Lorries + buses Yes 
Finland 1 Buses and refuse trucks  
France* 1 Lorries** No 
Germany 73 All vehicles with 4 or more wheels Yes 
Greece 1 All vehicles with 4 or more wheels Yes 
Italy 102*** Various No 
Netherlands 13 All vehicles with 4 or more wheels Yes 
Portugal 1 All vehicles with 4 or more wheels No 
Sweden 8 Lorries + buses/coaches Yes 
UK 5**** Various No 
EU  216 - - 

Planned Schemes 
Implementation 

year 
Belgium 1 All vehicles with 4 or more wheels 2016 
Czech Republic 1 Lorries 2017 
Notes: 

* The Mont Blanc Tunnel LEZ is betw een France and Italy (it is included in Italy’s LEZs).  

** All vehicles from 1 July 2016 vehicles. There is also an odd-even number plate scheme that restricts 

vehicles during high pollution events in Paris. 
*** The large number of LEZs in the Lombardi Region, outside cities,  have been counted as 1 LEZ 

**** These are in London, Brighton, Norw ich, Nottingham and Oxford.  Those outside London only apply to 

local buses.  

 

Source: w ww.urbanaccessregulations.eu © European Union 2013-2016 and Sadler Consultants Ltd 2007-2016 

 

Most of the early LEZs only affected heavy vehicles (i.e. lorries, buses and coaches), but in recent 

years there has been a trend towards also restricting light vehicles.  The German LEZs were unusual 

in that the national framework adopted in 2008 included cars and vans.  The Netherlands also have a 

national framework but originally it only applied to heavy vehicles, and only more recently was it 

amended to include cars and vans.  Where there are national frameworks the decision to implement a 

LEZ is made by the local administration.  

 

The original aim of most LEZs was to reduce emissions of particulate matter to comply with the EU 

limit values for PM10.  The primary aim of the CAZs in the AQP is, however, to reduce roadside NO2 

concentrations.  

 

Error! Reference source not found. illustrates the range of features of LEZs and their diversity. 
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LEZ restrictions are enforced manually, using automatic number plate recognition (ANPR) technology 

or in some cases transponders which automatically transfer payment to toll booths.  LEZs in 

Germany, Sweden and Austria require a windscreen sticker to be displayed, indicating compliance.  

 

In the German LEZs vehicles without the correct sticker are banned.  Originally drivers faced a fine of 

€40 and a penalty point on their driving license.  The German driving licence penalty system has 

recently been revised with the total number of points before the licence is removed reduced from 18 to 

eight, and the penalty for illegally entering a LEZ no longer results in a penalty point.  As a 

consequence the fine was increased to €80 (approximately £60).  This can be compared to the 

London LEZ where the daily charge (not a fine) for non-compliance varies from £100 to £200 

depending on vehicle size, and the penalty charge for not paying is £500-£1,000 with a 50% discount 

for paying within 14 days.  The compliance rate is probably higher in London than in Germany10 due 

to a combination of the use of cameras and the high penalties for non-compliance. 

 

Where cars as well as commercial vehicles are restricted some cities have gradually tightened the 

entry requirement to give motorists time to get used to the scheme.  Paris, for example first 

implemented a LEZ in July 2015 for heavy goods vehicles which will be extended to all types of 

vehicle in July this year.  Initially the vehicles will only have to meet Euro 1 standards but this is to be 

tightened on an annual basis so that by 2020 only Euro 4/IV vehicles will be permitted.  Paris also has 

an even/odd number plate restriction during periods of high pollution.  

 

 

                                              

 
10

 There is little data available on compliance rates for Germany LEZ because automatic number plate 

recognition technology is not routinely used. In Berlin there have been limited short term studies using camera.   

Box 1 Summary of the Features of EU Low Emission Zones  
(source www.urbanaccessregulations)

Area

Vehicles 

Emissions

Range  >1,500 km2 to individual roads
Local LEZ embodied in regional LEZ with differing requirements (e.g. Milan)

Generally HGVs and/or buses
Germany: all except 2-wheeled

Italy: focus on 2-stroke 2 -wheeled

Many established LEZs extending types restricted
Exempt vehicles e.g. EVs/hybrids, residents, emergency services 

Emissions

Generally Euro 1-4/ Euro I-IV
Diesel standards more stringent than petrol

Retrofitting DPF generally allowed

Some  based on vehicle weight (e.g. Athens)

24/7
Daytime only e.g. 07:30 - 19:30

Everyday/ weekdays only

All year/winter only (e.g.  October-April)

Enforcement
Manually by police (eg Germany)

Automatic number plate recognition (e.g. London)
Transponders

None (?)

Operation

National 
Framework

National framework
National framework with local options

Local decision
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 Predicted and actual Impacts of LEZs 3.2

Many modelling studies have been undertaken before, and sometimes, after the implementation of a 

LEZ to predict its impact.  These studies have typically predicted improvements in air quality, but the 

evidence demonstrates that these improvements have not materialised in reality for several reasons.  

The main reasons are the lack of improvement of diesel vehicle NOx emissions over a 20 year period 

and the increasing direct NO2 emissions.  This was identified in a 2011 Defra study11 which also 

showed that NOx abatement devices were not working in urban driving conditions due to the low 

exhaust temperature.   

Figure 3 shows the NOx/CO2 ratio in the emissions of different vehicle types by year of manufacture 

from this study.  The error bars show the 95% confidence interval and the symbols the mean ratio.  

Petrol cars have well controlled emissions which have declined since the Euro 1 standard applied to 

all new cars from the end of 1992.  A number of more recent studies have shown similar findings. 

Figure 3 NOx/CO2 Ratio for major classes of vehicle by year of manufacture 11 

 
 

Determining the impact on air quality, using ambient measurements, is a direct measure of the 

effectiveness of the implementation of a LEZ.  Isolating the impact of a LEZ from other policy 

measures, economic factors and possibly more importantly the weather, is , however, challenging.  

Box 1 illustrates the range of confounding factors that can interfere with an analysis of the effect of a 

LEZ on air quality.  Most of the early studies that assessed the impact of LEZs from measurements 

                                              

 
11

 Carslaw , D.C., Beevers S.D. Westmoreland E., Williams, M.L., Tate, J.E., Murrells T., Stedman J., Li Y., Grice, 

S., Kent A. and I. Tsagatakis (2011). Trends in NOx and NO2 emissions and ambient measurements in the UK. 

Version: July 2011. © Crow n copyright 2011 
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used simple analytical methods that failed to adequately account for these variables.  In addition, 

given the range of temporal and geographical scales of LEZs and their differing entry criteria, studies 

on single LEZs may not provide good information on the likely effect of another LEZ. 

 

Box 1:  Confounding Factors  

 

 

LEZ

Vehicle composition

Traffic exhaust 
Emissions

Air quality

'Natural' fleet turnover
Economy

Fiscal incentives
Taxation policy

Urban traffic restrictions
Media (e.g. diesel vs gasoline)

Traffic volume
Congestion
Topography

Vehicle maintenance

Confounding factors

Meteorology
Regional/city background 

Other emissions sources (e.g. non exhaust 
traffic emissions, construction sites)

EU limit value
compliance
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4 London Low Emission Zone 

 Existing Low Emission Zone 4.1

The London LEZ was established in February 2008 and over time has been extended to cover more 

vehicle types and the entry standards made more stringent as shown in Table 7.  Its primary aim was 

controlling emissions of particulate matter.  

Vehicles can meet the entry criteria by having an appropriate engine or by retrofitting a diesel particle 

filter (DPF) to an older vehicle.  Only retrofitted vehicles with a Reduced Pollution Certificate (RPC) 

are accepted as being compliant with the emission criteria.  This is a national standard for retrofitted 

DPFs, and accredited vehicles receive a vehicle excise duty discount.  NOx emissions were not 

included as there is currently no national certification scheme for retrofitted NOx abatement 

equipment12.  The London LEZ was expected to produce a small reduction in NOx emissions due to 

the accelerated replacement of older vehicles by owners (mainly commercial organisations) seeking 

to avoid having to pay the charges with those that met more recent emission standards. 

Compliance rates for articulated lorries increased from around 80% in 2007 to more than 98% by the 

second half of 2008.  For smaller lorries (3.5-12 tonne) compliance increased from 75% to 97%13.  In 

the last quarter of 2015 compliance for Phase 3 and Phase 4 was 99% and 97% respectively14. 

Several modelling studies have been undertaken to determine the emissions and air quality benefits 

of the LEZ.  The first study, published in 200015, concluded that a LEZ covering all of Greater London 

would be more effective for reducing NO2 concentrations than one based on a smaller area.  This was 

because traffic emissions over a large area influence background NO2 concentrations in central 

London.  The study concluded that the most effective LEZ would need to exclude all pre-Euro III / 3 

vehicles16, but this was considered to be too challenging.  In addition, restrictions on cars would affect 

a large number of people and the lowest income groups would be mainly affected as this group tends 

to have older vehicles.  The study therefore recommended that the LEZ should be restricted to taxis, 

and medium and heavy vehicles.  Older vehicles that could demonstrate compliance with these 

standards for PM emissions (e.g. by fitting a diesel particle filter) should also be admitted. 

 

  

                                              

 
12

 The 2015 AQP states that a new  accreditation scheme for NOx emissions w ill be in place in 2016. 
13

 Barrett B, Carslaw  D, Fuller G.W., Green D, and Kelly F., 2011.  London low  emissions zone accountability 

study, Health Effects Institute Annual Conference, Boston, 1-3 May 2011. 
14

 Transport for London, 2015, Congestion Charging & Low  Emission Zone Key Fact Sheet, 01 October 2014 to 

31 December 2014. 
15

 Transport Research Laboratory (TRL), 2000, A low  emissions zone for London, TLR Report 431, Crow thorne 
16

 Euro 3/III standards w ere introduced in 2000/2001.  
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Table 7  Evolution of the Emissions Criteria for the London LEZ 

Phase 
Date 

Introduced 
Vehicles Charged 

Gross vehicle 
weight (GVW)  

(tonnes) 

Minimum 
Emission 
standard* 

1 4 Feb 2008 Lorries  > 12 t 
Euro III for PM 

2 7 July  2008 Lorries  > 3.5 t 

3 3 Jan 2012 

Large vans 

4x4 light utility vehicles 

Motorised horseboxes  

Pickups 

1.205 (unladen) -

3.5 t (GWV) 

Euro 3 for PM 

 
Ambulances 

Motor caravans 

2.5 - 3.5 t 

Minibuses (>8 passengers) <5 t 

4 3 Jan 2012 
Lorries  > 3.5 t Euro IV for PM  

 Buses + coaches >5 t 

5** Dec 2015 
Buses operated by Transport for 

London 

 
Euro IV 

6 Sept 2020 Ultra Low Emission Zone within the  Congestion Charge Zone:  

Motorcycles/mopeds - Euro 3 

Cars/small vans Euro 4 (petrol); Euro 6 (diesel) 

Large vans/minibuses - Euro 4 (petrol);  Euro 6 (diesel) 

Lorries - Euro VI 

Notes: 

* Or f itted w ith a diesel particle f ilter w ith a Reduced Pollution Certif icate.  Euro III and Euro IV standards w ere 

mandated for all vehicles f irst registered after October 2001 and 2006 respectively. 

** Originally Phase 5 w as for all heavy vehicles.  How ever, the poor NOx performance of Euro IV and Euro V in 

urban areas,  the lack of a national verif ication scheme for retrofitted NOx emission control devices, and that 

most of the benefits w ould be gained from upgrading buses, led the Mayor revise it  to only apply to Transport 

for London (TfL) buses.   

 

Table 8 summarises the original estimates of the impact of the LEZ on NOx emissions and annual 

mean NO2 concentrations.  

Table 8 Estimated Impact of London LEZ in 2005 Error! Bookmark not defined. 

Location 

Estimated change in 

emissions compared 

to a ‘do nothing’ 

scenario 

Average background 

concentrations 

(µg/m3) 

Average urban 

centre* 

concentrations 

(µg/m3) 

NOx NO2 NO2 

Central London -20% 34.2 35.7 

Inner London -19% 31.8 38.5 

Outer London -18% 27.3 30.3 

All London -18% n/a n/a 

Notes:  
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Original report used ppb for NO2, the conversion to µg/m
3 

used a factor of 1.88  

* Background concentrations not roadside 

 

The second London LEZ feasibility study published in 200117
 also identified that it would be most cost-

effective to target heavy vehicles across the whole of Greater London.  For these vehicles, due to 

their initial high costs, retrofitting is more cost effective than replacement, but this was not considered 

to be the case for cars and vans.  It was also suggested that a LEZ should progressively tighten the 

emission criteria in future years.   

Table 9 shows the predicted reductions in NOx emissions and the area of exceedence of the UK air 

quality objectives.  The emission benefits are significantly less than those predicted to occur with the 

similar LEZ in 2005Error! Bookmark not defined..  To some extent this is due to the emissions being estimated 

for 2007 and 2010, when the normal fleet turnover should have resulted in lower emissions, and 

therefore the benefits are predicted to be less.  It is also due to a revision in the emission factors 

used.  

This study concluded, using the Kings College London model, that the proposed LEZ would have 

relatively modest impact on NOx emissions, but would be more effective at reducing the area of 

exceedance of the NO2 objective.  Cambridge Environmental Research Consultants (CERC) repeated 

the assessment and predicted slightly smaller benefits.  For example, the King’s College model 

predicted that the annum mean NO2 concentrations in 2007 would decrease on average by 0.6% 

while the CERC model predicted a decrease of 0.4%.  This difference was considered important as 

the predictions were very close to the objective values and only small changes were required to 

significantly affect the areas of exceedance. 

Table 9 Predicted Air Quality Benefits of the Recommended London LEZ in 2007 and 
2010 17 

Scenario: 
Year NOx PM10 

2007 1.5% 9.0% 

Reduction in emissions (relative to 

baseline) 

2010 (A) 2.7% 19% 

2010 (B) 3.8% 23% 

Reduction in area exceeding air 

quality targets (relative to baseline) 

Year NO2 PM10 

2007 4.7% 0%* 

2010 (A) 12.0% 32.6%** 

2010 (B) 18.9% 42.9%** 

Notes: 

*London w as predicted to meet the air quality objectives for PM10 in an average meteorological year. 

** Exceedence of the provisional 2020 annual mean PM10 objective.  This w as removed in the 2007 Air Quality 

Strategy. 

2010 (A)  Lorries, buses and coaches 

2010 (B)  Lorries, buses, coaches, vans and taxis 

 

Kings College London18 also modelled the effects of a central London LEZ at five locations in 2005.  

No adjustment was made for traffic growth.  Restricting all heavy duty vehicles to Euro III and banning 

all pre-Euro 1 light duty vehicles was predicted to reduce annual mean NO2 concentrations by 4 to 
                                              

 
17

 Watkiss P., J. Allen, S. Anderson, S. Beevers,  M. Brow n, D. Carslaw , P. Emerson, P. Fairclough, J. Francis, 

D. Freeman, H. Haydock, S. Hidri, G. Hitchcock, T. Parker, S. Pye., A. Smith, R. Ye. and T. Young, 2001, London 

low  emission zone feasibility study.  A summary of the Phase 2 report to the London low  emission zone steering 

group, AEA Technology Environment, July 2003, Abingdon. 
18 Carslaw  D.C. and S.D. Beevers, 2002.  The eff icacy of low  emission zones in central London as a means of 

reducing nitrogen dioxide concentrations, Transportation Research Part D, 7, 49-64. 
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11% at building façades close to busy roads, but the LEZ would not result in the annual mean 

concentrations being below the UK annual objective of 21 ppb (39.5 µg/m3).  The limited response of 

NO2 to changes in concentrations of NOx is due to the non-linear relationship between NOx and NO2 

concentrations.  The study noted that the scale of the LEZ is very important and also concluded that it 

would have limited effectiveness unless background concentrations were reduced.  The authors 

commented that ambitious LEZ scenarios in central London would achieve the same emissions as a 

‘do nothing’ scenario only five years later.   

Another study undertaken by Kings College London19 concluded that NOx concentrations had 

declined as a result of the LEZ close to busy roads with a high proportion of heavy duty vehicles, but 

not in central London.  No effect on NO2 concentrations at any monitoring sites was detected.  The 

traffic data showed no statistically significant changes in vehicle numbers following the start of the 

LEZ, except in central London where the number of buses increased by 12.5%.  Although the LEZ 

also applied to buses the vast majority were already Euro III compliant at the start of the study due to 

the emissions controls implemented by Transport for London under a separate policy.  For NOx the 

two outer London sites showed year on year downward trends in the local traffic contributions (i.e. the 

filtered data) but not at the Central London sites.   

In conclusion, whilst emission and dispersion modelling has consistently predicted a reduction in NOx 

emissions and NO2 concentrations and/or the area of exceedence of the UK annual mean objective 

(which is numerically similar to the EU limit value), in reality the LEZ has not delivered the predicted 

benefits.  This is not altogether surprising given the evidence on the poor real world NOx performance 

of diesel vehicles. 

 Future Low Emission Zone  4.2

The AQP proposes a tightening of the London LEZ standards to equivalent to either a Class B or 

Class C CAZ.  This reflects proposals being developed by the Mayor of London for tightening the 

requirements for the existing LEZ20.   

So far, a number of options have been tabled by the Mayor for consideration including introducing a 

new area bounded by the North and South Circular Roads.  The options for the current LEZ boundary 

are: 

2020 

 Euro VI for lorries, buses and coaches 

 Euro VI/6 for lorries, buses , coaches and  large vans  

2023 

 Euro VI lorries, buses and coaches 

 Euro VI/6 for lorries, buses, coaches and  large vans  

 Euro VI/6 for all vehicles (except petrol, Euro 4) (i.e. the same as the ultra low emission 

zone) 

2025  

 Euro VI for lorries, buses and coaches  

                                              

 
19

 Barrett et al., 2014 Barrett personal communication. 
20

 London Councils’ Transport & Environment Committee Executive, Future of Ultra Low  Emission Zone (ULEZ) 

and Low  Emission Zone (LEZ), prepare by Transport for London, 10 December 2015. 
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 Euro 6/VI for lorries, buses, coaches and large vans  

 Euro 6/VI for all vehicles (except petrol, Euro 4).  

These proposals are, however, at an early stage of development.  With the upcoming Mayoral 

elections in May 2016, there is considerable uncertainty as to which will be brought forward for further 

consideration.  

 

 



Gatw ick Airport Ltd. 

 

CAZ proposals in Defra’s Air Quality Plan  

Impact near Heathrow  Airport 

 

  

1633: Version 4 21 Brook Cottage Consultants 

 
 

5 Proposed London Ultra Low Emission Zone for London  

The Mayor of London has announced his proposals for the Ultra Low Emission Zone (ULEZ), which is 

to be implemented within the Congestion Charge Zone from 7 September 2020 and measures to 

reduce emissions from buses, taxis and private hire vehicles in London (see Table 10).  

Table 10  The Mayor of London’s Air Quality Proposals for 2018 and 2020 

Vehicles Requirement  

TfL buses All new vehicles licensed from 2018 to be zero emission 
capable 

Taxis and Private hire vehicles 
(PHVs) 

All new vehicles licensed from 2018 to be zero emission 
capable (with a petrol engine).   
Age limit for all non-zero emission capable taxis reduced from 
15 to 10 years (irrespective of date of licensing) 

ULEZ  standards TfL Buses: 
- double decker Euro VI hybrid 
- single decker zero emission at source 

Heavy goods vehicles  / non TfL buses and coaches: 
- Euro VI engines 

Light goods vehicles: 
- Euro 4 (petrol) Euro 6 (diesel) 

Cars: 
- Euro 4 (petrol) Euro 6 (diesel 

Motorcycles and powered two-wheelers  
- Euro 3  

 

It is proposed that agricultural, military and historic vehicles and non-road going vehicles which are 

allowed to drive on the highway be exempt from the ULEZ charge.  In addition, all residents living in 

the ULEZ area will be granted a 100% discount for three years to recognise that they are unable to 

avoid the ULEZ area and may require more time to change their vehicle for one to meet ULEZ 

emissions standards.  

The planned ULEZ is essentially equivalent to the AQP Class D CAZ, although currently it is unknown 

what exemptions will be in the proposed national framework. 

The ULEZ, together with the improvement to TfL buses, taxis and private hire vehicles, is predicted to 

result in a reduction in average NO2 concentration of  4.6 µg/m3 in 2020, and a further 2.3 µg/m3 

reduction in 2025 within the congestion charge zone21.  Drawing on the historic evidence suggests 

that the ULEZ forecasts are also likely to be optimistic. 

                                              

 
21

 Jacobs UK Ltd, 2014, Ultra low  emission zone impact assessment.  
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6 German LEZs 

There are over 70 LEZs in Germany which ban non-compliant vehicles.  To enter a LEZ 

(Umweltzone) a vehicle must have an appropriate sticker displayed on the windscreen.  Currently 

there are three emission stickers:  green, red and yellow.   

For all three stickers pre-Euro 1 petrol cars are not permitted entry to the LEZs22.  For diesel vehicles 

the green sticker indicates the vehicle meets at least Euro 4 / IV standards, or is Euro 3 /III with a 

diesel particle filter (DPF).  All diesel vehicles constructed prior to 2000 are banned.  A yellow sticker 

is for diesel vehicles meeting at least Euro 3 / III, or Euro 2/II with a DPF, and built in 1996 or later, 

and a red one is for diesel vehicles meeting at least Euro 2/ II or Euro 1 with a DPF and built in 1992 

or later.  Vehicles not meeting any of these requirements are in pollution class 1 and do not have a 

sticker.  The first LEZs requiring a green sticker (Diesel Euro 4/IV standards) were introduced at the 

beginning of 2010 and now virtually all German LEZs require this standard.  

Road signage indicates which colour sticker a vehicle must have in order to enter the LEZ and the 

relevant sticker must be displayed to avoid the fine.  Two-wheeled vehicles, vintage cars, and off-

road, police, fire brigade and emergency vehicles are exempt from the scheme.  There is manual 

enforcement of the LEZ in a similar way to the enforcement of parking legislation and it varies 

significantly between cities.  Over the period 2008 to 2011 the number of violations per year ranged 

from 11,563 in Berlin to zero in several LEZs23.  It appears that the number of reported violations is 

primarily an indication of the enforcement behaviour of the relevant local authority. 

The first LEZs were introduced in 2008, the same year as the London LEZ.  One of the problems with 

evaluating the impact of early German LEZs is that in 2009 the German Federal Government provided 

a subsidy of €2,500 to car owners replacing cars older than 9 years with a new model.  The car 

scrappage scheme led a much faster update of the car fleet across Germany than would otherwise 

have occurred.  1.9 million cars, equivalent to 4.5% of the car fleet, were replaced under the scheme 

in nine months23.  It is difficult to quantify the effect on the LEZs.  Most of the cars scrapped were 

petrol and already qualified for a green sticker; however it is not known whether they were replaced 

with a petrol or diesel car.   

A number of studies have investigated the impact of German LEZs, but most have focused on 

particulate matter.  A study of Stage 1 LEZs in 17 cities found that the LEZs reduced NO2 

concentrations by up to 2 µg/m3 (4%)24.  Several earlier studies on individual German LEZs showed a 

greater effect, including up to 10% reduction in Berlin, but used simple statistical analysis which did 

not taken into account all the confounding factors, and therefore are not considered robust.  

                                              

 
22

 In Germany non-compliant vehicles are banned w hereas in the London LEZ vehicles not meeting the standard 

are charged.  
23

 Expert opinion: Evaluation of effect of environmental zones in the renew al of Vehicle f leets in German cities - 

Final Report (in German) von Volker Diegmann &  Florian Pfäff lin, IVU Umw elt GmbH, Freiburg, On behalf of the 

Federal Environment Agency Publikationen als pdf: http://w w w.umw eltbundesamt.de/publikationen/ausw ertung-

der-w irkung-von-umw eltzonen-auf-die ISSN 1862-4804 Dessau-Roßlau, Februar 2015 (in German w ith English 

summary). 
24

 Morfeld P., D. A. Groneberg, & M. F. Spallek, 2014. Effectiveness of Low  Emission Zones: Large Scale 

Analysis of Changes in Environmental NO2, NO and NOx Concentrations in 17 German Cities. PLoS ONE 9(8): 

102999. doi:10.1371/journal.pone.010299. 
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As the real world NOx emissions from diesel Euro II/2 vehicles were similar to earlier vehicles no 

reduction in ambient NO2 concentrations would be expected unless there was a change from diesel to 

petrol cars which have much lower NOx emissions (see Figure 3).  

The Federal Environment Agency commissioned a study on the effect of the LEZs on the renewal of 

vehicle fleets 23.  The temporal evolution of the vehicle fleet by Euro standard over the period 2007-

2012 was evaluated in cities with and without LEZs from vehicle registration data.  The study found no 

clear pattern and that in some cities other factors, such as a large increase in new registrations has a 

greater effect than the LEZ.  Registration data, however, does not provide a direct indication of 

compliance because vehicles are not always driven where they are registered.  Limited data collected 

using cameras in the Berlin LEZ and surrounding area does suggest an impact of the LEZ on the rate 

of renewal of the vehicle fleet25.   

The Federal Environment Agency study23  also investigated the proportion of diesel cars in the fleet.  

Over the period 2008 to 2013 the total number of registered cars in Germany increased by 1% per 

year, but the number of diesel cars increased by 5% per year, while the number of a petrol cars 

decreased by about 0.5% per year.  In  comparison in the UK, over the same period, the total number 

of cars also increased by about 1% per year, but diesel cars increased by 8% per year and petrol cars 

decreased by 2% per year.   

The proportion of diesel cars is not homogeneous across Germany as is illustrated in Figure 4.  It 

shows the proportion of diesel cars by vehicle registration district in 2013.  Some districts had three 

times more diesel cars than others.  North Rhine-Westphalia and Lower Saxony had the highest 

share of diesel cars in 2008 and 2013.  Wolfsburg (where the Volkswagen main plant and HQ are 

located) had 41.3% and 42.5% respectively.  Similar data for the UK is not published, but it raises the 

question of whether there is a similar variation across the nation. 

There is evidence that the cities with LEZs had a higher proportion of diesel, above the national 

average in 2008, but the increase over the next 5 years was lower in the LEZ cities than in 

comparable cities. 

The Federal Environment Agency’s modelling suggests that the EU NO2 limit value will not be 

achieved until 2030, and it has recommended that the LEZs be made more stringent, restricting entry 

to Euro 6 diesel cars26.  This will require a change in national legislation and support for 

implementation by the individual cities.  

 

 

  

                                              

 
25

 Personnel communication Martin Lutz, Head of Sector Air Quality Management, Senate Department for Urban 

Development and Environment, Berlin , 10
th
 February 2016. 

26
 German Federal Environment Ministry, 2015. Old diesel vehicles must be phased out of city centers. UBA 

calculation show s: Cleaner air in city center not notable before 2030 despite new  emission standard. Press 

Release 17 December 2015. http://w w w.umw eltbundesamt.de/en/press/pressinformation/olddieselvehicles must-

bephasedoutofcity 
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Figure 4 Percentage of Diesel Cars in Germany by Registration District  23   

 
 

 

 

 

 

 

Key to Figure 

Green areas are LEZs; black areas are the comparison cities. 

Lightest brown 13.2-15%, increasing in 5% increments to the darkest brown which 

is 40.1-42.5%. 
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7 Evidence from LEZs Elsewhere 

The only other cities where the impacts of LEZs on NO2 concentrations have been studied are from 

the Netherlands and Denmark as shown in Table 11.  These studies showed no effect on NOx or NO2 

concentrations.  

Table 11 The Effect of LEZs in the Netherlands and Denmark on NOx and NO2 

concentrations  

City NOx NO2 Comment 

Amsterdam  
The Hague  
Den Bosch  
Tilburg 
Utrecht 27 

No effect No effect - 

Copenhagen28 No effect - Simple analysis 

                                              

 
27 Boogaard, H., Janssen, N.A.H., Fischer, P.H., Kos, G.P.A., Weijers, E.P., Cassee, F.R., van der Zee, S.C., de 

Hartog, J.J., Meliefste, K., Wang, M., Brunekreff, B., Hoek, G., 2012.  Impact of low  emission zones and local 

traff ic policies on ambient air pollution concentrations.  Sci. Tot. Environ. 435-436, 132-140. 
28 Jensen, S.S, Ketzel, M., Nøjgaard, J.K., Becker, T., 2011.  What are the impacts on air quality of low  emission 

zones in Demark? Proceedings from the Annual Transport Conference at Aalborg University, ISSN 1603-9696 

(w ww.trafikdage.dk/artikelarkiv). 
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8 Clean Air Zones (CAZs) 

 Introduction 8.1

The main measure to comply with the NO2 limit value in the AQP29 is the establishment of Clean Air 

Zones (CAZs).  Table 12 show the four classes of proposed CAZ.  These are to be mandated in five 

cities (Birmingham, Derby, Leeds, Nottingham and Southampton) to bring them into compliance with 

the EU NO2 limit value by 2020.   

A key measure for London is to tighten the LEZ (equivalent to either Class B or Class C CAZ).  With 

this and other measures proposed by the Mayor of London, London is not anticipated to come into 

compliance until 2025. 

Table 12 Proposed Clean Air Zones30  

Clean Air Zone 

Class 

Vehicle Type Euro Standard 

CAZ Class A Buses and  coaches  Euro VI 

Taxis Euro 6 

CAZ Class B Buses and coaches Euro VI 

Heavy goods vehicles Euro VI 

Taxis  Euro 6 

CAZ Class C Buses, coaches  Euro VI 

Heavy goods vehicles Euro VI 

Taxis Euro 6 

Petrol light goods vehicles Euro 4 

Diesel light goods vehicles Euro 6 

CAZ Class D Buses, coaches  Euro VI 

Heavy goods vehicles Euro VI 

Taxis Euro 6 

Petrol light goods vehicles Euro 4 

Diesel light goods vehicles Euro 6 

Petrol cars Euro 4 

Diesel cars Euro 6 

The emission limits for Euro 6 diesel and Euro 4 petrol light duty vehicles, measured using 

standardised laboratory tests, are the same and therefore the CAZ requirements are considered to be 

technology neutral.  The limit for Euro 6 petrol cars is 25% lower. 

                                              

 
29

 Defra, 2015.  Improving air quality in the UK: Tackling nitrogen dioxide in our tow ns and cities . Overview  

Document. Table 4 and Technical Report Table 4.1.  Note the former includes taxis, the latter does not. Table 11 

assumes all taxis are diesel. 
30

 From Table 4.1 Minimum Euro standard exempt from charge by Clean Air Zone type, Air Quality Plan 

Technical Report, December 2015. 
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For the five mandatory CAZs motorists not meeting the entry standards will need to pay a daily 

charge.  Other measures may be introduced to supplement the LEZ element of a CAZ.  For example, 

in Birmingham and Leeds the AQP states that a Class C CAZ will be supplemented by additional local 

action.  In other towns and cities CAZs will be voluntary, and therefore their effectiveness is 

questionable.   

The Government is committed to developing a national CAZ framework and consulting on it in 2016.  

Few details are currently available, including the level of charge and the vehicles  that will be exempt. 

The London ULEZ is to be introduced in 2020, and will be broadly equivalent to a Class D CAZ.  

Transport for London’s analysis suggests it will result in more than 80% of central London meeting the 

NO2 limits values in 202031.  

The modelling undertaken to support the AQP showed that meeting the NO2 limit values across 

Greater London by 2025, at the latest, will require upgrading the LEZ to a Class C CAZ as well as 

implementing the ULEZ in 2020.  

Taking into account the other measures proposed by the Mayor (see Table 10) the Government’s 

analysis showed that these measures together with a Class B CAZ for the LEZ will deliver the same 

outcome. 

There remains uncertainty, however, as to when the LEZ may be upgraded.  The longer it takes to 

implement the smaller the impact because of the natural fleet turnover.  

Drivers entering a CAZ have a number of options including: 

 Upgrade their vehicle 

 For fleet operators redeploy existing vehicles  

 For van drivers changing a pre Euro 6 diesel for a Euro 4 or later petrol vehicle 

 Retrofitting with an accredited NOx pollution control device 

 Not driving within the CAZ  

 Pay charge for entering CAZ.  

Defra’s modelling suggests that over 90% of vehicles would not be directly impacted by the 

introduction of CAZs.  This is because either: they do not drive in an area where there may be a CAZ; 

the restrictions do not cover their vehicle type; or their vehicle already meets the emission standard 

required32. 

The evidence demonstrates that it is very difficult to accurately predict the benefits of a CAZ or LEZ 

and therefore how much these measures will accelerate improvements cannot reasonably be known.  

 

 

                                              

 
31

 Mayor and TfL f inalise ULEZ requirements for taxi and minicab trades 

https://tf l.gov.uk/info-for/media/press-releases/2015/october/mayor-and-tf l-f inalise-ulez-requirements-for-taxi-and-

minicab-trades, accessed 25 February 2016 
32

 Defra, 2015, Draft Evidence Annex, Assessment of the plans to improve air quality in the UK, September 2015. 

https://tfl.gov.uk/info-for/media/press-releases/2015/october/mayor-and-tfl-finalise-ulez-requirements-for-taxi-and-minicab-trades
https://tfl.gov.uk/info-for/media/press-releases/2015/october/mayor-and-tfl-finalise-ulez-requirements-for-taxi-and-minicab-trades
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9 Potential Impact of a Clean Air Zone on A4 Bath Road 

 Introduction 9.1

The impact of tightening the LEZ to a Class B or Class C CAZ has been semi-quantitatively   

assessed to provide an indication of their potential impact on NO2 concentrations along the A4 Bath 

Road east link (ID 16112) in 2020, 2025 and 2030.    

 Methodology 9.2

The future NOx concentrations have been estimated by adjusting the local road contributions based 

on the fleet projections provided by Defra33.  These provide the proportion of vehicle kilometres driven 

by vehicle type and emission standard in 2020, 2025 and 2025.  The NOx emissions were estimated 

using Dutch emission factors as these are considered to be more up-to-date than those used in 

Defra’s modelling.  The report prepared for Gatwick Airport Ltd by Emissions Analytics34, however, 

suggests that under urban driving condition even these emission factor under-estimate real world 

emissions from Euro 6 vehicles by 50%. 

The total NOx concentrations were estimated by adding the revised local road contribution with a CAZ 

to Defra’s estimated background concentration.  The total NOx concentrations were adjusted 

accordingly.  This was converted to NO2 concentration using Defra’s NOx to NO2 convertor provided 

to local authorities for their Local air Quality Management duties.  As noted earlier this NOx to NO2 

convertor provides different estimates of the NO2 concentrations to that used in the Pollution Climate 

Model (PCM) model.  

To ensure consistency the PCM estimated NOx was also converted to NO2 concentrations using the 

convertor for the baseline i.e. without the CAZ.  The ‘with’ and ‘without’ CAZ predictions were 

compared to give an indicative impact on annual mean NO2 concentrations.  

As with the Government’s modelling the impact of RDE for light duty vehicles has not been taken into 

account35 due to the uncertainties as to the real impact in urban driving conditions. 

 Number of Euro VI/6 vehicles with no Clean Air Zone 9.3

There will be a significant proportion of vehicles on the roads in 2020 that meet the CAZ standards in 

2020, 2025 and 2030 due to the natural fleet turnover, as shown in Table 13.   

Defra’s’ source apportionment shows that in 2020 only 18% of the NOx along the A4 Bath Road east 

will come from buses and heavy goods vehicles.  A Class B CAZ, therefore, can only influence a 

minority of the sources that contribution to the high NOx and NO2 concentrations.  

A Class C CAZ additionally includes light goods vehicles but these contribute only a further 3% to the 

total NOx, and therefore this class of CAZ will also affect a minority of the sources of the high NOx 

and NO2 concentrations.    

 

  

                                              

 
33

 Baseline f leet composition data for the UK fleet.  http://naei.defra.gov.uk/data/ef -transport 
34

  2016, Emissions Analytics, Expert review  of DEFRA’s Air Quality Plan emissions predictions and 

uncertainties, Report for Gatw ick Airport Ltd.  
35

 Improving air quality in the UK, Technical Report, December 2015.  
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Table 13 Proportion of vehicles meeting the Clean Air Zone criteria in the baseline 

Vehicle Type  Proportion of Euro VI/6 diesel and Euro 4+ petrol (%) 

2020 2025 2030 

London Taxis diesel 24 59 88 

Petrol vans 90 99 100 

Diesel vans 62 91 100 

Buses 65 87 98 

Heavy goods vehicles – rigid 70 97 100 

Heavy goods vehicles  - articulated 91 100 100 
 

The proportion of the NOx from background sources, particularly from Heathrow Airport are forecast 

to increase over time.  Indeed the emissions from aircraft emissions are predicted to grow slightly 

from the 2013 baseline.  This is without a third runway which would increase the background 

concentrations from 2030. 

The indicative calculations suggest that some reduction in NOx concentrations in 2020 is predicted 

with the CAZs, but the reductions in NO2 concentrations in 2025 and 2030 are likely to be small and of 

a similar magnitude to the normal year to year variation in concentrations due to the weather. 

It should be noted that a CAZ may not be introduced by 2020; given the early stages of the 

development of proposals and that the AQP does not require the LEZ to be upgraded to a CAZ by a 

particular date. 
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10 Conclusions  

 Impact of Existing Low Emission Zones 10.1

The modelling of the London LEZ has consistently over-estimated its impact on NO2 concentrations.  

This is not surprising as NOx emissions from diesel vehicles have not declined as expected.   

A number of studies have also investigated the effects of LEZs using measured NO2 data.  The 

results of many of these studies, however, are not robust due to inadequate consideration of the 

confounding factors.  The results of the more robust studies are summarised below. 

 In London it appears that close to roads with a high proportion of heavy duty vehicles a 

reduction in NOx concentrations was observed after implementation of Phases 1 and 2 of the 

LEZ, but in central London there was no benefit.  In neither location was a reduction in NO2 

concentrations observed.   

 In Germany there is evidence from 17 LEZs that there has been a reduction in NO2 

concentrations of up to 4% (2 µg/m3), but unlike the proposals in the AQP, these LEZs 

included restrictions on private cars.   

 There was no effect of the implementation of five LEZs in the Netherlands and one in 

Denmark on NOx/NO2 concentrations  

According to the AQP similar zones in Germany and Denmark have improved air quality.  The 

conclusion of this study is that there is no clear evidence that existing LEZs have reduced NO2 

concentrations, except possibly in some German cities where cars have been restricted.  This may 

have been due to motorists in those LEZs being less likely to buy diesel cars than on comparable non 

LEZ cities. 

This is not surprising because there was little real world reduction in the NOx emissions from the 

diesel vehicles meeting LEZ standards and older vehicles. 

 Impact of Clean Air Zones Near Heathrow Airport 10.2

The main sources of the high NO2 concentrations alongside the A4 Bath Road to the north of 

Heathrow Airport are buses, cars and the airport operations.  A CAZ can only influence the road traffic 

emissions and therefore the impact of a CAZ in this location will be less than in central London where 

road traffic emissions dominate.  

The impacts of Class B and C CAZs in 2020 are likely to be of the same order as the year to year 

variation in concentrations due to the weather.  In future years the impact will be much smaller 

because virtually all vehicles will meet the CAZ standards due to the natural fleet turnover.  

Defra’s modelling is more optimistic.  In 2025 the AQP is predicted to reduce annual mean NO2 

concentrations by 5 µg/m3, although it is unclear as to whether this is largely due to the introduction of 

real driving emission tests or not.   

Defra predicts no benefit of the AQP in 2030, when the A4 Bath Road east is predicted to have the 4 th 

highest NO2 concentration in the country, albeit 10% under the limit value.  However given the 

modelling uncertainties it is considered likely that concentrations will be higher.  If the third Heathrow 

runway is operational in 2030 it is likely to extend the period to comply with the mandatory limit 

values.    
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ANNEX 1 

 

Differences between Streamlined PCM and full PCM calculations (Annual mean NO2 

concentrations in µg/m3)  

Statistic 

CLEAN AIR ZONE type 

A B C D 

Arithmetic mean -0.15 -0.20 -0.25 -0.16 

5th percentile -0.67 -0.71 -0.73 -0.64 

25th percentile -0.18 -0.24 -0.29 -0.18 

50th percentile -0.06 -0.11 -0.16 -0.09 

75th percentile 0.00 -0.04 -0.08 -0.03 

95th percentile 0.12 0.07 0.02 0.14 

Notes:   

The table show s Streamlined PCM minus PCM for the four CLEAN AIR ZONE scenarios.  Difference in annual 

mean NO2 concentrations for each road modelled (µg/m
3
) 

A percentile is the percentage of scores that are equal to or low er than it.  For example, a test score that is 

greater than or equal to 75% of the scores of people taking the test is the 75th percentile. 

50
th
 percentile is the geometric mean. 

 



 
 
 

Annex 7 



 
 

 
University of the West of England, Bristol 

 

 

 

 

 

A Review of the Incorporation of Vehicle Fleet Dynamics within  
Defra’s Final Air Quality Plan 
 
 
 
 
 
Submitted to: Gatwick Airport Ltd 

 

 

 

 

March 2016



1 
 

 

 

  

Client  Mr Robert Matthews (Gatwick Airport Ltd) 

Role Planning Advisor 

Address Gatwick Airport Ltd 

West Sussex 

RH6 0NP 

Telephone +44 (0)7884 116562 

E-mail robert.matthews@gatwickairport.com 

Prepared by Dr Tim Chatterton 

Reviewed by Prof. James Longhurst 

Address Air Quality Management Resource Centre 

University of the West of England 

Department of Geography and Environmental Management 

Room 3Q11  

Coldharbour Road 

Bristol 

BS16 1QY 

Report Reference Number AQMRC.GA.3.FINAL 

Date 24th  March 2016 



2 
 

Contents 
1. Executive Summary ..................................................................................................................... 3 

2. Introduction ................................................................................................................................ 4 

3. Commentary on coverage of Fleet Dynamics in Annex D ........................................................... 4 

3.1. Emissions standards and the current/projected vehicle fleet ............................................ 4 

3.2. Lack of clear spatial analysis ............................................................................................... 5 

3.3. Lack of information on vehicle age/Euro standard within and around the CAZs ............... 5 

3.4. Lack of clear distinctions around vehicle types, use and ownership .................................. 6 

3.5. Lack of information pertaining to vehicle ownership and response to the CAZs ............... 6 

3.6. Incorrect and limited assumptions about vehicle fleet ...................................................... 7 

3.7. Communication with Defra ................................................................................................. 8 

4. Conclusion ................................................................................................................................... 9 

Annex 1: Questions to and Responses from Defra relating to Annex D of the Technical Report ........ 11 

 

  



3 
 

1. Executive Summary 
This report considers the evidence and methodology presented by Defra regarding the assumptions 
it has made about vehicle fleet dynamics (the changing patterns in vehicles overtime in terms of 
vehicle age, length and type of ownership, purchase and scrappage rates etc.). These are a critical 
factor underpinning the accuracy of the modelling in its Air Quality Plan.  

The information relating to vehicle fleet dynamics in Defra’s plans, including for Clean Air Zones 
(CAZs), is lacking in sufficient detail to determine whether the conclusions of the modelling are 
robust.  There is neither clear detail on how the CAZs will influence either overall fleet dynamics or 
particular vehicle groups (cars, LGVs, HGVs, buses and coaches).  Neither is it transparent as to the 
proportion of pollution that various groups and ages of vehicles are currently responsible for, and 
how this will change under the plans.   

Within the methodology and data provided with the Air Quality Plan, there are also places where not 
only has the best available data not been used, but inaccurate or unsuitable data has been used.  
There are also examples of where erroneous logic has been applied.  Together these lead to 
considerable uncertainty as to the conclusions reached in the Plan regarding the timeframes for 
compliance of Zones with NO2 Limit Values. 

Key issues of concern include: 

• Deficiencies in the description or provision of data within the report, and ambiguity and lack of 
transparency, make the report inadequate for proper understanding and not of a standard that 
would be expected for this type of study (compared, for example, with previous such 
assessments undertaken for the London Low Emission Zone) given the importance of the 
Government’s Air Quality Plan; 

• No consideration of distances travelled by different vehicle classes, or the amount of pollution 
each group is responsible for; 

• Inadequate consideration of how both mileages in/outside CAZs and responses to the scheme 
will differ between different types of vehicle owner; 

• Unsupported assumptions regarding scrappage rates and vehicle upgrading; 

• Erroneous assumptions about effort and cost incurred by vehicle owners in upgrading vehicles 
in response to the CAZs. 

Together, these issues indicate a great deal of uncertainty about the current understanding of the 
baseline vehicle fleet and how this is contributing to the air quality problem, and about the way in 
which the CAZs will lead to changes in the vehicle fleet which will impact, positively and negatively, 
on air quality in and around the areas where CAZs are planned. 

Defra were contacted to seek clarification on a number of questions that arose in undertaking this 
study.   The information Defra have provided has reinforced the concerns and Defra themselves 
have acknowledged that a number of their assumptions would benefit from being refined (such as 
length of vehicle ownership and scrappage rates).   
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2. Introduction  
This report has been prepared by the Air Quality Management Resource Centre following a request 
from Gatwick Airport Ltd to review the assumptions on vehicle fleet dynamics (the changing patterns 
in vehicles overtime in terms of vehicle age, length and type of ownership, purchase and scrappage 
rates etc.) which underpin modelling predictions in the Government’s Air Quality Plan.  The report 
highlights a number of areas where important information necessary for interpreting the modelling 
and estimating uncertainties have not been included within, or been properly explained or justified 
in, the Air Quality Plan and its supporting Technical Report.   

This report identifies five main areas where either there is insufficient information available to give 
confidence in the predicted outcomes of the CAZs, or where the methodology used is questionable. 
These include baseline and predicted penetration of emission technologies in the vehicle fleet, clear 
and appropriate analysis by vehicle type, recognition of how different types of vehicle owner may 
respond differently to the schemes, assumptions around the length and transfer of ownership of 
vehicles, and any significant spatial dimension to the analysis. 

This means that the Plan is lacking the type of detail that is necessary to give full confidence in its 
projections. 

The following sections summarise these main areas of concern. 

3. Commentary on coverage of Fleet Dynamics in Annex D 
Annex D of Defra’s Technical Report in support of the proposed Clean Air Zones sets out details of 
the fleet adjustment model which quantifies the costs and benefits associated with the CAZ 
measures in the Air Quality Plan.  This section provides a critical review of the information provided 
in or lacking from the Technical Report.    

Overall, it is found that neither the data presented nor the level of analysis that has been 
undertaken, is of sufficient quality to ensure transparency, avoid ambiguity or to allow confidence in 
the modelled outcomes.  

In assessing what might be a reasonable level of detail and analysis for a national government report 
of this nature and importance, the 2006 impact assessment for the London Low Emissions Zone 
commissioned by TfL and undertaken by Steer Davis Gleeve1 has been considered a suitable 
benchmark. 

3.1. Emissions standards and the current/projected vehicle fleet 

Data is not presented within the Air Quality Plan nor its Technical Report that allows a clear 
assessment of the penetration of different emission technologies (by vehicle Euro Standards) across 
the current fleet, or how these are projected to change under either the Baseline projections or the 
Air Quality Plan’s ‘Plan Scenario’ (including the impacts of the Plan’s measures including proposed 
CAZs in five UK cities and a tightening of the vehicle charging regime within the existing Greater 
London Low Emission Zone).  In the absence of this information it is impossible to understand the 
context in which CAZs will develop – whether they are seen to be “mopping up” the few remaining 

                                                           

1 http://content.tfl.gov.uk/economic-impact-assessment.pdf  

http://content.tfl.gov.uk/economic-impact-assessment.pdf
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pre-Euro VI vehicles in the country or whether they are discouraging, by way of new charges, the 
worst of a still dirty vehicle fleet from entering six urban centres. 

Without this information it is impossible to assess whether CAZs are an appropriate (single) measure 
for driving improvement in the vehicle fleet(s) in the areas proposed for CAZs, or whether other 
incentives/disincentives through measures such as fuel and vehicle excise duty need to be 
considered.  Here it should be noted that the Government currently plans to remove graded VED for 
vehicles registered after 2017 beyond the first year, removing one of the existing policy levers for 
incentivising uptake and maintenance of a cleaner vehicle fleet.   

3.2. Lack of clear spatial analysis  

It is difficult to make any assessment of the modelling work spatially in the absence of clear maps 
that indicate, at the very least, the assumed boundaries of the CAZs.  These are described in para. 
154 of the Technical report:  “the Clean Air Zones in each area included all roads that were projected 
to exceed the limit values (40μg/m3) in 2020. Each Clean Air Zone was defined based on natural 
boundaries such as existing roads or rivers, or based on existing local authority research where 
possible.”  However, the only maps provided in Annex 3 of the Overview Document do not give 
sufficient indication of where these boundaries are for a proper understanding of their likely 
impacts. 

There is no clear presentation of how local characteristics might alter the impact and effectiveness 
of the CAZs.  In particular, it is hard to establish the extent to which traffic in and around the CAZs is 
locally based, or travelling from further afield and therefore how spatial variations in fleet 
characteristics (especially age/Euro Standard) might impact on expected reductions.  Fundamental 
questions such as “Does the area in and around a proposed CAZ tend to have older or younger 
vehicles of particular types than the fleet average?” are not explored.  

Uncertainties about whether the proposal to strengthen the London wide LEZ to become equivalent 
to either a Class C or Class B CAZ (i.e. to include LGVs or not) (Main Report p129-130) are not clearly 
explained in terms of their impacts.  This highlights, however, the extent to which there are large 
uncertainties around the impacts of the CAZs, particularly in their impact on redirecting traffic 
around them.  Table D6 of the technical report indicates that 24%+ of LGVs, HGVs and coaches will 
re-route in order to avoid the zone, potentially causing not only a very significant impact on air 
quality in areas immediately surrounding them  but also an increase in regional background 
concentrations. 

Another uncertainty raised by this point is inconsistency in the way that references are made to 
vehicles.  Table 4 of the Overview Report setting out which vehicles are affected by different CAZ 
classes refers to “Light Goods Vehicles”. However Table 5 places cars and Light Commercial Vehicles 
(up to 1305kg) as one category and Vans (1305-3500kg) as a separate category.  This makes it hard 
to establish precisely what vehicles would be affected by a Class C rather than a Class B CAZ. 

3.3. Lack of information on vehicle age/Euro standard within and around the CAZs 

Whilst information is available in the report on the number of vehicles of each subgroup within the 
CAZs, there is no analysis of the extent to which these vehicles match the Euro standard profiles of 
the national fleet, or indeed whether they are the same across all six CAZs (i.e. including London). 
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Without data on the assumptions about either current or future penetration of emissions 
technology across the fleet (or parts of the fleet) the report lacks the transparency necessary for 
proper understanding of the assessment. 

The baseline scenario (para 263) is based on “The fleet composition (number of vehicles by age and 
vehicle type - Buses, coaches, taxis, HGVs, LGVs and cars);” and “The number of vehicle kilometres 
driven by each type of vehicle, inside and outside of the proposed Clean Air Zone and their location” 
There is no evidence provided that the distance driven inside and outside the CAZ has been analysed 
in terms of the vehicle age (i.e. Euro Standard).  This would seem to be an essential task given the 
nature of both the problem and the solution, and the fact that fleet composition has already been 
broken down by age.  It is unfortunate that many of the questions that arise from this review are a 
result of the absence of clearly presented data on the methodology and information on which the 
assessment work is based. 

3.4. Lack of clear distinctions around vehicle types, use and ownership  

In the information provided in Annex D there is a lack of evidence provided around how fleet 
dynamics vary across different vehicle types and types of owners.  In particular this relates to age 
profiles of vehicles (across the fleet and across different types of owners), length of ownership and 
scrappage rates. 

Whilst responses to the CAZ measures are provided by vehicle type, it is not clear how responses 
may differ across different types of owner.  If, for example, construction companies had a tendency 
to one type of reaction and goods delivery companies another, this may affect the overall impact of 
the CAZs depending on their baseline driving patterns and the relative mileages they undertake in 
the CAZs (due to very different usage patterns between these owners).  The Impact Assessment for 
the London Low Emission in 2006 provides a good example of where this is taken into account.  

3.5. Lack of information pertaining to vehicle ownership and response to the CAZs 

As described above, there is little evidence presented on how different vehicle classes have been 
treated within the modelling work.  The greatest differentiation between vehicle classes is made in 
Table D6 of the Technical Report which indicates that for different classes, between 68% and 100% 
of vehicle owners will choose to replace their vehicle.  However, it should be noted that the 
differentiation is based on the type of vehicle not the type of owner e.g. large/small business, public 
sector, leasing organisation etc.).  The work commissioned by TfL for the London Low Emission Zone 
clearly demonstrates how different types of owner are likely to respond differently. 

No evidence has been provided to support the conclusions in Table D6 regarding responses to the 
schemes.  Additionally, there is no clear assessment as to which vehicle types are likely to have 
owners who are willing to pay the charge to keep on driving within the CAZ as opposed to upgrading 
their vehicle(s).  Nor is consideration given to how the CAZs might affect the second-hand price of 
vehicles and how this might lead to willingness to paying the charge on the basis of the ability to 
purchase of cheaper, non-compliant, second-hand vehicle. It can be argued that it will be the dirtiest 
vehicles (owned by people/companies who cannot afford newer compliant vehicles) rather than 
ones which only fall a little short of the emissions criteria that continue to drive within the zone or 
re-route to driver longer distances around the zone.  Thus the impact of the scheme may be limited 
by continued use of very dirty vehicles both inside and outside the zones. 
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Para. 283 states the assumption that 25% of the owners who upgrade will scrap their existing vehicle 
rather than sell it on. This is an important assumption, the basis and consequences of which are not 
made clear. It is also likely that (as with the decision to replace a vehicle or not) the decision to scrap 
will be heavily dependent on the vehicle type and specific characteristics of the second hand market 
for that type of vehicle.  Data on scrappage and reasons for scrappage are hard to come but much 
greater explanation of this assumption is required in order to properly understand it.  If this 
proportion of vehicles are not scrapped then there is the potential for these dirtier vehicles to 
remain as part of an expanded vehicle fleet, again limiting the benefits of the CAZs. 

3.6. Incorrect and limited assumptions about vehicle fleet 

The fleet dynamics model contains an assumption (para. 291) that the introduction of the CAZs will 
require no additional effort on the part of vehicle owners in achieving compliance with the 
requirements.  For the reasons set out below this is based on both poor data and erroneous logic.   

Firstly, it is based on an estimation of the length of average vehicle ownership being 4 years.  
However, the four years figure relates to cars and not the majority of vehicles that will be affected 
by the CAZs (cars are not affected, except by Class D CAZs).  The figure of 4 years seems to be based 
on the Liebling/RAC (2008) report’s claim that annual second hand vehicle sales are “around 3 times 
the number of new car sales [which] implies that each car has around four owners before it is 
scrapped at around 16 years, the average length of ownership being around 4 years” However, this 
figure is contradicted elsewhere in the Liebling/RAC (2008) report by another calculation which also 
estimates average ownership of cars to be somewhat longer.    

This calculation takes a figure for the average scrappage rate across the entire car fleet (N.B. cars 
only) and then divides it with another figure for the number of owners averaged over the entire car 
fleet.  This does not account for any systematic variation in the relationship between these two 
parameters at the vehicle level (for example that vehicles with more/fewer owners may tend to be 
scrapped earlier/later than 16 years). Also, there is no indication of what year or years this 4 year 
ownership assumption is founded on.  Elsewhere in the Liebling report, based on other data, it is 
found that “the [average] length of ownership for private and company cars…has gradually increased 
from just under 4 to nearly 4 ½ years for private cars over the period 1989 to 2003 and just over 2 to 
around 3 years for company cars”. This indicates the time sensitivity of assumptions about car 
ownership, as well as the fact that different classes of owner (e.g. private vs company) affect the 
length of ownership. Given that the majority of cars are purchased initially by companies, then the 
shorter initial ownership will mean longer ownership periods subsequently. Also, vehicles have 
become increasingly reliable and thus last for longer before being scrapped.  The TNO report 
suggests that an average life for a vehicle is now 17 years in most European countries. 

Even if one was to take the assumption of 4 years to be correct, the subsequent conclusion that 
there will be no additional effort required in updating the vehicle fleet is clearly erroneous.  The 
average ownership length of 4 years implies that some owners keep their vehicles longer and some 
shorter.  Any owners who tend to keep vehicles less than 4 years will have zero effort required of 
them, but all owners who tend to keep vehicles longer than 4 years (who may also be likely to be 
those with the older vehicles that need to be upgraded) will be required to exert a positive amount 
of effort if they upgrade their vehicle.  Therefore the net amount of effort required MUST be 
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positive. It would follow that there would be a positive net cost to owners, which has not been 
recognised in the Plan. 

3.7. Communication with Defra 

Defra were contacted to seek clarification on a number of questions that arose in undertaking this 
brief review of fleet dynamics.   However, although they have provided further information, this has 
served to reinforce the concerns presented here, and Defra themselves have acknowledged that a 
number of their assumptions would benefit from being refined (such as length of vehicle ownership 
and scrappage rates).   

.  The questions to Defra and their responses have been appended to this report in Annex 1. 
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4. Conclusion 
The information on vehicle fleet dynamics presented in the Air Quality Plan Technical Report is 
limited in scope and does not provide enough detail to establish a clear picture of how changes in 
the vehicle fleet have been accounted for in the Plan. As the report currently stands, and in the light 
of direct communication with Defra, it seems likely that the representation of fleet dynamics is 
neither detailed nor accurate enough to form a reliable basis for modelling work.  

In particular, the absence of analysis at the level of i) emissions profiles for each vehicle group and ii) 
varying behaviours of different vehicle ownership groups (both in baseline driving distances, vehicle 
ownership and in response to the CAZs), mean that it is hard to understand how any changes that do 
occur in the vehicle fleet will be reflected in overall changes in emissions. 

The lack of any clear spatial representation also raises the issue of how the zones might have a 
negative impact on air quality and congestion in areas outside the CAZs and, in particular, on the 
periphery of them, e.g. the edge of outer London.  These effects are likely to come about mainly 
through re-routing of dirty vehicles around the zone, but also potentially through a greater 
availability of cheaper non-compliant vehicles for those who do not need to access the zones, those 
who access the zone infrequently, or those who purchase an older, more polluting, vehicle at lower 
cost and in return are willing to pay the charges to enter the CAZ. 

A number of questionable assumptions have been made regarding aspects of the fleet dynamics.  In 
particular we would question the appropriateness of the average length of vehicle ownership, and 
the assumptions regarding dirty vehicles leaving the fleet by being scrapped as owners replace their 
vehicles. 

The information relating to vehicle fleet dynamics in Defra’s plans for CAZs has been found to lack 
sufficient detail to determine whether the conclusions of the modelling are robust.  There is 
inadequate detail on how the CAZs will influence overall fleet dynamics, or particular vehicle groups 
(cars, LGVs, HGVs, buses and coaches).  Neither is it transparent as to the proportion of pollution 
that various groups and ages of vehicles are responsible for, and how this will change under the 
plans.   

Within the methodology and data provided, there are also places where not only has the best 
available data not been used, but inaccurate or unsuitable data has been used.  There are also 
examples of where erroneous logic has been applied.  Together these lead to considerable 
uncertainty as to how conclusions regarding compliance have been arrived at and the extent to 
which they can be relied upon. 

Key issues of concern include: 

• Lack of data, leading to ambiguity and lack of transparency, making the report inadequate for 
proper understanding and not of a standard that would be expected, given the importance of this 
Plan; 

• No consideration of distances travelled by different vehicle classes, or their differing 
contributions to pollution; 
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• Inadequate consideration of how both mileages in/outside the zone and how responses to the 
scheme will differ between different types of vehicle owner; 

• Unsupported assumptions regarding scrappage rates and vehicle upgrading; 

• Erroneous assumptions about effort and cost incurred by vehicle owners in upgrading vehicles in 
response to the CAZs. 

These issues indicate a great deal of uncertainty about the current understanding of the baseline 
vehicle fleet and how this is contributing to the air quality problem, and about the way in which the 
CAZs will lead to changes in the vehicle fleet which will impact, positively and negatively, on air 
quality in and around the declared areas. 

On this basis, it is considered that the assumptions about fleet dynamics, so far as they are available, 
do not give confidence in basis for modelling, and there is therefore significant uncertainty regarding 
the projected timeframes set out in the Plan for when compliance with NO2 Limit Values will be 
achieved. 
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Annex 1: Questions to and Responses from Defra relating to 
Annex D of the Technical Report 
 

1. Q. Is any further information available about the sources/basis for the assumptions in Table 
D2 – especially with age of vehicles – the reference given for the RAC appears to refer 
specifically to cars which are only applicable in one of the CAZs.  

 

A. The introductory year of each euro standard, for each vehicle type, is set by the European 
Commission. Vehicles are manufactured to this euro standard until a new standard is set; 
this allows us to set the periods in which each euro standard is produced. Within the 
modelling, we use an average age of each euro standard.  

 

2. Q. Is there any simple summary information available on key data and assumptions about 
numbers of vehicles per type split down by age etc.? 

 

A. The National Atmospheric Emissions Inventory has provided data on fleet composition to 
Defra. This data shows the proportion of fleet by Euro Standards, which have an associated 
age based on the production period for each euro standard. We have recently received 
updated data on fleet numbers; therefore for the impact assessment, this will change 
slightly.  

 

In order to estimate the number of vehicles per zone, Trafficmaster data has been used to account 
for any potential overlap in vehicles entering different zones. This enables us to estimate the 
number of unique vehicles affected by the CAZ network. The data is scaled up for the five cities in 
question from data from London’s Low Emission Zone.  

 

Within the modelling, fleet composition by Euro Standard is assumed to be constant in the first year 
of the baseline regardless of the network of CAZs which are considered. Following the first year we 
assume vehicle churn with a standard churn rate of a 4 year ownership period. Fleet composition is 
assumed to be constant as the data of the fleet composition of vehicles entering each local authority 
is not available so the composition of the national fleet is used as a standard for the rest of the local 
authorities.  

 

The fleet is assumed to churn according with our standard churn rate assumption of 4 year 
ownership periods.  
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We have included the total number of vehicles entering the Clean Air Zones in Table 1 below. 

 

Table 1 - Vehicles entering the zone (based on Trafficmaster data from DfT) 

Vehicle 
type 

Petrol Cars Diesel Cars Petrol LGVs Diesel LGVs RHGVs AHGVs Buses Coaches 

Number of 
vehicles 

2,714,884 2,312,679 41,302 1,335,439 244,355 114,990 14,170 43,181 

 

3. Q. In Table D6, what is the basis for assuming the proportion of owners who respond in each 
way?  Also are there figures for how many would be affected in each CAZ? 

A. The figures given in D6 were based on an academic review undertaken by Defra, combined 
with data from the London LEZ. Retrofitting was an option suggested at a later point; 
however it was not economically rational for vehicle owners to pursue as the price (£17,000) 
was higher than the total cost of the upgrade.   

 

4. Q. In para 283 there is an assumption that 25% of the vehicle owners who upgrade would 
scrap their vehicles, and in para 296 there is an assumption that “25% of vehicles will be 
bought new (to replace the scrapped vehicles)” – was there a basis for these? 

A. We assume that there is no change in number of vehicles in the fleet due to the policy, 
therefore the number scrapped must equal the number of vehicles bought new. Those being 
bought new, however, are not assumed to directly replace those scrapped. This is the net 
impact of the policy throughout the UK.  

This estimate was based upon expert judgement and with a consultation with other departments. 
We are looking to refine this assumption for the impact assessment through further discussion with 
academics and TfL. 

 

5. Q. Para 291 states that due to the 4 year notice period, additional effort would be zero in 
purchasing new vehicle, but as the average ownership length of 4 years implies that some 
owners keep their vehicles longer and some shorter.  Any owners who tend to keep vehicles 
less than 4 years will have zero effort required of them, but all owners who tend to keep 
vehicles longer than 4 years (who may also be likely to be those with the older vehicles than 
need to be upgraded) with be required to exert a positive amount of effort.  Therefore the 
net amount of effort required MUST be positive. 
A. Based on a low expected transaction cost and the average upgrade occurring within the 

period leading up to 2020, this simplifying assumption was made.  We are also looking to 
refine this assumption based on vehicle ownership length. 
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6. Q. Is any analysis available with regard to impacts from dirtier vehicles from near the CAZs 
being transferred to other parts of the country? (Para 298 states “owners who operate 
outside the Clean Air Zones….will be able to purchase vehicles which do not meet standards 
at a lower price”) 

 

A. There are two ways in which impacts outside the zone are quantified.  Firstly, we 
assume there will be reductions in total UK emissions due to the oldest (and therefore 
dirtiest) vehicles being scrapped. Those vehicles from inside the zone, which did not 
meet the standard, are expected to be bought by vehicle owners who are upgrading 
from a lower standard; with the dirtiest vehicles down the chain being scrapped.   

There is also the impact of vehicles avoiding the zone, which will increase emissions outside of the 
zones. This has been quantified; however the net impact outside the zone is a reduction.  

The impacts of these changes in outside zone emissions are valued using the transport average or 
the outer conurbation damage cost, where most appropriate.   

 

7. Q. Related to this, there is an assumption is that the total number of vehicles in the vehicle 
parc remains constant, however this is based on the assumption that the value of these 
vehicles will “fall to zero”.  However, is there potentially a latent demand outside of the CAZs 
for vehicles  that might be filled by vehicles whose price has been reduced to ‘close to zero’, 
thus allowing cheap initial access to car ownership which can then be managed monthly 
(especially as VED can now be paid on Direct Debit)? 

A. Vehicles currently exist in the market at a value of near zero. Whilst the standard of vehicle 
available at this price may make marginal improvements, we would not expect to see a rise 
in affordability due to running costs of keeping a vehicle, and consequently nor any growth 
fleet size, as a result of this policy. In terms of economic logic, as we are increasing the cost 
of operating a vehicle, it seems counterintuitive that there would be a resulting increase in 
vehicles ownership and usage as a result. 

 

8. Q. Para 300 states that “Vehicle owners will recoup some of the costs of purchasing a newer 
vehicle via fuel savings”.  However, Table D4 has indicated that apart from light vehicles “all 
other vehicle types are assumed to have no change in fuel consumption”.  Have I 
misinterpreted something here? 

A. Current fuel efficiency projections from DfT WebTAG demonstrate that only LGV’s and cars 
would see increased fuel efficiency however HGV’s and buses/coaches would see no 
improvement.  

 

We are further refining these estimates for the impact assessment of the NO2 plans as there has 
been conflicting reports from industry on fuel efficiency improvements for HGVs.  
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It is worth noting that we assume that HGVs and buses would recoup some their costs from 
additional benefits such as lower maintenance costs, however these have not been quantified in the 
plan. We are looking into gathering further evidence on this for the Impact Assessment.  

9. Q. Para 307 states: “The residual value of the vehicles scrapped prior to the introduction of 
Clean Air Zones has been calculated based on the age of vehicle and depreciation rates over 
time. For example, a vehicle with a limited operational life remaining but which is scrapped 
earlier is valued at the estimated price of a vehicle of that type and age.”  Are any figures for 
vehicle values, scrappage rates/ages available from these calculations? 

A. Vehicle values and composition are calculated using Trafficmaster data from DfT GPS 
Journey information data as highlighted in the vehicle characteristics inputs Table D2. 

Using an average depreciation rate for each vehicle type, we are able to calculate the value of each 
vehicle type per Euro standard. This provides us with the vehicle value in the baseline, i.e. before the 
implemented policy led to its reduction to zero. Scrappage rates are as noted in the previous answer 
- an additional 25% of those vehicle owners which would upgrade will scrap their vehicles. We 
assume that the oldest vehicle is scrapped as this is expected to have the lowest residual value. 

 

Table 2 – Value of vehicles by Euro Standards after 5 years of depreciation (from 2015 to 2020) 

  Petrol 
Cars 

Diesel Cars Petrol 
LGVs 

Diesel 
LGVs 

RHGVs AHGVs Buses Coaches 

Euro 1 £118 £118 £169 £169 £273 £364 £546 £546 

Euro 2 £237 £237 £374 £374 £604 £806 £1,208 £1,208 

Euro 3 £567 £567 £679 £679 £1,630 £2,173 £3,259 £3,259 

Euro 4 £1,138 £1,138 £1,831 £1,831 £4,396 £5,861 £8,791 £8,791 

Euro 5 £2,722 £2,722 £4,051 £4,051 £9,722 £12,963 £19,444 £19,444 

Euro 6 £7,749 £7,749 £10,927 £10,927 £26,224 £34,965 £52,447 £52,447 

All 
Standards 

£4,501 £4,703 £5,770 £6,337 £20,245 £29,967 £32,652 £32,652 

 

 

10. Q. Para 317 states “For those vehicles scrapped, as a result of the Clean Air Zones, a 
calculation has been made to account for the emissions savings that would have been 
incurred over the ten year assessment period. The distance travelled by each scrapped 
vehicle per annum and the emissions produced as a result, is multiplied by the remainder of 
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each scrapped vehicles expected lifetime within the assessment period. This provides the 
expected emissions which are no longer produced on the roads by scrapped vehicles, as a 
result of the traffic restrictions.” Are there figures available for this – particularly the 
mileages and predicted (with and without CAZ) scrappage dates. 

 

A. The methodology, for considering the mileage of those scrapped, is completed through 
several steps. Upon implementing the zone, we calculate the fraction of time that vehicles 
would spend in the network by each average vehicle type and multiply it by the average 
annual distance travelled (an average distance split into vehicle types). Following this, we 
apply the behavioural impacts i.e. who will upgrade, avoid the zone, pay the fine etc. which 
gives us the number of vehicles that would be scrapped. The resulting vehicles that are to be 
scrapped are multiplied by the average mileage that would have been travelled in the zones. 
This allows us to calculate the expected benefits of not having those cars within the zone. 

Table 3 Average distance travelled (km/year) 

Petrol Cars Diesel Cars Petrol LGVs Diesel LGVs RHGVs AHGVs Buses Coaches 

11,985 18,348 8,821 22,729 48,644 74,318 48,586 18,269 

 

11. Q. Are there are any outputs (or inputs) available that highlight the differences between 
private and commercial ownership and different vehicle types? 

 

A. No inputs involve private/commercial ownership as we calculate the change in emissions 
and what vehicle change would be required to meet that. However, when the costs are 
calculated, the following splits are used to highlight where the costs fall. It is assumed that 
all buses and heavy goods vehicles are owned by businesses. While light goods vehicles are 
53% privately owned and 47% company registered, we assume the privately registered 
vehicles to be used for business purposes therefore we assume that all costs incurred are 
costs to business.   Only 8.6% of cars are considered to be business owned with the 
remaining privately owned.   

 

12. Q. To what extent has vehicle leasing been considered within the study?  (I presume with 
this that it would simply put a lot of vehicles in the “don’t need to worry about them” 
category, but particularly with the commercial vehicles it would be interesting to see any 
data/ assumptions) 

 

A. Vehicle leasing was not considered in this study as it is assumed that a similar process would 
occur. Vehicle owners would still choose whether they would pay the fine, upgrade, or avoid 
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the zone. If they chose to upgrade, leasing companies may be able to redistribute non- 
compliant vehicles outside of the zone or sell the vehicles on. 
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Executive Summary 

In December 2015, the Department for the Environment, Food and Rural Affairs (Defra) published 

for consultation a Draft Air Quality Plan, which set out actions at local, regional and national levels 

needed to meet the annual and hourly EU limit values for nitrogen dioxide. 

In their interim (September 2015) and final (November 2015) responses to Defra’s consultation, 

Gatwick Airport Ltd (GAL) expressed particular concern about the: 

 Transparency and adequacy of the consultation process; and 

 Modelling predictions 

 

Specifically these were that:  

1. Insufficient meaningful information has been made available to enable stakeholders to 

comment fully 

2. There is a high degree of uncertainty about projected vehicle emission factors and 

related test results, and the emissions assumptions in the Plan are too optimistic 

3. There are significant weaknesses in the modelling methodology, and no evidence that 

performance of the model has been verified 

On 1st February 2016, Defra published a Summary Report of the Responses it received on the Draft 

Plan. 

GAL, were concerned that the issues they had raised were not reported in the Summary Report of 

Responses.  GAL therefore made a request of Defra for copies of the responses received so that it 

could undertake a review.  This request was rejected but Defra provided a list of 232 of the 

respondents.  

GAL commissioned UWE to undertake an independent review of consultation responses that could 

be obtained in order to determine whether other stakeholders had shared GAL’s concerns. 

UWE obtained contact details for 85 of the 232 respondents and from this obtained copies of 20 

responses directly by email request and a further 23 via other sources, e.g. trade press, web 

searches and personal communication. These 43 responses were systematically reviewed.  

Of the 43 responses reviewed, it was found that 19 (44%) commented on the consultation process 

including the lack of available technical data, whilst 22 (51%) expressed concerns about the model 

predictions; 16 (37%) commented on both.  A summary of the responses under these themes is 

presented below: 

The transparency and adequacy of the consultation process 

 Evidence Annex inadequate to substantiate the consultation document. 

 Absence of Technical Report rendered the draft air quality plan incomplete and 

undermined respondents’ ability to comment. 

 Online form too prescriptive to facilitate open responses. 

 Timing of the consultation precluded significant revision of plans prior to submission. 

 Inadequate detail on implementation, timing and impact of actions. 

The robustness of the modelling and supporting data 

 2013 baseline ignores developments that have worsened air quality in the interim. 
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 Real-world representativeness of COPERT emission factors criticised. 

 CAZ vehicle classes not representative of local authority exceedence areas’ fleet 

composition. 

 Four-year fleet turnover and uptake of ULEVs queried due to the recession. 

 Resolution of streamlined PCM too coarse to capture local exceedences. 

 Modelled NO2 validated against background AURN monitoring sites. 

 Plan refers to discontinued (and incorrectly sited) roadside AURN monitors. 

 Geographical inconsistencies between local authorities and modelled zones and 

agglomerations. 

This independent review of consultation responses, clearly demonstrates that GAL’s concerns about 

the transparency and adequacy of the consultation process and the accuracy of the model 

predictions were concerns that were widely held.  

Despite these views having been expressed by numerous respondents, it is surprising that no 

reference is made to them in the Summary Report of Consultation, including the two sections of the 

Report that summarise  common themes raised and the Government’s responses to issues raised.  

The reasons for this omission are unclear, but the failure to report and acknowledge these widely 

expressed concerns suggests that they have been overlooked and ignored by Defra in the 

preparation of the Final Air Quality Plan. There is certainly no evidence to suggest that these 

concerns have been considered by Defra in preparing the Final Plan. 

In summary, Defra’s Summary of Responses fails to properly report consultation responses 

expressed by a large number of stakeholders which must lead to a concern that these widely held 

views have not been considered or addressed in the preparation of the Final Air Quality Plan. 
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1. Introduction 

In December 2015, the Department for the Environment, Food and Rural Affairs (Defra) published 

for consultation a Draft Air Quality Plan, which set out actions at local, regional and national levels 

needed to meet the annual and hourly EU limit values for nitrogen dioxide. This Draft Plan was 

produced in response to the UK Supreme Court ruling in April 2015, which ordered that the 

government must submit new air quality plans that covered all zones and agglomerations that 

were in breach of the EU limit values to the European Commission by no later than 31 

December 2015. The purpose of the plan was to fulfil the legal obligation to achieve the nitrogen 

dioxide limit values in the shortest possible time. 

The consultation, which applied to England, Wales and Northern Ireland, ran between 12 September 

and 6 November 2015.  

 

Gatwick Airport Ltd (GAL) submitted interim and final responses to the consultation in September 

and November 2015 respectively. In these responses and amongst other important matters raised 

GAL expressed particular concern about the: 

 Adequacy of the consultation process 

 Modelling predictions 

As reported in their final consultation response, specifically these were that:  

1. Insufficient meaningful information has been made available to enable stakeholders to 

comment fully 

The analysis of the problem, the proposals for tackling it, and the projected results as set 

out in the draft Plan, are not supported by sufficient meaningful information or data to 

enable us to take a view on their reasonableness or robustness.  

Given that the previous 2011 Plan proved to be overly optimistic in its predictions it is 

vital that all assumptions are fully detailed and justified. The information presented in 

the draft Plan does not provide sufficient information to allow informed comment on the 

assumptions made and this lack of transparency must cast serious doubt on the validity 

and lawfulness of the consultation process and of policy making based on it.  

 

2. There is a high degree of uncertainty about projected vehicle emission factors and 

related test results, and the emissions assumptions in the Plan are too optimistic 

The modelling of future vehicle emissions is much more optimistic than in previous Defra 

modelling, which is hard to understand given the current failure of vehicle engines to 

meet their projected emission performance – a point given added weight by recent 

revelations of deliberate falsifying of test results by a major vehicle manufacturer. 

In the light of the vehicle emissions scandal, the Secretary of State for Transport’s 

recently launched review of vehicle emissions tests and test data, to be carried out by the 

Vehicle Certification Agency (VCA), is very important. It is not obvious how the UK’s Air 

Quality Plan can be finalised on a robust basis without the results from this review being 

available. The outcome of this review must be used to inform the assumptions used to 

model future air quality in the Plan. 

Until this review is completed the Air Quality Plan should be based on the best evidence 

available as to “real world” vehicle emissions.  Gatwick therefore disagrees with the use 

of the latest COPERT emission factors as the basis for the analysis underlying the draft 

Plan and considers that it would be more realistic for the Government to base its Air 
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Quality Plan on the “alternative scenario” modelled by Defra - which is likely to be much 

more representative of ‘real world’ emissions. Use of the ‘’alternative scenario’’ would 

move the projected compliance date for most UK Zones from around 2020 (as projected 

in this draft Plan) to after 2030. 

 

3. There are significant weaknesses in the modelling methodology, and no evidence that 

performance of the model has been verified 

In addition to the issues relating to uncertainty about predicted vehicle emissions and the 

introduction of CAZs, there are a number of other concerns about the soundness and 

robustness of the latest modelled predictions set out in the Plan. These include the lack of 

evidence that any model performance verification has been carried out, and a lack of 

clarity as to which mitigation measures have been included in the baseline modelling and 

which measures have not. 

These are further serious omissions, adding weight to our view that the draft Plan is 

insufficiently robust, and that the broad timeframes set out in the draft Plan for the date 

when the NO2 limits will be complied with are likely to be overly optimistic. 

 

GAL was also made aware at the time that other respondents had expressed similar views. 

The results from the consultation, and wider public engagement, informed the Government’s Final 

Air Quality Plan, which was published on 17 December 2015.  

On 1st February 2016, Defra published a document summarising the consultation responses and the 

Government’s position on the issues raised, including resultant changes to the plan1. It reports that 

in total, 729 responses to the consultation were received, comprising:  

• 403 responses through the Citizen Space online portal responding directly to the questions;  

• 79 responses by email or post; and  

• 247 duplicated campaign responses, organised through the Campaign for Better Transport  

On reviewing the Defra’s Summary of Responses document GAL noted that the comments it and 

others had made to the Draft Plan (listed above) were not reported. GAL therefore sought the full 

list of responses from Defra, but were advised that individual responses would not be made 

available on this occasion. Defra did, however, provide a list of 232 respondents that had not 

requested confidentiality to GAL in February 2016.  

In order to determine whether other stakeholders had shared their concerns, GAL commissioned 

UWE to undertake an independent review of consultation responses that could be obtained. The 

following approach was undertaken to fulfil this commission. 

 

2. Method 

From Defra’s list of 232 respondents, email addresses were obtained through web searches for 85 

contacts , to which UWE sent an email requesting their full text responses with a one-week response 

deadline (11th March 2016), generating 20 responses (24% response rate). In addition, UWE 

obtained responses via web searches and personal communication, generating a further 23 

                                                           
1 https://www.gov.uk/government/consultations/air-quality-draft-plans-to-improve-air-quality  

https://www.gov.uk/government/consultations/air-quality-draft-plans-to-improve-air-quality
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responses.  (Responses from GAL and UWE were not included in the interests of impartiality.) A total 

of 43 responses were therefore received, representing 6% of the total number of 729 responses 

received by Defra. 

These 43 responses were systematically reviewed against the following criteria specified by GAL: 

• The transparency and adequacy of the consultation process 

• The robustness of the modelling and supporting data 

 

3. Results 

Of the 43 responses received: 

• 19 were from local government, 11 of which were from London area authorities 

• 3 Public Transport Executives/Public Transport Consortium 

• 11 charities/NGOs 

• 4 professional bodies 

• 1 Commons Select Committee (Environmental Audit Committee) 

• 3 private companies 

• 1 consultant (Air Quality Consultants Ltd) 

• 1 residents’ association (Federation of Bath Residents Associations) 

Five (1%) respondents did not make any substantive response in relation to the criteria specified 

for this review, i.e. the transparency of the consultation process or the robustness of the 

modelling. Nineteen (44%) made comments explicitly about the transparency and adequacy of 

the consultation process, whilst 22 (51%) commented on the robustness of the model; 16 (37%) 

commented on both. Relevant comments have been extracted verbatim and compiled in 

Appendix 1 and discussed below. 

 

3.1. The transparency and adequacy of the consultation process 

There were some comments that the online form was too prescriptive and didn’t allow 

respondents to fully express their concerns, leading the majority of the responses reviewed to 

either ignore the form entirely or to supplement Defra’s questions with their own narrative. 

There was some concern expressed about the timing of the consultation, so close to the 

deadline for submission to the European Commission, that precluded any significant revision of 

the draft plans on the basis of the responses. 

Further comments focused on the inadequacy of the 25-page Evidence Annex and, specifically, 

the absence of the supporting Technical Report, which was not published until after the 

consultation period had closed, as without evidence to support the underlying assumptions and 

estimates in the draft plan, respondents did not feel equipped to fully critique the modelling 

methodology, using the streamlined PCM model, or the results. For example, Environmental 

Protection UK highlighted that without the technical report: 

 we cannot assess why the number of predicted non-compliant areas has decreased 

dramatically; 
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 we cannot assess the necessary fleet penetration of cleaner vehicles, without 

understanding the background assumptions on fleet turnover and composition; 

 there is insufficient information on the likely impact of the proposed Clean Air Zones, to 

form an opinion on the number and ambition of these zones which would need to be 

introduced to ensure compliance; 

 the reports highlight that if Euro 6 emissions are higher than assumed in the ‘base case’, 

there will be additional areas of non-compliance, but there is no indication of what 

additional measures might be needed; 

 we cannot make an informed opinion on the impact of primary NO2 emissions from diesel 

vehicles, as there is no detail on this in the reports; and 

 there is very little information on the uncertainties around all the numbers and 

assumptions used in this assessment. 

For many this rendered the draft plans incomplete and the failure to submit the technical 

evidence for consultation was, therefore, seen as concerning, particularly given the assumption 

that the evidence must have been available on which to prepare the plan and so should have 

been permitted to be subject to scrutiny by consultees. 

Most of the respondents felt that the draft plans did not go far enough in terms of proposed 

national actions. Statements of intent were not substantiated with explicit actions and that, 

where actions were included, there was insufficient detail or information about the timescales 

for their implementation or their expected impact on NO2 concentrations, at least in part due to 

the absence of the supporting technical document. Client Earth, in particular, indicated that the 

plans as submitted for consultation did not comply with the statutory requirements of the EC 

Directive or the Supreme Court ruling, as they do not set out measures to achieve the limit value 

in the shortest possible time, or with the detail prescribed in the legislation. There appeared to 

be a general view that there was a lack of clarity on the actions, including the proposed 

implementation on Clean Air Zones (CAZs), the details of which were, again, published after the 

consultation period. 

Reliance on the local authority action plans to help achieve the limit values was also met with 

scepticism, given that for many the sources are motorways and trunk roads, which are beyond 

their control. Similarly, many local authorities flagged the inconsistency between the need for 

local action and the reduction in Defra’s air quality funding, which would effectively undermine 

the implementation of measures presented in the draft plan. The Healthy Air Campaign, which 

represents a broad coalition of health, transport and environmental organisations, are quoted as 

saying that: “Even in the case of London the incumbent Mayor has said that whilst he can 

address two-thirds of the city’s air pollution problems, the remaining third will require national 

and EU solutions”. Many local authority respondents also highlighted omissions and corrections 

(including proposed measures that had subsequently been withdrawn) in their own or 

neighbouring authorities’ plans, that had been included with Defra’s draft plan, demonstrating 

that the submission was technically incomplete or inaccurate. In addition, the London Forum of 

Amenity and Civic Societies queried the ULEZ’s synchronicity with the proposed CAZ, and London 

authorities questioned Defra’s interpretation of the London ULEZ, specifically how taxis will be 

required to operate within the ULEZ. Dartford also highlighted that the London Plan consisted of 

measures aimed at the City of London, which would not be applicable for outer London 

authorities. 
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Many of the London local authorities were also concerned that Defra had not presented 

measures to reduce emissions relating to Heathrow Airport in the draft plan, despite 

acknowledging it as an area of exceedence, particularly given its potential to generate further 

emissions regardless of expansion. The Greater London Authority also highlighted 

inconsistencies between the draft air quality plan and the report of the Davies Commission 

earlier in 2015, and recommended the government should reject Heathrow Airport expansion as 

prejudicial to the aims of the air quality plan. 

Given the uncertainties that Defra highlighted in their sensitivity analysis over the performance 

of Euro 6 diesel vehicles, there was surprise expressed by respondents that the draft plan had 

not treated the ‘alternative scenario’ as the base case and set out measures to reduce 

concentrations in all 30 exceeding zones and agglomerations, particularly as evidence suggests 

that the alternative scenario may actually underestimate the difference between COPERT and 

real-world emissions. 

 

3.2. The robustness of the modelling and supporting data 

According to Client Earth and others, by setting the model baseline at 2013, the draft plans 

exclude developments since this date that have significantly worsened air quality, therefore 

presenting a more favourable starting point for the future projections. 

Whilst the absence of the technical report precluded many respondents from being able to 

make specific comments on the robustness of the streamlined PCM model, there was much 

concern expressed about the use of the COPERT emission factors and their representativeness of 

real-world emissions, particularly in light of the flaws in this regard identified in the type 

approval testing. Over-reliance on Euro standards to achieve the limit values in the shortest 

possible time was heavily criticised given evidence to-date (e.g. from the IPPC and TNO) on 

previous and emerging vehicle standards’ effectiveness in the real-world. Added to this 

uncertainty were concerns about the integrity of motor manufacturers given the VW defeat 

device scandal and the potential for even the revised type approval tests incorporating Portable 

Emissions Measurement Systems to be ineffective based on the inclusion of proposed (and 

subsequently approved) conformity factors of 2.1 (from 2017) and 1.5 (from 2021). 

The vehicle classes proposed for restriction under the CAZ scenarios were also criticised as not 

representative of fleet composition in local authority exceedence areas, particularly where these 

are not in urban areas. For example, Adur and Worthing Councils did not consider taxis to be a 

major contributor to emissions in the Worthing AQMA. CIWEM also queried Defra’s assumption 

of a four-year fleet turnover as new car purchases have been limited due to the recession. The 

City of London Corporation also suggested that market availability may limit the uptake of ultra-

low emission vehicles, specifically taxis. 

Where CAZs are implemented, some respondents, particularly local authorities (e.g. the London 

Councils), felt that any progress neighbouring authorities had made in reducing NO2 

concentrations would be undermined as dirtier vehicles would be relocated to or rerouted 

through their areas. 

There was also concern from local authorities on the representativeness of the resolution of the 

PCM modelling results, where discrepancies were identified with local authority monitoring data 

and declared AQMAs. For example, Adur and Worthing Councils highlighted that, according to 
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Defra, the Brighton-Worthing-Littlehampton agglomeration suggests compliance this year and 

for the South East Zone in 2020. However the Worthing and Adur (Shoreham High Street) 

AQMAs are still exceeding the NO2 annual mean objective and are likely to continue for a 

number of years. Similarly, EPUK highlighted that in Bristol the plan relies entirely on data from 

the AURN Urban Background site, Bristol St. Pauls, and modelling although references are made 

to the now discontinued AURN site Bristol Centre and affiliate site Bristol Old Market (which has 

been discontinued as incorrectly sited according to EU criteria). No account appears to have 

been taken of the extensive amount of monitored data from the City Council's own network. 

This comprises both continuous and diffusion tube data and whilst the QA/QC procedures do not 

fully meet the requirements of the Directive they are sufficient to provide strong indications of 

concentrations of NO2 across the area. The London Borough of Hammersmith and Fulham also 

states: “We cannot be certain about London compliance with the NO2 objective even by 2025 

given the uncertainties inherent in the inputs to the predictive modelling. The statement that 

measures in place are likely to achieve compliance before 2025 for London appears overly 

optimistic, particularly as both the roadside baseline projections of annual mean NO2 

concentrations included in the draft AQ plan for London and the GLA concentrations maps for 

2025 indicate exceedences”. 

Further geographical discrepancies were identified by EPUK, where local authorities have been 

modelled as part of a neighbouring agglomeration, even though they have no political and 

financial association with that set of authorities. For example Gravesham has been modelled as 

part of the Greater London region, despite being outside the Greater London boundary. This 

means the modelling for the zone of the authorities they are associated with and the plan which 

contains their proposed measures, do not reflect their levels of air quality, nor are they 

necessarily eligible for any regional funding. 

 

4. Summary 

In response to the specific requirement of this review, the examination of consultation responses 

has focused on two concerns expressed by GAL that were not reflected in Defra’s summary of 

responses. Therefore the points summarised below are additional concerns that consultees 

expressed but which Defra has not specifically or sufficiently responded.  

The transparency of the consultation process 

 Online form too prescriptive to facilitate open responses. 

 Timing of the consultation precluded significant revision of plans prior to submission. 

 Evidence Annex inadequate to substantiate the consultation document. 

 Absence of Technical Report rendered the draft air quality plan incomplete and 

undermined respondents’ ability to comment. 

 Inclusion of expired or abandoned local measures. 

 No actions to target emissions relating to Heathrow Airport. 

 No plans to address ‘alternative scenario’. 

  

The robustness of the modelling and supporting data 

 2013 baseline ignores developments that have worsened air quality in the interim. 
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 CAZ vehicle classes not representative of local authority exceedence areas’ fleet 

composition. 

 Four-year fleet turnover and uptake of ULEVs queried due to the recession. 

 Resolution of streamlined PCM too coarse to capture local exceedences. 

 Modelled NO2 validated against background AURN monitoring sites. 

 Plan refers to discontinued (and incorrectly sited) roadside AURN monitors. 

 Geographical inconsistencies between local authorities and modelled zones and 

agglomerations. 

 

5. Conclusion 

As can be seen from this independent review of consultation responses, it is clear that GAL’s 

concerns about the transparency and adequacy of the consultation process and the accuracy of the 

model predictions were widely expressed across a range of stakeholders, but particularly local 

government. It is therefore of concern that these were not adequately reported in Defra’s Summary 

of Responses. The failure to report these concerns suggests that they have been overlooked by Defra 

in the preparation of the Final Air Quality Plan submitted to the European Commission. Indeed there 

is no clear evidence to suggest that these concerns have been adequately considered during the 

preparation of the Final Plan. 

In summary, Defra’s Summary of Responses: 

 Appears to focus on reporting the responses to the specific questions posed by Defra rather 

than reflecting the wider range of comments; and 

 Fails to properly report consultation responses widely expressed by a large number of 

stakeholders.  

This failure would therefore indicate that there has been: 

1. No response from government on the concerns expressed about the adequacy of the 

consultation process, and 

2. No evidence that responses about modelling concerns raised have been adequately 

addressed in prep of the Final Air Quality Plan. 

 



 

 

APPENDIX 1 

Respondent 
type 

Respondent 
name 

Transparency of the consultation 
process 

The robustness of the modelling and 
supporting data 

Any other topic that is repeatedly 
highlighted in consultation responses 

Consultant Air Quality 
Consultants 
Ltd 

It is unclear from the documentation 
which measures have been quantified 
in the modelling and which have not. 

N/A N/A 

LAi Adur and 
Worthing 
Councils 

N/A The Plan for the Brighton-Worthing-
Littlehampton agglomeration suggests 
compliance this year and for the 
South East Zone 2020. However the 
the Worthing and Adur (Shoreham 
High Street) AQMA's are still 
exceeding the NO2 annual mean 
objective and are likely to continue 
for a number of years. We note that 
compliance is reliant to a certain 
extent on the penetration of Euro VI 
vehicles. The disparity between real-
world and test emissions means we 
are sceptical that the agglomeration 
will achieve compliance in the 
foreseeable future. 
The disparity between real-world and 
test emissions should be addressed 
otherwise there is a danger that 
restrictions based on test emissions 
will not bring about the expected 
reductions in the Clean Air Zones. The 
four classes of access control appear 
to be defined based on traffic 
movements through town or city 

N/A 
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centres. Some AQMA's are not within 
town centres and as such the mix of 
classes of vehicles responsible for 
poor air quality are often different. 
For example taxis are not considered 
a major contributor to poor air quality 
in the Worthing AQMA. Therefore 
including taxis in each of the proposed 
access control classes may not be 
appropriate in all cases and we 
suggest taxi's are given a class of their 
own. 

NGOii Aviation 
Environment 
Federation 

There was no opportunity for us to set 
out our wider views on Defra’s 
approach to the air quality challenge 
by way of the online form provided. 

The revised projection differs from 
that published in July 2014, where 28 
zones were projected to be non-
compliant by 2020 [...] mainly due to 
the incorporation in the PCM model 
of updated information on vehicle 
emissions factors (revised assessment 
of the performance of both Euro 5 
and Euro 6 light duty diesel vehicles 
and a significant drop in the expected 
emissions from Euro VI heavy duty 
vehicles). It is difficult, however, to 
feel confident in the reforecasting 
that Defra has conducted when, first, 
standards for diesel vehicles have in 
the past failed to deliver anticipated 
improvements in air quality and, 
second, it is unclear whether the 
figures presented in the updated plan 
are based on data from test 
procedures that are robust and 

The work presented by Defra for 
consultation does not include 
modelling of the impact of a third 
Heathrow runway on NO2 levels. Even 
if the new forecasts prove correct and 
emissions at Bath Road are below 
40μg/m3 by 2025, a year before a new 
runway could be operational the AC 
estimates, it is clearly very possible 
that a new Heathrow runway could 
push them back over the limit.  
The Airports Commission has argued 
that the new runway should go ahead 
even if emissions remain in breach of 
health-based legal limits and even if 
expansion would compound the 
problem, as long as there is at least 
one other site in London where air 
quality is worse still, such that the 
Heathrow project did not strictly 
‘delay compliance’.  
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accurate or whether they are based 
on tests that could turn out to have 
been manipulated. 

The legality of this approach has 
meanwhile been challenged by Robert 
McCracken QC in advice to Clean Air 
in London. 

LA Bath and 
North East 
Somerset 
Council 

N/A N/A There seems to be a large reliance on 
local plans - both local air quality 
action plans and using OLEV (Office of 
Low Emission Vehicles) for installation 
of the charging network for ULEVs 
(Ultra-Low Emission vehicles). 
A framework for Clean Air Zones 
would be useful and provide 
consistent approach across local 
authorities. However it would need to 
ensure authorities outside of 
London have the power to enforce 
vehicle restrictions. 

LA Belfast City 
Council 

N/A N/A Long term funding within DARD 
[Department of Agriculture and Rural 
Development] or DRD [Department 
for Regional Development] should be 
secured on a needs basis and not a 
general policy position of moving 
away from monitoring to modelling 
simply to save money.  It is critical 
that specific outcome-based 
measures are informed by reliable 
good quality monitoring data in 
relation to both national and local 
policy decisions.  As we have seen, 
relying solely upon modelling for 
forward projections is a risky 
proposition; particularly with regard 
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to road NOx.  We would therefore ask 
the Department to consider the risk 
associated with shifting from ‘real 
time monitoring’ to modelling. 

Charity British Lung 
Foundation 

The resulting ‘Draft plans to improve 
air quality in the UK’, September 
2015, do not explore the full range of 
measures available to government to 
tackle this problem. They do not 
contain a timetable for 
implementation, nor are the 
estimates of impact clear, since the 
technical working documents have 
not been published. This makes it 
difficult for stakeholders to respond 
properly. 
In the draft plans, Defra acknowledges 
the need to promote active travel, but 
provides no specific proposals for how 
this will be done. The consultation 
document instead again defers to 
future plans in development as part of 
the cycling and walking strategy, with 
no indication of when these plans will 
be published, what they might 
include, or any funding that will be 
made available to achieve them. 
Defra highlights in its plans that the 
most significant actions that need to 
be taken to benefit air quality are 
measures such as the electrification of 
the vehicle fleet alongside other ultra-
low emission technologies and 

N/A A cross-departmental approach and 
Cabinet Committee is needed, to take 
into account the full range of policy 
levers available to government, across 
the Department for Education, the 
Department for Transport, Defra, the 
Treasury and the Department of 
Health. 
Real-world testing should form a part 
of all vehicles’ MOT schedule (for 
instance, during every second or third 
MOT if cost precludes more frequent 
assessment) in order to raise concerns 
of any overly polluting vehicles, with 
the potential to remove the most 
polluting from the roads.  
Although Defra have made a 
commitment to a consultation on CAZ 
in 2016, there is otherwise no 
indication when CAZ will be 
introduced or how they will be 
measured. This ignores the fact that 
the ruling called for plans to be put in 
place to bring down pollution levels 
“as soon as possible”. 
Furthermore we note that for CAZs to 
be effective, there needs to be real-
world independent and reliable 
emissions testing. The recent 
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enhancing road network to improve 
traffic flow. This is an admirable 
objective, but there is again no 
mention of how this is to be tangibly 
achieved and no new policies have 
been highlighted. 

revelation that car manufacturer VW 
has used software to beat the 
regulators and bypass standards, casts 
further shadow on the ability of CAZs 
to deliver low emissions, since they 
rely on standards being upheld and 
enforced. 

Charity Campaign to 
Protect Rural 
England 

Despite vans being the fastest 
growing type of motor traffic and 
there being very limited progress at 
EU level setting emissions standards 
for them, there is barely a mention of 
action to tackle their emissions. 
Indeed with the growth of same-day 
'prime' delivery services, there is a risk 
that van traffic would, without action, 
increase faster than forecast. 
The overview simply mentions 
examples of more efficient logistics at 
paragraph 203, rather than setting 
out strategy, actions or measures to 
influence behaviour. There is 
significant inefficiencies within the 
logistics industry and measures to 
increase average loading, such as 
shared 'last mile' delivery from 
consolidation hubs and a distance and 
emissions based goods vehicle road 
user charge, are vital. 

As the recent scandal over ‘defeat 
devices’ in vehicles made by 
Volkswagen and other manufacturers 
so clearly demonstrates, it was wrong 
for the consultation to assume that 
vehicle emissions standards would 
deliver in the real world. As a starting 
point, the consultation should have 
set out the number of non-complaint 
zones contained in the modelling in 
the consultation annex, which was far 
higher. 
The very recent decision by the EU 
(Press release from Transport & 
Environment) to allow vehicle 
manufacturers to exceed current NOx 
emission standards for the next few 
years, means that non-compliance will 
be even greater than the annex set 
out. This means a fundamental 
reappraisal of measures is needed, as 
even the evidence base in the annex 
has seriously underestimated the 
action needed to secure compliance. 

There are three fundamental 
problems with the approach proposed 
in the consultation document and 
overview, as it is: 
i) Wholly inadequate to secure 
compliance with EU limit values, as it 
wrongly assumes real world emissions 
will mirror emissions standards and 
largely relies on local rather than 
national action; 
ii) Fails to provide sufficient 
solutions for goods vehicles, which 
are a significant indeed growing 
contributor to air pollution; 
iii) Not rural-proofed, since the 
approach focuses on cities without 
considering the wider impacts on 
rural households or businesses. 
In order to tackle air pollution 
effectively and quickly, we need to 
tackle resurgent growth in motor 
traffic and move away from the major 
road-building programme contained 
in the Road Investment Strategy (RIS). 
Instead we should put smarter travel 
first – in transport policy, land use 

http://www.transportenvironment.org/press/governments-double-and-delay-air-pollution-limits-diesel-cars
http://www.transportenvironment.org/press/governments-double-and-delay-air-pollution-limits-diesel-cars
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planning and funding, at national and 
local levels. 

PBiii Chartered 
Institution of 
Highways and 
Transportation 

It is not clear whether the proposed 
NOx emission limits (paragraph 151) 
are explicitly tied to Euro emissions 
classes, or are independent of the 
Euro emissions classification system. 
The consultation document does not 
appear to make an explicit reference 
to Euro standards in this context, but 
only to emissions limits. The general 
public will have a basic 
comprehension of the Euro 
classification system (Euro 4, Euro 5, 
Euro 6 etc.), but will not have any 
other points of reference with respect 
to environmental performance of 
road vehicles.  
If an explicit relationship with type 
approval Euro standards is intended, 
the criteria may need to be clarified to 
take into account the differences in 
diesel car and light van emissions 
performance at:  
a) Euro 6 (from September 1st 2015) – 
80mg/km NOx under the NEDC test 
cycle;  
b) Euro 6c (from 2017 type approval 
and 2019 new sales) – 80mg/km NOx 
under WLTC / RDE with a conformity 
factor of 2.1;  
c) Euro 6c (from 2020 type approval 
and 2021 new sales) – 80mg/km NOx 

A reasonable argument can be made 
that this ‘alternative scenario’ 
presented in Table 6.2 is in fact the 
most realistic scenario based on the 
best available empirical data. This is 
obviously a matter of serious concern 
in the context of achieving compliance 
with the legislated air quality limit 
values in the shortest possible time. It 
may be the case that we still have 30 
non-compliant zones in the UK in five 
years at 2020, out of the total of 43.  
However, it must also be recognised 
that the existing empirical data 
sources are very sparse, and therefore 
uncertainty is high. 

The consultation documentation 
makes no mention of potential 
national interventions with respect to 
vehicle taxation or fuel taxation rates. 
We know the current system of 
vehicle taxation (VED) using CO2 

banding is under discussion and 
review within Treasury (5.8 of Fixing 
the Foundations). This consultation 
and subsequent plan must be mindful 
of what is under discussion and take 
note of the implications for the air 
quality plan and polices. As it stands 
there appear to be inconsistencies 
between what this consultation is 
trying to achieve and what the 
Treasury announced in the summer 
2015 budget. 
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under WLTC / RDE with a conformity 
factor of 1.5.  

PB Chartered 
Institution of 
Water and 
Environmental 
Management 

The draft plans contain only one new 
measure at the national level: a 
national framework for clean air 
zones, the details of which will not be 
published until early 2016.  
The consultation does not include a 
supporting document with the 
technical information and detailed 
modelling which is required to 
scrutinise the draft plans. The 
uncertainties in emission reductions 
from vehicles mean it is extremely 
difficult to judge if the measures will 
be enough and achieve limit values as 
soon as possible.  
CIWEM has already responded to the 
consultation and written to the 
Secretary of State to ask for the 
supporting technical detail to the 
consultation to be published. This will 
not be made available until the 
conclusion has finished. We consider 
that it is very difficult to respond to 
the consultation without the 
publication of the supporting 
technical detail. The consultation 
presents a wish list of emissions 
reductions and steers respondents 
away from questioning how these 
have been quantified and accounted 

Should the Euro 6 emissions 
standards not perform as modelled, it 
could result in up to 22 additional 
zones, 30 in total, being non-
compliant in 2020. The scale of the 
problem in the 8 zones already 
considered will be much greater too, 
requiring more ambitious solutions. 
As this is the more likely scenario, 
Defra should ensure that there is a 
plan in place that can respond to a 
situation where the modelling data 
proves to be overly optimistic.  
CIWEM considers that Defra must 
rewrite the air quality plans if the 
portable emissions measuring 
systems (PEMS) testing programme 
that is being currently undertaken 
does not produce real world driving 
emissions data in-line with the 
modelled COPERT result.  
Whilst COPERT data is the best 
available, basing a plan only on this 
data is not sensible as its predictions 
may still not be the most likely case. It 
was also the best available data in 
2011 and 2014 but its predictions did 
not materialise.  
The sensitivity analysis shows what 
would happen if Euro 6 does not 
perform as necessary but the plans do 

There is little evidence in the draft 
plans of Defra working alongside 
other departments, such as the 
Treasury to consider fiscal drivers on 
diesel fuels, the Department for 
Transport’s low emission vehicle 
programmes and DECC’s energy and 
heat efficiency initiatives. DCLG 
should also be involved to reduce 
emissions through the planning 
system and Building Regulations.  
The consultation document states 
that the ‘consultation seeks views on 
draft plans to improve air quality’. It is 
extremely disappointing then that the 
plans and the consultation are solely 
concerned with doing the minimum 
possible to achieve compliance with 
the EU limit value for NO2 rather than 
wider improvements to air quality. 
This is particularly important for 
pollutants such as NO2 and PM2.5 for 
which there are no thresholds. There 
is no minimum concentration below 
which exposure is considered safe, 
and every reduction in exposure will 
be beneficial in terms of health 
benefits. 
The draft plan is not a plan to achieve 
the NO2 limit values as soon as 
possible, it appears to be a low cost 
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for in the modelling. The 25 page 
Evidence Annex is not adequate. 
The analysis uses the SL-PCM model 
which is not described nor peer 
reviewed. There is no data on what 
approximations it makes compared 
with the full Pollution Mapping 
Climate model and how these affect 
the findings. This must also be made 
available. 

not state any measures that would be 
used if this was the case. If the 
emission factors are overly optimistic, 
then in addition to the 22 extra zones, 
the scale of the problem in the 8 
zones already considered will be 
much greater too, requiring more 
ambitious solutions. It would be 
sensible to at least have a plan that 
can respond to a situation where the 
COPERT data proves to be optimistic, 
and where the plan’s actions could 
cope with a more polluted world. 
CIWEM considers that Defra must 
rewrite the air quality plans if the 
portable emissions measuring 
systems (PEMS) testing programme 
that is being currently undertaken 
does not produce real world driving 
emissions data in-line with the 
COPERT result. 
Defra indicates that the proposed 
Clean Air Zone emission limits are set 
at the Euro 6 emission limits (for 
diesel cars). Current Euro 6 diesel cars 
do not meet the emissions standards 
in the real world, most by some 
margin, which means it will be a 
number of years before diesel cars 
will comply. The consultation assumes 
a car turnover rate of every four 
years, however to date there has also 
been a lack of turnover in fleet as 

‘wait and see’ approach. The only 
change proposed is the suggestion of 
clean air zones in seven areas because 
they will not meet the limit value by 
2020. If the plan was to achieve limit 
values as soon as possible then it 
should suggest the implementation of 
clean air zones more widely and 
earlier. 
Given the aim of the consultation it is 
disappointing that Defra has not 
targeted action at the main cause. It is 
readily apparent that diesel fuelled 
engines currently contribute 
overwhelmingly to the NOx emissions 
in our urban centres (i.e. around 90% 
of the roadside increment from Figure 
3 in Defra’s consultation), and when 
coupled with the elevated proportion 
of NO2 within diesel exhaust NOx 

emissions; Defra therefore needs to 
consider whether diesel cars have any 
place within the clean air zones or 
indeed any of our urban centres prior 
to the introduction and adoption of 
robust real-world driving emissions in 
the Euro 6c standard by the EU (if 
these are proven). 
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fewer new cars have been purchased 
due to the recession. 
EU governments have also agreed to 
new limits for NOx emissions from 
diesel cars3. If this proposal is passed 
it will allow car manufacturers to miss 
the Euro 6 NOx limit by 210% 
(conformity factor of 2.1) between 
2017 and 2020, resulting in a diesel 
car allowed to emit 168mg/km of NOx 
on the road instead of the Euro 6 limit 
of 80 mg/km. From 2021, new diesel 
cars sold will be allowed to still emit 
120 mg/km open-endedly. If this 
happens then real world emissions 
will not fall in line with the expected 
assumptions of the Euro 6 standard 
within the plans. 

LA City of London 
Corporation 

The lack of detailed evidence 
underlying the DAQPs, and the on-
going uncertainties with emissions 
from diesel vehicles, has made it 
difficult to assess the impact of the 
proposed measures with the DAQPs. 

The UK Overview Document includes 
a revised projection for compliance 
with the NO2 limit values with just 8 
zones across the UK expected to be 
non-compliant by 2020, rather than 
28 as previously thought. This is 
primarily due to updated vehicle 
emission factors that have revealed 
enhanced performance of Euro 5/V 
and Euro 6/VI vehicles. However, this 
prediction is based on limited data, as 
only a small number of Euro 6/VI 
vehicles had been tested at the time 
of the analysis. The document 
acknowledges this, and highlight the 

For The City of London, levels of air 
pollution are such that local action 
would not be sufficient to ensure that 
air quality limit values for nitrogen 
dioxide are met in a reasonable time 
frame. Coordinated local regional and 
national action is required. 
The principal proposal in the DAQPs is 
the provision for a national 
framework of Clean Air Zones. Whilst 
this approach is welcome it will not 
assist with levels of air pollution 
within the City of London as the 
Mayor of London already plans to 
introduce an ultra-low emission zone 
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corresponding uncertainty in in both 
projections and the likelihood of 
measures based on Euro 6/VI to 
deliver sufficient improvements. 
Unfortunately no information has 
been provided on the extent of this 
uncertainty, or what the alternative 
plan would be if Euro 6/VI is not as 
effective as anticipated. 
Paragraph 90 suggests that all taxis 
will be required to operate in ‘zero 
emission mode’ from 2020 whilst 
driving in the planned Ultra Low 
Emission Zone (ULEZ). This is very 
unlikely given the current market 
availability of zero emission vehicles 
and the anticipated roll out of these 
vehicles. 
Diesel vehicles will need to meet Euro 
6/IV standard, or pay a charge to 
enter the ULEZ. However, there is no 
guarantee given of how these vehicles 
will perform when driving in central 
London and what the actual NOx and 
NO2 emission rate will be. 

(ULEZ) in 2020. The ULEZ has the 
same emission standards as the 
proposed Clean Air Zones and will 
cover the City, of London. Even with 
the ULEZ it is anticipated that the 
nitrogen dioxide limit values will not 
be met in Central London until 2025 
at the earliest. 
When considering infrastructure for 
electric vehicles, great care must be 
taken to ensure that electricity 
generation in urban areas does not 
itself add to local levels of air 
pollution. It is apparent that the grid is 
already approaching capacity and 
companies with standby generators 
are being asked to run them for ‘short 
term operating reserve’ so the 
building does not have to draw power 
from the national grid. These 
generators run on diesel and are likely 
to have high emissions of both NOx 
and PM10. The Clean Air Act 1993 
does not enable local authorities to 
control emissions from these devices, 
or set a minimum stack height to aid 
dispersion of pollutants. 

LA City of York 
Council 

N/A The effectiveness of the CAZ approach 
is very dependant on the Euro 6 
emission standards delivering the 
promised NOx emission reductions, 
especially for cars and light duty 
vehicles. Past experience of Euro V 

Many local authorities are struggling 
to fund air quality posts and have 
significantly reduced their monitoring 
capabilities. In York the specific post 
responsible for undertaking air 
pollution monitoring activities has 
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standards failing to deliver NOx 
reductions in real life driving 
conditions have shown this to be risky 
strategy in York. For this reason CYC is 
already committed to promoting a 
rapid shift towards zero emission 
technologies that provide more 
certainty in terms of longer term 
emission impacts for both NOx and 
particulates within urban centres. 

been lost and remaining officers are 
required to undertake air quality 
monitoring alongside other statutory 
and income-generating activities. Air 
pollution monitoring in York has been 
reduced by about a third over the 
past year and the innovative low 
emission officer post (that has 
delivered many of the high profile low 
emission measures in the city) is a 
temporary contract due to expire in 
March 2016. Under these difficult 
circumstances it is questionable 
whether all the local authority based 
AQAP measures included in the 
national plan can be delivered in York 
(or elsewhere). 
Even if the measures are delivered it 
is noted that many of them are old or 
peripheral measures unlikely to 
contribute directly to improving air 
quality in the identified exceedance 
areas. A more streamlined national 
action plan with funding targeted 
specifically and directly at those 
actions most likely to deliver the best 
air quality outcomes would be a 
better way forward. 
Like most other local authorities, CYC 
regularly deals with proposals for 
biomass boilers and other large scale 
combustion plants in and around the 
urban centre which are often 
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incentivised by the Renewable Heat 
Incentive (RHI). Very often these 
combustion plants are proposed at 
the most sensitive air quality 
receptors such as care homes and 
schools with little consideration for 
the overall emission growth resulting 
from them (particularly in relation to 
NOx emissions). Although not 
currently proposed in York, other local 
authorities in the Yorkshire region 
have received applications for STOR 
plants in urban locations which again 
have the potential to significantly 
increase hourly concentrations of NOx 
at a local level and can potentially 
wipe out any traffic related 
improvements. 

Charity ClientEarth The air quality plans set out in the 
consultation documents are in draft 
and are, in some respects, 
incomplete.  
The draft plans consulted upon do not 
comply with the requirements of 
Directive 2008/50/EC of the European 
Parliament and of the Council of 21 
May 2008 on ambient air quality and 
cleaner air for Europe (“the 
Directive”) or with the mandatory 
order of the Supreme Court dated 29 
April 2015  
The plans consulted upon wrongly 
take 2020 as an acceptable target 

The plans consulted upon wrongly 
exclude from consideration 
developments since 2013 which have 
significantly worsened air quality and, 
thus, take the wrong ‘baseline’ for 
assessing whether any planned 
reductions in NO2 emissions will lead 
to compliance with the mandatory 
Directive limit values (and if so, 
when). 
The plans consulted upon fail to have 
regard to the latest evidence on the 
‘real world’ performance of diesel 
vehicles (including the Volkswagen 
scandal) and, therefore, wrongly 

The final plans adopted and 
submitted to the Commission should, 
in addition to making the 
implementation of CAZs mandatory, 
also— 21.1. Extend the CAZ 
requirement to all66 zones where 
there is currently an exceedance of 
the Directive limit values for NO2.  
21.2. Require CAZs to be implemented 
as quickly as possible in all such zones, 
taking into account the urgent public 
health imperative for doing so and the 
need for measures to be taken, 
accordingly, on an emergency basis.  
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date for compliance and fail to apply 
the correct legal test of compliance in 
the shortest possible time.  
The plans consulted upon do not give 
sufficient detail of the measures 
proposed or of the timetable for 
implementation or compliance, and 
therefore do not comply with §8 of 
Annex XV to the Directive.  
The draft plans propose a national 
system of Clean Air Zones (‘CAZs’),49 

but make clear50 that this is an 
optional measure to be implemented 
at local authorities’ discretion, even in 
the case of serious and long-lasting 
exceedances of the mandatory 
Directive limit values. The draft plans 
do so only in outline, with a ‘full 
framework’ for the CAZs to be set out 
in ‘early 2016’ (UK Overview 
Document, §146, p.33). This is 
contrary to the Supreme Court Order, 
which requires the Secretary of State 
to deliver new air quality plans to the 
Commission in final form no later than 
31 December 2015.  

predict compliance at an earlier date 
than is in fact feasible on the basis of 
the measures selected.  
As set out in the Evidence Annex,67 the 
projected concentrations of NO2 in all 
zones and agglomerations for future 
years are based on 2013 data. The 
effect of this appears to be that where 
a project adversely affecting air 
quality has been undertaken with a 
start date after 2013, the 
deterioration in air quality (the 
increase in NO2 levels) has not been 
taken into account in the draft plans 
when modelling the duration of 
exceedances of the Directive limits. 
This is a significant concern, 
particularly in relation to particular 
projects adversely affecting air quality 
such as the proposed expansion of 
Heathrow airport.  

21.3. Require CAZs to restrict all 
classes of diesel vehicle rather than 
only a selection.  
21.4. Require CAZs based on the best 
available evidence of real-world diesel 
emissions rather than of theoretical 
emissions based on test-cycle results.  

Charity CTC (national 
cycling charity) 

N/A N/A N/A 

LA Dartford 
Borough 
Council 

N/A The London Plan consists of measures 
aimed at the City of London and 
would not be applicable for outer 
London neighbouring authorities. 

N/A 



Independent review of responses to the Defra Draft Air Quality Plan consultation 

Air Quality Management Resource Centre, UWE, Bristol 25 

Sevenoaks has three motorways that 
run through its area the M20, M26 
and the M25, a large proportion of 
the emissions in the area is as a result 
of transient vehicles passing through 
the area. There are no proposed 
actions relating to controls or 
restrictions of vehicles on these roads. 
The development of Clean Air Zones 
will result in the more polluting 
vehicles being forced out of the cities 
and into the surrounding areas. Bus 
companies for example may choose 
to only replace the inner city fleet and 
move the older more polluting 
vehicles into the surrounding towns 
where the Clean Air Zones would not 
be in operation. Whilst these Local 
Authorities would be able to develop 
their own CAZ it is not realistic that 
they would be able to fund the set up 
and operation of such a scheme. This 
would be increasing problematic with 
tow tier authorities, where the District 
Council has limited influence on the 
local highways. 

PCiv Dearman N/A N/A Transport refrigeration units have a 
disproportionate impact on urban air 
pollution. These small, unregulated 
auxiliary engines on refrigerated 
vehicles can emit many times more 
NOx and PM as the main propulsion 
engine powering the actual vehicle. 
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EU legislation will make no 
meaningful restriction to their 
operation and, moreover, they often 
run on subsidised ‘red diesel’ in the 
UK – a practice which has been 
banned in other EU countries. There is 
a suite of zero emission alternatives 
with comparable operating cost that 
should be incentivised. 
Diesel powered standby generators 
help to provide an uninterrupted 
electricity to supply to the built 
environment but in many cases they 
are switched on to avoid peaks in 
electricity prices. It is unacceptable 
that highly polluting diesel technology 
can be used in this way – especially in 
areas of poor air quality. 

LA East Herts 
Council 

N/A N/A Defra grant money was used to 
improve and install artwork in 2 
subways under the A414 in Hertford. 
The aim of the project was to 
encourage walking form the town 
centre to the Council offices, schools 
and houses on the opposite side of 
the A414 and vice versa. The A414 is a 
dual carriage way and the subways 
were dark and unwelcoming. The 
impression was that this deterred 
people from crossing by foot. The 
Subway opened in September and so 
far we have no evidence to support its 
effectiveness. 
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LA Eastleigh 
Borough 
Council 

N/A We are concerned that the modelling 
of current, 2013, and future air 
pollution levels is not robust. 
Comparing ‘modelled’ current levels 
for 2013 with our actual monitoring 
data shows locations where we 
currently exceed the annual limit 
level, however these locations are 
shown as complying with the limit 
level in the consultation report. There 
appears to be no process by which 
these ‘real world’ data can be 
incorporated into the modelling 
carried out by Defra, nor a way 
forward for how we deal with these 
inconsistencies. 

Where a number of Local Authorities 
fall within a reporting zone, 
mechanisms will need to be put in 
place to ensure cross boundary 
actions work constructively to achieve 
the action plan objectives, and so 
avoid giving rise to unexpected or 
unwanted consequences (i.e. 
displacement of lower euro engine 
specified buses to the LA areas 
outside of the CAZ) . We would have 
expected guidance and support for 
how this will be achieved. Similar 
mechanisms will need to be put in 
place across reporting zones where 
displacement of impacts may occur. 

CSCv Environmental 
Audit 
Committee 

The Committee welcomes the 
Government’s proposal to set up a 
national framework for Clean Air 
Zones to provide consistency and 
clarity. The Committee has, on more 
than one occasion, called for a 
national framework for low emission 
zones, and we are pleased that this 
recommendation has been taken up. 
We regret the fact that the proposed 
framework does not form part of the 
consultation and will not be published 
until 2016, after the submission of the 
air quality plan to the European 
Commission. 

N/A The Committee is also concerned that 
by relying on the delivery local plans 
to achieve a substantial degree of its 
progress toward meeting the air 
quality targets, that it undermines its 
control over whether the targets will 
be met in appropriate time, and so 
reduces its ability to assure that the 
targets will be met. 

Charity Environmental 
Protection UK 

It is disappointing that the evidence 
was not published with this 

The sensitivity analysis in the 
consultation documents suggests that 

The National Plans lack actual national 
government action. They seem to be 
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consultation. Without the evidence 
underlying the plans, it is impossible 
to assess the level of improvement 
needed to achieve limit values as soon 
as possible and whether the measures 
included will meet this. The 
uncertainties, particularly in emission 
reductions from vehicles, and the lack 
of clear support and funding for local 
authorities, make it seem extremely 
unlikely.  
As we and others highlighted in the 
various meetings, workshops and our 
letter of 2 October 2015, it is very 
difficult to assess the impacts of the 
plans to deliver compliance with the 
NO2 limits, as the evidence behind 
these plans (within the UK Technical 
Report) has not been released. This 
means we have been unable to fully 
assess the scale of the problem, the 
measures and their impacts, the 
likelihood of compliance, and what is 
being asked of others, such as local 
authorities. For example, without this 
data:  

 we cannot assess why the number 
of predicted non-compliant areas has 
decreased dramatically;  

 we cannot assess the necessary 
fleet penetration of cleaner vehicles, 
without understanding the 

if the emission factors are overly 
optimistic (which the evidence 
suggests they are), an additional 22 
zones will be non-compliant. This will 
also increase the magnitude of the 
problem in the 8 zones considered to 
need further measures in the plan. 
The plan does not include any 
information on the further measures 
needed, if this is the case. 
There are also issues which must be 
addressed if a CAZ and LEZ is to be 
effective, such as the Euro standards 
and their true relationship to real 
world emissions.  
The modelling has been based on 
COPERT emission factors, which have 
recently been reduced. However, 
there is strong evidence to suggest 
these are underestimating the real 
world urban emissions. 
A NOx emission rate of ~0.2 g/km has 
been assumed to apply to all Euro 6 
including pre-Euro 6c diesels. The 
current alleged diesel vehicle scandal 
suggests this may be overly optimistic. 
The national plan does not state 
whether the measures proposed 
could be increased to achieve a 
greater air pollution reduction, or 
whether new measures would be 
required. 

based on historical local authority 
action plans (that may in practice 
deliver little more for air quality) and 
actions by other government 
departments being carried out for 
other reasons and are not optimised 
to improve air quality. There are no 
measures to ensure local authorities 
have all the powers they need to 
make Air Quality Management Areas 
and Air Quality Management Plans 
effective.  
Historically, the national PCM model 
is necessarily less detailed than the 
Review and Assessment process 
undertaken by local authorities, which 
also considers long term exposure. 
This has resulted in a discrepancy in 
areas identified as failing to achieve 
air quality objectives between the two 
methods. There is a risk that some 
areas identified as polluted in local 
but not national modelling, may be 
excluded from action and support at 
the expense of areas identified by the 
national model as non-compliant 
where there may be little or no risk of 
long-term public exposure. 
Implementing a LEZ (or CAZ) takes a 
lot of time and resource. We have 
major concerns that any CAZ that are 
implemented would not be 
operational by 2020, taking into 



Independent review of responses to the Defra Draft Air Quality Plan consultation 

Air Quality Management Resource Centre, UWE, Bristol 29 

background assumptions on fleet 
turnover and composition;  

 there is insufficient information on 
the likely impact of the proposed 
Clean Air Zones, to form an opinion 
on the number and ambition of these 
zones which would need to be 
introduced to ensure compliance;  

 the reports highlight that if Euro 6 
emissions are higher than assumed in 
the ‘base case’, there will be 
additional areas of non-compliance, 
but there is no indication of what 
additional measures might be needed;  

 we cannot make an informed 
opinion on the impact of primary NO2 
emissions from diesel vehicles, as 
there is no detail on this in the 
reports; and  

 there is very little information on 
the uncertainties around all the 
numbers and assumptions used in this 
assessment.  
Although the reports recognise that 
there is uncertainty in the projections 
and the likelihood of the measures to 
deliver, there is no information on 
these uncertainties and what further 
measures would be necessary, if these 
uncertainties are taken into account. 
The sensitivity study on the impact of 
Euro 6 not working is presented but 
there is no discussion of what 

The COPERT emission factors assume 
a Euro 6 compliance factor of 2.8. The 
ICCT (2014) information indicates that 
the mean difference between the 
real-world and test emissions is a 
factor of 7, the TNO (May 2015 
report) suggests real world emissions 
are 5 to 6 times higher than the 
standard (and therefore about twice 
as high as in EFT6.0.2), and a similar 
factor was seen in TfL’s In-service 
emissions performance of Euro 6/VI 
vehicles report 2015 for Euro 6 diesels 
cars on a London drive cycle 
compared to the test cycle.  
If the projections are overly 
optimistic, there will be a much larger 
number of areas which do not comply 
by 2020. The Draft Evidence Annex 
states a real world emission five times 
worse than the standard will lead to 
an additional 22 zones could be non-
compliant. There is no information on 
what plans are being formulated to 
support these areas or whether the 
plans already set out could be scaled 
up to achieve the limit values in this 
case. 
We have seen examples where local 
authorities have been modelled as 
part of a neighbouring agglomeration, 
even though they have no political 
and financial association with that set 

account the fact that the national 
framework for CAZ and the 
“appropriate incentives” are yet to be 
announced, the need for local 
assessment, development of a specific 
scheme, legal adoption, stakeholder 
and community engagement, and 
lead in time to allow vehicle operators 
to take measures to comply. 
Issues with LEZ in the past have 
included parts of the emission 
controls being removed or 
deactivated when not in the zone, or 
even just after initial approval has 
been given. This loophole must be 
addressed, either by regular checks by 
experts or reliable data on in-use 
performance. An example of this was 
used for SCR on London taxis, which 
included software to monitor the use 
of reagent, so it could be easily 
checked that the vehicle was never 
run without reagent and an active 
emission control system.  
In order for retrofitted emissions 
abatement equipment to be effective, 
the vehicle must be in reasonable 
condition. In older and poorly 
maintained vehicles, an emission 
abatement device may not work. This 
would need to be addressed, if a CAZ 
affects a large number of vehicles.  
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additional measures would be needed 
if Euro 6 emissions turned out to be 
higher than assumed in the ‘base 
case’. 
No information was provided for the 
primary NO2 emissions from diesels, 
which is crucially important for 
roadside concentrations.  
The analysis uses the SL-PCM model. 
This isn’t described and hasn’t been 
peer reviewed. There is no data on 
what approximations it makes 
compared with the full PCM and how 
these affect the findings. 
There is no indication of how large the 
CAZ envisioned in the national plan 
needs to be, this type of approach will 
have very different impacts and issues 
for implementations depending on its 
geographical size, ranging from a few 
roads and junctions to entire 
metropolitan areas. 

of authorities. For example 
Gravesham has been modelled as part 
of the Greater London region, despite 
being outside the Greater London 
boundary. This means the modelling 
for the zone of the authorities they 
are associated with and the plan 
which contains their proposed 
measures, do not reflect their levels 
of air quality, nor are they necessarily 
eligible for any regional funding. 
The plan for Bristol has been 
considered, as a snap sample, as local 
authorities have raised concerns 
about how realistic the other plans 
are.  

 The Air Quality Plan (AQP) relies 
entirely on data from the AURN Urban 
Background site, Bristol St. Pauls, and 
modelling although references are 
made to the now discontinued AURN 
site Bristol Centre and affiliate site 
Bristol Old Market. No account 
appears to have been taken of the 
extensive amount of monitored data 
from the City Council's own network. 
This comprises both continuous and 
diffusion tube data and whilst the 
QA/QC procedures do not fully meet 
the requirements of the Directive they 
are sufficient to provide strong 
indications of concentrations of NO2 
across the area.  

In addition, any emissions abatement 
device, whether retrofitted or OEM, 
will need additional maintenance to 
ensure it performs adequately. 
Whether this maintenance had been 
carried out would need to be checked 
during a vehicle service, MOT or a 
focussed compliance regimes for CAZs 
(this would need central government 
directive, as well as guidance for local 
policing priorities). 
The government needs to support and 
lobby for measures in Europe which 
will help achieve the air quality limit 
values, such as an immediate and 
robust test cycle. It was very 
disappointing that even during the 
period of drafting and consulting on 
this national plan, the UK government 
approved a derogation to allow some 
Euro 5 cars to be sold for an extra 12 
months, thereby slowing the 
penetration of Euro 6 cars into the UK 
fleet, and are also lobbying for some 
of the flaws in the current NEDC test 
cycle to be included as flexibilities in 
the new proposed World Light 
Vehicles Test Procedure (WLTP), such 
as recharging or replacing batteries 
during the test, which could increase 
air pollution and climate change real 
world driving emissions. 
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Euro 6 has been used at the emission 
standard for light duty vehicles, 
including cars. However only 6c tests 
for real world emissions. If Euro 6c 
delivers its emission standards under 
real world urban conditions, this could 
be used as the basis for CAZ. 

RAvi Federation of 
Bath Residents 
Associations 

N/A N/A N/A 

LA Greater 
London 
Authority 

Minor corrections to the draft air 
quality plan for the Greater London 
area 
a) London taxis will not be required to 
operate in zero emission mode when 
driving in the ULEZ. They are exempt 
from the ULEZ scheme and emission 
reductions will be sought from the 
taxi fleet through new Londonwide 
vehicle licensing requirements.  
b) The Mayor has now confirmed the 
new licensing requirements for 
London taxis as follows:  

 From 1 January 2018, all taxis 
licensed for the first time must be 
zero emission capable (≤50g/km CO2 
and a minimum zero emission range 
of 30 miles), while new diesel taxis 
will not be allowed in London.  
c) The Mayor has now confirmed the 
new licensing requirements for 
London Private Hire Vehicles as 
follows:  

A top priority of the Government 
must be to ensure the introduction 
and measurement of real world 
driving emissions (RDE) in the testing 
regime for Euro 6 vehicles. It is 
essential to secure a transformation in 
the testing regime because it is the 
only way we can be confident that 
further necessary emission reductions 
from Euro 6 vehicles will materialise. 
The recent vote to agree the package 
of measures on regulatory emission 
limits based on ‘Real Driving 
Emissions’ testing is positive1, 
although we believe this could be 
sooner and stronger. It is essential 
changes are committed to legislation 
as soon as possible and that a robust 
programme to ensure the 
achievements expected through RDE 
are being delivered. The implications 
of not taking this forward are clear in 
the accompanying sensitivity testing 

We accept NO2 compliance can be 
achieved by 2025 with significant 
support and funding from Central 
Government, and there is potential to 
bring this date forward. Furthermore, 
the Government should start to 
consider reducing emissions beyond 
minimum legal air quality limits as this 
will continue to deliver substantial 
health benefits in urban 
environments.  
There is currently limited data on Euro 
6 vehicles and it is clearly a changing 
picture as the new testing regime is 
negotiated and evidence emerges 
from the Volkswagen case. 
Nevertheless, results from a recent 
Transport for London (TfL) study on 
light vehicles indicate that Euro 6 
vehicles will deliver substantial 
benefits in real-world driving 
conditions when compared to older 
vehicles, even though they still fall far 
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 There are several milestones which 
will ensure that all vehicles granted a 
private hire licence for the first time 
after 1 January 2023 will be zero 
emission capable (≤50g/km CO2 and a 
minimum zero emission range of 10 
miles or ≤75g/km CO2 and a minimum 
zero emission range of 30 miles), 
regardless of age:  
o In advance of the ULEZ 
requirements, and to clean up the 
private hire fleet, all private hire 
vehicles licensed for the first time 
between 1 January 2018 and 31 
December 2019 must feature a Euro 6 
petrol or diesel engine, or a Euro 4 
petrol-hybrid engine.  
o From 1 January 2020 all new private 
hire vehicles – defined as those under 
18 months old – licensed for the first 
time will have to be zero emission 
capable.  
o Older private hire vehicles – those 
over 18 months old – will need to 
feature a Euro 6 engine when licensed 
for the first time between 1 January 
2020 and 31 December 2022. They 
will also need to be zero emission 
capable from 2023.  

to the consultation, which 
demonstrates that a failure of Euro 6 
would result in 30 non-compliant 
zones in the UK in 2020. Member 
States must work together to ensure 
the agreed conformity factors and 
testing procedure is accepted by the 
European Parliament early next year.  
The plan includes a ‘Type D’ CAZ in 
central London in 2020. This is 
consistent with the Mayor’s 
commitment for an Ultra Low 
Emission Zone (ULEZ), which will 
almost halve NOx emissions in central 
London in 2020. We are urgently 
seeking additional funding of around 
£50 million from OLEV to deliver this 
initiative in its entirety.  
The plan also includes a Greater 
London CAZ in 2020, which we 
understand will potentially be 
strengthened in 2025. This is clearly a 
matter for the next Mayoral 
administration and would be subject 
to public and stakeholder 
consultation. Whilst this approach is 
agreeable in principle, London’s bus 
fleet would not be Euro VI compliant 
by this time without additional 
funding. Transport for London is 
currently working with London 
boroughs to examine options for 
strengthening the requirements of 

short of the official standard. TfL 
would welcome the opportunity to 
work with Defra and contribute to its 
work on urban emissions functions 
whilst a consolidated dataset on the 
performance of Euro 6 vehicles is 
established.  
In light of the effectiveness of 
previous Euro standards and the 
Volkswagen scandal, the Government 
should seriously consider introducing 
a national diesel scrappage scheme, 
modelled on the successful 2009 
scheme, to help drivers to switch to 
cleaner vehicles. This is particularly 
helpful at the individual level as many 
consumers have been nudged 
towards diesel fuel owing to fuel 
efficiencies and national fiscal 
incentives to cut CO2 emissions. In 
addition, a real world emissions test 
for Euro 6 light vehicles will still take 
time to impact NO2 concentrations in 
London owing to the rate of fleet turn 
over in the UK.  
The Government must continue to 
scrutinise the existing operation of 
Heathrow Airport to mitigate its 
impact on poor air quality in the 
capital. Increasing use of larger 
aircraft such as the A380 results in 
higher pollutant emissions as well as 
greater passenger numbers, which 
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the existing LEZ and/or expanding the 
ULEZ and it would not be appropriate 
to pre-empt that work.  
Subject to the outcome of the above 
work and funding decisions, it may be 
appropriate to specify an 
implementation date after 2020 for 
the Greater London CAZ, especially if 
Euro VI retrofit options remain 
unavailable. This would be more 
manageable for businesses and could 
still achieve compliance by 2025.  
We note that the assessment 
undertaken to inform preparation of 
the draft plan does not include 
Heathrow expansion and we also note 
that the work undertaken by the 
Davies Commission earlier this year 
does not have regard to the draft 
plan. In particular, the Commission’s 
report was based on not delaying 
compliance with EU limits beyond 
2030 but the current consultation will 
bring this forward to 2025.  
This highlights quite clearly that there 
is a fundamental mismatch between 
the work of Government through the 
Davies Commission and that of Defra 
through preparation of the action 
plan. As a result, it is not clear how 
expansion of Heathrow Airport is 
compatible with the Government’s EU 

increase traffic on the road network. 
The GLA and London boroughs clearly 
have a very limited influence on the 
overall control of the emission 
impacts of an international airport. 
Therefore, a clear commitment is 
needed at a national level to ensure 
this area meets compliance as soon as 
possible. Measures put forward to 
improve compliance at Heathrow 
airport and the surrounding 
exceedance areas should be explicitly 
referred to in the final plan and 
operational changes must only be 
permitted when effective mitigation is 
put in place – and proven effective.  
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air quality obligations and how it 
could be implemented lawfully.  
The predicted picture is that the 
Heathrow area (without expansion) 
would be compliant. There exists no 
assessment of the impacts of 
expansion in this scenario, nor of the 
required mitigation to ensure that air 
quality does not deteriorate further. 
The new Defra Action Plan presents a 
risk that expansion of Heathrow in its 
poorly mitigated form currently, as 
put forward by the Commission, may 
indeed risk a third runway moving us 
from compliance to non-compliance. 
This is a key test for any national 
infrastructure project.  
Our view is that, as such, as a 
minimum, the assessment of 
Heathrow expansion must be updated 
in order to for the government to 
make a decision that does not impact 
the health of Londoners for years to 
come. The Government should 
therefore reject the Airport 
Commission’s recommendation to 
expand Heathrow Airport as it 
jeopardises the objectives of the plan.  

Public 
Transport 
Consortium 

Greener 
Journeys 

N/A Emission measurements conducted by 
the Institute of Transport Economics, 
Norwegian Centre for Transport 

KPMG found that a lack of 
understanding amongst new decision-
makers of the importance of bus 
networks and the role they play in 
promoting economic growth, coupled 
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Research2 show that new Euro 6 cars 
with diesel engines are struggling with 
too high NOx emissions in real traffic. 
Their measurements show that Euro 6 
type approved private cars with diesel 
engines have 4-20 times higher 
emission of NOx in city traffic and 
during cold weather than the type 
approval limit value (0,08 g/km). The 
average emission of NOx from the 
tested Euro 6 private cars with diesel 
engines was also about four times 
higher than the average emission 
from the tested city buses and heavy 
vehicles with Euro VI engines. 
Furthermore, in comparison to 
emissions from a typical bus with Euro 
V diesel engine, emissions of PM and 
NOx are reduced by approximately 90 
respective 98 percent. The dramatic 
reduction in NOx emissions from 
buses is the result of far stricter tests 
that reflect real world driving 
conditions. These findings are broadly 
consistent with TfL Euro 6 emission 
standard testing by Transport for 
London.3   

with a lack of ambition with regard to 
the scale of what can be achieved are 
all barriers to the effective 
implementation and management of 
bus priority measures. 
The Government could help to 
overcome this barrier through the 
provision, through the DfT, of 
enhanced and consistent guidance to 
local decision-makers on the 
evaluation of transport schemes. The 
DfT could also sponsor evaluations of 
particularly large and complex 
schemes; and undertake, periodically, 
a meta-analysis of evaluations of local 
bus schemes so the lessons learnt can 
be shared amongst scheme 
promoters. 
Such support should be part of a 
“Guidance on Promoting Local 
Economic Growth”, issued by the DfT.  
The Guidance would explain to local 
decision makers how bus-related 
infrastructure can enable networks to 
perform better and help local 
economies to grow. It would include 
case study evidence based on 
successful schemes, giving practical 
advice on how to maximise the 
benefits that these can deliver.  

                                                           
2 https://www.toi.no/environment-and-climate/diesel-cars-have-high-emissions-in-real-traffic-article33388-1314.html 
3 https://www.london.gov.uk/get-involved 
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Charity Healthy Air 
Campaign 

We are, however, very concerned that 
other evidence and technical data for 
the draft plans has not been released. 
This makes it very difficult to assess, 
for example, the assumptions behind 
the new revised projections for 
compliance and the ability of the 
plans to deliver compliance with legal 
limits. The draft Technical Report that 
will have been produced as part of the 
process of revising the projections for 
compliance should have been 
released as part of the consultation. 
We call on Defra to explain why it was 
not. 
Whilst we welcome the UK 
Government’s proposal to develop a 
national framework for Clean Air 
Zones (CAZs), this has not been 
sufficiently outlined or evidenced to 
evaluate its impact and arguably too 
much is still being left to local 
authorities. 
The plans do not outline how national 
UK Government is going to monitor 
and ensure action by effective local 
authorities.7 Overall, this approach 
with local authorities could potentially 
lead to inconsistency and delay in 
tackling air pollution. 

In terms of powers, local authorities 
in general do not have the devolved 
powers over their transport networks 
that exist in London, for example. 
Even in the case of London the 
incumbent Mayor has said that whilst 
he can address two-thirds of the city’s 
air pollution problems, the remaining 
third will require national and EU 
solutions. 
The implementation of CAZs cannot 
rely on current Euro Standards and 
their testing regime, which have failed 
to deliver emissions reductions under 
real world driving conditions. On 28 
October 2015, EU member states 
agreed the long awaited Real Driving 
Emissions (RDE) testing package. This 
should have signalled a step change in 
ensuring that diesel vehicle 
manufacturers comply with emissions 
limits on our roads. However, agreed 
deadlines for applying the testing 
regime have been pushed back and 
the actual emissions limits have been 
increased to allow for more air 
pollution. This means that new 
vehicles will be allowed to emit NOx 
levels 2.1 times above current Euro 6 
standards until 2019, and from 2021 
they will remain 1.5 times higher than 
current limits.4 It is clear that Euro 
Standards are not going to deliver the 
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reductions in air pollution that the UK 
Government is hoping for anytime 
soon. The draft plans will have to be 
revised to include measures for 
reducing air pollution without relying 
on ineffective Euro Standards, to 
prevent any delays in complying with 
legal limits in the UK. 

PB Institute of Air 
Quality 
Management 

The draft plans have been supported 
by the use of a modified form of PCM 
to enable projections of future 
compliance in the reporting zones. (It 
would have been helpful for those 
wishing to comment on the degree of 
confidence that can be placed on the 
projected compliance dates, if 
considerably more of the modelling 
methodology and approach had been 
described in a supporting document.) 
In the assessment of future 
compliance, set out in the Overview 
document at Section 2.3, the 
suggestion is that the revised 
projections show an improvement 
that is attributable mainly ‘due to the 
incorporation of in the PCM model of 
updated information on vehicle 
emission factors. This is provided by 
COPERT,..’ Elsewhere, however, the 
document states that the projected 
compliance dates are based on the 
additional measures, e.g. at on 
paragraph 17. It is difficult to 

Regardless of this lack of clarity, the 
modelling does provide a detailed 
picture of source apportionment in 
the individual action plans for each 
zone. These plots make it very clear 
that the diesel engine is by far the 
dominant contributor to NOx and 
NO2 concentrations in urban areas. 
This result is obtained, it should be 
noted, using emission factors that 
may not fully reflect the emissions 
from diesel cars and vans in real world 
conditions. 

There is still no clarity on the way that 
new development (in all cases) should 
be determined as impinging on 
compliance, which is why there are 
conflicting legal opinions on this 
matter. It is exemplified by the debate 
about additional road traffic 
generated by the proposed 
development at Heathrow Airport. 
The Airports Commission has taken 
the view that is legal to increase NO2 
concentrations on the local road 
network, even where they would be 
above 40 μg m-3, on the grounds that 
it would not delay compliance for the 
Greater London zone as a whole. 
Other informed observers disagree 
and the matter needs to be resolved. 
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comment on the efficacy of the 
additional measures if it is unclear 
how they contributed to the reported 
improvement in compliance dates.  

LA London 
Borough of 
Hammersmith 
and Fulham 

Leaving the production of this draft 
plan so close to the time it must be 
submitted to the EU, has limited the 
opportunity for local authorities and 
others to offer suggestions on how to 
meet the nitrogen dioxide objective. 
We are very concerned that, although 
the maps in Figures 4 and 6 show 
Heathrow as being a separate 
pollution hotspot now and in 2030, 
this draft plan does not identify 
Heathrow Airport as a substantial 
source of emissions in its own right. 
This is also contrary to the September 
2011 plan which correctly identified 
the exceedance area around 
Heathrow as a separate area in the 
zone. This needs to be reflected in the 
final plan.  
The Airport Commission’s report 
concludes that a new runway should 
be built at Heathrow, but only when it 
is clear that it will not delay 
compliance with EU limits. The 
Government needs to demonstrably 
ensure that this would be the case. 

It will be important that the values in 
the table for relevant vehicle 
standards are sufficiently strict. CAZs 
established on the basis of Euro 
standards risk failure if emissions 
improvements, particularly of diesel 
vehicles, are not achieved. 
The PCM AQ model (point 16) is a 
regional model and therefore low 
resolution. It should be supplemented 
by the modelling produced for London 
by the GLA, which incorporates more 
detailed emissions information and 
covers the road network in greater 
detail and will better reflect actual 
local conditions. 
We cannot be certain about London 
compliance with the NO2 objective 
even by 2025 (point 230) given the 
uncertainties inherent in the inputs to 
the predictive modelling. The 
statement that measures in place are 
likely to achieve compliance before 
2025 for London appears overly 
optimistic, particularly as both the 
roadside baseline projections of 
annual mean NO2 concentrations 
included in the draft AQ plan for 

An area of concern across Greater 
London would be in trying to align 
CAZs with the ULEZ and possibly with 
one another. If CAZs were to be 
developed by London Boroughs in 
inner and outer London not in the 
ULEZ this would lead to vehicles 
travelling through multiple CAZs and 
having to pay to enter each. Also it 
would be difficult for local authorities 
to charge HGVs already subject to the 
LEZ, and unacceptable to charge 
buses and taxis under TFL control. 
Heathrow air quality/emissions (point 
187) need a higher priority, given the 
failure to meet the objective and 
equal consideration needs to be given 
to the impact of expansion on surface 
transport links (road and rail) 
particularly between West London 
and the airport, e.g. the A4 and feeder 
roads. (Ref to LBHF Davies Comm. 
response). There should be no 
question of developing a third runway 
while roads associated with the 
airport continue to exceed the NO2 
objective. On the air-side, we don’t 
regard the airport charges (point 191) 
with an element related to emissions, 
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London and the GLA concentrations 
maps for 2025 indicate exceedences. 
In 2013, the modelling indicates that 
the hourly mean objective was failed 
at 2 London monitoring sites (point 
3.3) however in our neighbouring 
borough, RBKC, the hourly mean 
objective in 2013 was exceeded at 
three continuous monitoring stations 
(two roadside and one kerbside 
location) and just under half of the 
diffusion tube sites were at risk of 
exceeding the hourly objective based 
on annual mean greater than 60 
μg/m3. 

to be high enough to ‘send a strong 
signal’ to airline operators to replace 
their fleets more rapidly with cleaner 
aircraft. 

LA London 
Borough of 
Hillingdon; 
London 
Borough of 
Hounslow; 
London 
Borough of 
Richmond 
Upon Thames; 
Wandsworth 
Council 

One of our main concerns is that 
whilst the draft Plan UK_001 refers to 
Heathrow airport "as a significant 
economic centre of activity within the 
Greater London Urban Area" (para 
4.3.2), it fails to state that it is also a 
substantial source of emissions. This is 
in contrast to the 2011 Air Quality 
Plan to Europe, which correctly 
identified the exceedance area 
around Heathrow as a separate area 
within the GLA zone 
(Annual_Mean_2). We would urge the 
Government to include the area 
around Heathrow as being a separate 
area within the Greater London Urban 
Area zone and to set out specific 
actions within the UK_001 Plan to 

We note that the Defra consultation 
predicts earlier compliance dates with 
the limit values than the work 
submitted recently by the Airports 
Commission. From the 
correspondence and meetings 
between our officers held during this 
consultation period, it would appear 
that a great deal of reliance is being 
placed upon the predicted delivery of 
real world emissions from future Euro 
6 vehicles. Such reliance was placed 
upon the delivery of a previous third 
runway proposal in 2009 when the 
Government of the time took the 
decision that it could be taken 
forward and air quality limits would 
be met as road vehicles and the 

We would stress that the current 
airport is not at capacity and it is 
therefore potentially an increasing 
source of emissions. The information 
below puts this into context with 
details taken from the Heathrow 
report "Air Quality Assessment, 
2013". 
• The airport operated at 471,000 air 
transport movements in 2013, the 
current planning cap allows the 
operator to reach 480,000 ATMs per 
year. This gives the potential for 
another 9,000 ATMs each year; 
• There is a steady increase in the 
number of large aircraft, such as the 
A380, entering into the overall 
Heathrow aircraft fleet. The A380 is 
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ensure that this area achieves and 
maintains compliance as soon as 
possible. 
You will be aware that Hillingdon and 
Wandsworth Councils wrote to you on 
29th September expressing concerns 
about the lack of supporting evidence 
within the consultation documents. 
Whilst we appreciate the exchange of 
correspondence since then with our 
officers and the specific meeting 
arranged to discuss the technical 
details, we remain concerned that the 
'Technical Note' on the modelling and 
assessment techniques was referred 
to, but not included as part of the 
consultation suite of documents. 

emission standards to deliver 
improvements would occur in reality. 
This has now proved to be wrong. The 
area around the current two runway 
airport is still above the health based 
limits. We ask for this reliance on 
improvements on road emission 
technology to be treated with caution, 
especially in any future decision on 
any expansion options at Heathrow. 

higher in pollutant emissions and is 
also capable of carrying more 
passengers. There is no planning 
condition controlling the number of 
passengers that may use Heathrow 
airport. This means there will be more 
passengers wishing to access the 
airport with ensuing consequences for 
more traffic on the surrounding road 
networks; 
• Operational changes to the current 
airport can result in a change in the 
distribution of pollution around the 
airport. The most recent example of 
this, the Ending of the Cranford 
Agreement, which would allow for 
take-offs to the east from the 
northern runway for the first time, 
was shown to impact detrimentally on 
the pollution levels in the 
communities to the north west of the 
airport. 
The draft Overview Document (para 
187) notes that the Government is 
currently considering its decision 
about additional aviation capacity 
following the recommendation by the 
Airports Commission that the 
strongest case was for a new 
Northwest Runway at Heathrow. 
Reference is made to the Airports 
Commission condition that any new 
capacity should only be released 
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when it is clear that air quality around 
the airport will not delay compliance 
with EU limits. 
We would like to take this opportunity 
to reiterate the concerns that were 
raised by Hillingdon, Wandsworth and 
Richmond Councils with the Prime 
Minister on 15th September 2015 with 
regards to the Airports Commission's 
test for compliance. We believe that 
the Airports Commission's condition 
about air quality is based upon an 
incorrect understanding of the law. 
The Commission's assessment 
considers it would be acceptable to 
expand the airport and for the area 
around Heathrow to continue to 
breach the limit values, provided that 
in doing so it was no worse than the 
most polluted spot within the Greater 
London Urban Area zone. We firmly 
believe the limit values must be met 
at all relevant places throughout a 
zone, as soon as possible, and they 
should not a) make an area worse 
where it is already non-compliant, or 
b) make a compliant area non-
compliant. 
We note that the draft Air Quality 
Plan assessment assumes an earlier 
date for compliance than that 
presented by the Airports 
Commission. Should this prove to be 
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the case in reality, we wish to ensure 
that the health benefits that could 
accrue to our residents in terms of 
reduced air pollution, are not lost by a 
decision to expand the airport. 

LA London 
Borough of 
Lambeth 

Your plan states that taxis will be 
required to operate in zero emission 
mode when driving in the ULEZ. We 
believe this is incorrect and instead 
taxis are simply required to be 
capable of operating in zero emission 
mode. This is one of the issues we are 
unhappy about regarding the ULEZ. 
Furthermore, table 4.3 says that all of 
Greater London will have a category D 
CAZ; this is not our understanding of 
the ULEZ 

N/A N/A 

LA London 
Borough of 
Southwark 

Having reviewed the draft action plan, 
it is considered that the draft UK 
Government Air Quality Action Plan is 
not fit for purpose in its present form 
and cannot be endorsed. 
The consultation package does not 
include all the documents that are 
being submitted to the European 
Commission as they are presently 
being finalised. A technical document 
detailing the modelling and 
assessment techniques behind the 
plans and a complete list of UK and 
national measures undertaken since 
2008 will be finalised after the 

An over-reliance is placed upon 
anticipated future improvements to 
vehicles and vehicle emission testing 
and the growth of no emission 
(electric) vehicles, especially in the 
light of known problems with the ‘real 
world’ performance of Euro 6 / VI 
vehicles 

N/A 
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consultation, so is not available for 
comment. 

LA London 
Councils 

No information has been provided on 
the overall impact of Euro 6 vehicles 
not meeting requirements in real 
world driving conditions on air quality 
in London, or what alternative actions 
may be required. 
We are concerned that the draft air 
quality plan for the Greater London 
Urban Area fails to identify Heathrow 
Airport as a substantial source of 
emissions. This is in contrast to the 
previous Air Quality Plan for the 
Greater London Urban Area 
(September 2011), which correctly 
identified the exceedance area 
around Heathrow as a separate area 
within the zone. There is no 
explanation for this change in 
approach. The background maps in 
Figure 6 (page 29) clearly show 
Heathrow as a separate pollution 
hotspot area as far ahead as 2030 and 
there are residential areas in close 
proximity to the boundary. Heathrow 
Airport is a nationally significant piece 
of infrastructure and the Government 
must play a key role in addressing 
emissions from it.  
There are reasons to believe that, 
regardless of any decision to build a 
new runway, 

London Councils welcomes the 
encouragement for local authorities 
to introduce Clean Air Zones, where 
these are appropriate for their areas. 
However, we are highly doubtful that 
this is a solution to all of London’s air 
quality problems. Interest from 
London’s local authorities in the 
Mayor’s proposed Low Emission 
Neighbourhoods suggests that, with 
sufficient resources and powers, some 
London local authorities may wish to 
introduce Clean Air Zones in key 
centres within their areas. However, 
these areas will need to be carefully 
chosen to avoid displacing pollution 
from one area to the next and will 
need to be developed alongside the 
Mayor’s plans for extending the ULEZ. 
We do not believe that locally 
designated Clean Air Zones are 
appropriate to tackle all areas of poor 
air quality in the capital. Figure 5 of 
Defra’s draft air quality plan for the 
Greater London Urban Area shows a 
clear relationship between London’s 
strategic roads and the poorest air 
quality. A strategic approach to 
tackling air quality is required. The 
Mayor’s plans for the future 
expansion of the ULEZ will be a key 

Providing support to reduce emissions 
related to the existing operations of 
nationally important infrastructure 
that is located in London, such as 
Heathrow Airport, and ensure that 
the decision over new airport capacity 
does not negatively impact on the 
UK’s ability to comply with EU air 
quality limit values. 
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emissions from the airport will 
increase: 
· The airport is operating within 
permitted limits for air transport 
movements. 
· Growth in the number of large 
aircraft will increase direct emissions 
and increase the number of 
passengers, which will potentially 
increase emissions from surface 
transport. 
We would urge the Government to 
include specific actions within the 
final Greater London Urban Area Plan 
to ensure this area achieves, and 
maintains compliance with, the EU 
limit values as soon as possible. We 
note the Airports Commission report 
concludes that a new runway at 
Heathrow should only be built when it 
is clear that air quality at sites around 
the airport will not delay compliance 
with EU limits. The Government must 
be confident that this can be achieved 
if it agrees that Heathrow is the best 
option for providing new runway 
capacity and the principle must be 
enforced through the process of 
formally granting consent for the 
development. 

part of this, although this will depend 
on Euro 6 vehicles achieving emissions 
reductions in real-world driving 
conditions. 
It appears from the technical 
assessment that a Clean Air Zone (or 
Zones) has been assumed to be 
implemented in London, in addition to 
the ULEZ, and that this is part of the 
package of measures that achieves 
compliance with EU limit values by 
2025. The assessment suggests that 
this would include “the majority of 
road links in the area in exceedance” 
of the limit values. We welcome the 
recognition that these boundaries 
would be subject to local decision 
making and accept that the 
Government must rely on 
assumptions in testing the potential 
of Clean Air Zones. However, given 
this uncertainty and the uncertainty 
about Euro 6 vehicles achieving the 
forecast reductions in emission, we 
consider that the Government should 
have an alternative plan and must 
give greater consideration to what it 
can do to improve air quality. 

Charity London Forum 
of Amenity 

N/A In the detailed plan for London, for 
example, there is no commitment 
given to introduce a CAZ; instead the 

N/A 
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and Civic 
Societies 

London plan merely rehearses 
measures that have already been 
announced. While those announced 
measures do include the plan for an 
ultra low emission zone inside the 
London inner ring road, this is quite 
different, and far smaller in extent, 
than the CAZ which would be needed 
to be consistent with the proposed 
national framework, which would 
need to include all areas in London 
where this will bring forward the date 
of compliance. 
The criteria appear to propose 
emission limits in London inside the 
CAZ based in Euro 6/VI limits for 
diesel vehicles and Euro4/IV limits for 
petrol vehicles. However the criteria 
for Euro 6 vehicles ought to be based 
on realistic driving cycles and not 
simply on the more tolerant levels 
reflected in the method of testing 
currently applying in the EU. If 
realistic driving cycles are not agreed 
within the EU in time for 
incorporation in CAZs, then the UK 
should consider proceeding anyway 
with such standards applying within 
the CAZs 

Charity London 
Sustainability 
Exchange 

N/A N/A Many of the measures have already 
been put in practice, and therefore do 
not reflect an improvement on 
current practice 
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PTEvii Mersey Travel N/A N/A Many of the actions and measures in 
the zone plans are unquantifiable, and 
their value as measures to improve air 
quality is questionable. A thorough 
overhaul of the plans is required, so 
they are focussed on measures that 
are deliverable and quantifiable, 
evidence based and able to stand up 
to scrutiny. The plans should be 
reviewed on a regular basis, ideally 
annually, to keep them up to date and 
should also be informed by 
appropriate modelling and technical 
tools. 

Charity Putney Society N/A To place such heavy reliance on 
hybrid buses is mistaken: quite apart 
from recent problems with the 
batteries in the New Routemaster 
buses which have resulted in many of 
them producing more pollution than 
the old Routemasters that they are 
replacing,2 In addition, there is 
evidence that real-world 
improvements in regulated emissions 
often don’t match the expectations 
from legislative tests due to the 
operating cycles of engines on the 
road: hybrid engines may not be the 
panacea they are sold as. 
Finally, much more weight needs to 
be given to the possible decision on 
the third runway at Heathrow. The 
July 24th letter from leaders of six 

Although the introduction of Ultra 
Low Emission Zones is an excellent 
idea, it is fatally compromised by the 
decision that vehicles that do not 
meet the new emission standards 24 
hours a day will be able to continue to 
pollute if they pay a daily charge. They 
should preferably be banned from the 
streets altogether or, if not, pay a 
charge set at prohibitive levers, 
otherwise owners will simply pay the 
charge and continue to pollute.  



Independent review of responses to the Defra Draft Air Quality Plan consultation 

Air Quality Management Resource Centre, UWE, Bristol 47 

London Boroughs, as well as many 
other relevant personnel, makes clear 
that a third runway would make the 
current bad pollution levels (which 
are currently already above legal 
levels) even worse. The technical 
appendix to the letter5 lists five 
reasons why the Davies Commission’s 
assessment of the effects of 
expansion on air quality is flawed, 
including that the Commission has not 
demonstrated that compliance with 
EU limit values can be achieved with a 
third runway and that test for 
compliance is based on an incorrect 
understanding of the law. 

LA Royal Borough 
of Greenwich 

N/A N/A On the point relating to Clean Air 
Zones we take the view that there 
should be a London Clean Air Zone. To 
this end we have asked the Mayor for 
London to extend his proposed Ultra 
Low Emission Zone so that it has a 
boundary contiguous with the current 
London Low Emission Zone.  We have 
engaged in early discussion on this 
issue with the Mayor’s team and we 
await the outcome of that. 

LA Runnymede 
Borough 
Council 

It is felt that at this stage it is difficult 
to respond in full or in detail to the 
Government’s consultation on its air 
quality improvement plan. This 
results, principally, from the fact that 
the publication of supporting 

In order for the air quality 
improvement plan to form a sound 
basis for meeting legal limits on NO2, 
it needs to be underpinned by 
accurate predictions of likely future 
concentrations, based on sound 

The area of RBC is included within the 
zone that incorporates London. It is 
understood that the Mayor of London 
(MoL) has set aside £20m of funding 
for London Boroughs for air quality 
initiatives yet Councils who are 
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material, which provides a thorough 
understanding of the modelling and 
underlying assumptions in the plan, 
and which we would expect to see in 
the supporting Technical Report, has 
not been published. 

evidence and firm proposals, not on 
optimistic assumptions that are not 
borne out by facts or ‘real world’ 
measurement. There requires to be a 
sound basis for predicting emissions 
from future engines/vehicles that is 
also clearly consistent with real world 
conditions. However, but it must be 
recognised that, until the results of 
this new type of work are available, 
the basis for a reliable air quality 
improvement plan is limited. 
The modelling in the air quality 
improvement plan needs to be re-run 
in the light of a thorough review of 
emissions data in order to ensure 
public confidence in the air quality 
projections. 

amalgamated with London boroughs 
within the ONS zone will not be able 
to benefit from MoL funding and 
would have to ask Defra for some of 
the £0.5m funding set aside for the 
whole of England. Hence it is felt that 
if we are part of the London zone then 
commensurate and proportionate 
grant aid funding should be applied so 
that there is some parity with the 
funding given to London Boroughs. 

LA Rushcliffe 
Borough 
Council 

N/A N/A N/A 

PC SaveOurShops 
(Leicester) 

N/A N/A N/A 

PC Self-Clean Air 
and Surfaces 

N/A N/A N/A 

LA Sheffield City 
Council 

N/A N/A According to the factual evidence 
based DEFRA funded Sheffield LEZ 
Feasibility Study (November 2013) 
https://www.sheffield.gov.uk/environ
ment/air-quality/LEZ-feasibility.html, 
if we do nothing it would be 2020 at 
the very earliest (more likely 2025), 

https://www.sheffield.gov.uk/environment/air-quality/LEZ-feasibility.html
https://www.sheffield.gov.uk/environment/air-quality/LEZ-feasibility.html
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before we are likely to become 
compliant, assuming: 
a) there is no significant net traffic 

growth over this period 
b) all the other non-traffic sources of 

NO2 contribute their 
corresponding ‘fair share’ of the 
required reduction 

c) Euro 6 / VI performance is as 
expected in congested urban 
areas and does not deteriorate 
over time 

It is noted that DEFRA are not 
currently proposing a CAZ for 
Sheffield, as it is expected we will be 
compliant by 2020.   
However, given the caveats above it is 
highly likely that Sheffield will not be 
compliant, even if we are successful 
with the ULEV Taxi and GUL bids, 
though they will help to accelerate air 
quality improvements, these schemes 
will not reduce emissions in our area 
by enough to ensure compliance. 

PB The Chartered 
Institute of 
Environmental 
Health 

While it may be true that (para 19) 
local authorities have a central role in 
achieving improvements in local air 
quality, it is insufficient that central 
government offers little more than 
data support, writing only that (para 
29) `..incentives (sic) will be 
determined taking into account the 
outcome of the consultation and the 

The plans are too voluminous to 
consider in toto but we have looked 
at part of the London Zone plan for an 
area with which we are particularly 
familiar. Nearly all of the proposed 
measures stretching over 5 pages of 
the Appendix are for road 
improvements, nevertheless, in 
almost every case, both their Focus 

N/A 
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current Spending Review', and insofar 
as in that respect the government's 
proposals are by its admission 
incomplete, as well as its reliance on 
third parties, ie local authorities, use 
of their discretionary powers, we have 
to question whether Defra's 'plan' 
amounts to such anyway, so as to 
satisfy the Commission and not be 
subject to further litigation (and, 
potentially, change). 

and their Target emissions reductions 
are 'not available'. While we 
understand that quantifying impacts 
is difficult and, in any event, 
uncertain, we do not understand how 
any reliance can be placed on 
measures where there seems to have 
been no attempt to quantify them 
(and hence consider too if they might 
embody any negative impacts, 
through displacement effects for 
example) at all. It is difficult to have 
confidence in this zonal plan (at least) 
accordingly. 
While we would understand why you 
might specify 'Euro 6' for vans/cars for 
example – no lesser standard would 
suffice and that would correlate with 
a first registration date with 
compliance identifiable via ANPR - the 
difficulty with specifying actual 
emission limits is the widely known 
discrepancy between 'test-cycle' and 
'real world' emissions, even for Euro 
6, and whereas those limits cannot be 
tested, there is no accurate surrogate 
for them either, not to mention that 
they will be meaningless to most 
owners/drivers. 

Charity UK Health 
Forum 

N/A N/A N/A 

PTE West Midlands 
Integrated 

N/A N/A As mentioned, the consultation is 
weak on the role of Highways England 
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Transport 
Authority 

and Network Rail in tackling national 
air quality problems; due to our 
central location this has a 
disproportionate impact on the West 
Midlands. Government needs to set 
out a strong framework for reducing 
emissions on the strategic road and 
rail networks, with greater incentives 
for SME’s but greater penalties for 
those users who break these 
standards. This would be achieved by 
working with local areas and freight 
groups etc. 

LA West Sussex 
County 
Council 

N/A We have concerns that the granularity 
of the modelling projections 
undertaken for the regional and local 
agglomeration zones affecting West 
Sussex. There are 10 Air Quality 
Management Areas (AQMAs) in West 
Sussex, 3 of these which fall within 
the Brighton-Worthing-Littlehampton 
agglomeration zone which covers a 
large geographical area. We are 
concerned that the regional and local 
zone plans do not make reference to 
local AQMAs and rely on modelling 
based on limited monitoring points, 
for example the Brighton Preston Park 
point for the Brighton-Worthing-
Littlehampton agglomeration zone. 
We would prefer that modelling 
projections for these zones are based 
on the monitoring undertaken for all 

N/A 
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of the AQAMs within the respective 
areas. 
It would be helpful if the zone plans 
could explain in more detail what 
assumptions have been used to define 
the target emissions reduction 
proportions identified against 
measures. 

 

i LA – Local Authority 
ii NGO – Non-Governmental Organisation 
iii PB – Professional Body 
iv PC – Private Company 
v CSC – Commons Select Committee 
vi RA – Residents’ Association 
vii PTE – Public Transport Executive 
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