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Executive Summary 
This report is part of a Euro 7 Impact Assessmenta intended to quantify the impact on measured air 

quality in urban environments throughout the EU 1  between 2020 and 2035 following the 

implementation of currently mandated emission reduction measures2  in all contributing sectors, 

including road transport. The main study explored NO2, PM2.5, PM10 and Ozone; the aim of this study 

is to focus on the effect of these measures on atmospheric concentrations of particulates (PM2.5 and 

PM10), including the impact on compliance with EU legislated, and WHO guideline values. 

Although the focus of the study is road transport, by including emissions from all source sectors the 

contribution of each sector to air quality can be evaluated to provide an overall EU air quality 

perspective. The additional impact on air quality from a series of scenarios that might additionally 

reduce road transport emissions (if this were the only regulatory measure) is also explored. 

The emissions Base Case adopted for this study is consistent with the Thematic Strategy on Air 

Pollution Report #16 Current Legislation Baseline Scenario data from the GAINS3 model for all sectors 

except road transport. Road transport emissions are derived from the SIBYL 4  baseline fleet and 

COPERT5 emission tool. Specific elements of the base line fleet have been modified to more accurately 

reflect the anticipated real-world fleet composition predicted by ACEA. 

The results indicate that the introduction of the full range of Euro7/VII6 NOX and PM2.5 emission limit 

scenarios explored in this study result in very limited further reductions in road transport emissions 

beyond that achieved from Euro 6d/VI (Base Case). Table 1 summarises the Base Case emission 

reductions from 2020 to 2030/35 and the range of additional reductions from all the scenarios 

explored in this study. NOX emissions are still relevant in the context of particulates due to their role 

in the formation of secondary particles, so are also included in the table below. 

Table 1 - NOX and PM2.5 - Emission reductions delivered by the Base Case and the range of additional 
reductions delivered by the various Euro 7/VII scenarios 

NOX Emissions - Road Transport 2030 (% reductions from 2020) 2035 (% reductions from 2020) 

Base Case Scenarios Base Case Scenarios 

Euro 7 Final Scenarios 
(diesel cars and vans) 

66.7% 

0.9 - 3.4% 

79.0% 

1.1 - 4.6% 

Euro VII Scenarios 
(heavy duty vehicles) 

0.1 - 1.6% 0.1 - 2.4% 

PM2.5 Emissions - Road Transport 

Euro 7 Final Scenarios 
(diesel cars and vans) 

20.7% 0.8 - 1.6% 17.3% 1.1 - 2.1% 

1 For the purposes of this study, the ‘EU’ includes the EU 27 nations and the United Kingdom. 
2 Where it has not been possible to quantify the impact of a measure, for example the Medium Combustion Plant Directive, 
emissions have not been reduced. 
3 The Greenhouse gas - Air pollution Interactions and Synergies (GAINS) model, developed at the International Institute for 
Applied Systems Analysis (IIASA). 
4 SIBYL baseline: vehicle fleet and activity data projections for the member states of the of the EU. 
5 COPERT is the EU standard vehicle emissions calculator, developed and maintained by EMISIA SA for the EEA. 
6 Euro 7/VII refers to possible new standards beyond the current Euro 6/VI emission standard. The introduction of various 
potential Euro 7/VII standards are explored in this report. 



4 

The study also explores the benefits that result from the early replacement of Euro 3/III through to 

Euro 5/V vehicles with Euro 6/VI vehicles in the 2020/21 diesel passenger and heavy-duty vehicle parc. 

In contrast to the very limited further reductions resulting from the introduction of a ‘zero-exhaust’ 

Euro 7/VII emission standard, early replacement (via an incentivised early scrappage scheme for 

example) would, on a vehicle for vehicle basis, result in some 10 to 35 times the emissions reduction 

benefit for PM2.5. Importantly these benefits would also be realised much earlier. The full monetised 

benefits of such schemes will be set forth in a separately published Euro 7/VII cost-benefit analysis. 

To determine the impact of these emission changes, the concentrations at urban monitoring stations 

across the EU have been modelled using the AQUIReS+ model, developed by Aeris Europe and used 

in previously published works on urban air quality.b, c 

Regarding the impact on air quality, the results of the study indicate that currently mandated (Base 

Case) measures will achieve widespread compliance with the currently legislated PM2.5 and PM10 air 

quality limit values (AQLV)7 by 2025. However, compliance with the much lower WHO PM2.5 guideline 

value8 is shown to be a major challenge for most of the EU with over 50% of stations remaining non-

compliant in 2030. None of the additional road transport measures explored in this study have any 

appreciable impact on compliance with either the currently legislated limits, or the stricter WHO 

guideline values. 

Over 99% of PM2.5 urban monitoring stations are predicted to be compliant with the EU AQLV by 

2025 following the implementation of currently mandated measures. This suggests that further 

European-wide measures are unnecessary to achieve complete compliance with the currently 

legislated AQLV. The remaining non-compliant stations could be more effectively brought into 

compliance by introducing local measures that target the specific contributors to non-compliance at 

these geographically limited areas. 

PM10 compliance remains an issue in specific regions of the EU out to 2035 in the current emissions 

Base Case. These regions demonstrate a clear clustering of non-compliance that show little response 

to the additional European scale reductions that have been modelled in this study. This suggests that 

a regional or perhaps national approach, specifically targeting the sources contributing to non-

compliance in these areas would be a more efficient and reliable strategy. 

If further reductions in urban concentrations of PM2.5 and PM10 are to be realised, then the results 

indicate that reducing primary particulate emissions from solid fuel burning in domestic and 

commercial combustion systems or the reduction of ammonia emissions from the agriculture sector 

(an important pre-cursor of secondary particulates9) provide the greatest scope for improvement. This 

is simply because these two sectors are by far the greatest contributors to primary and secondary 

concentrations respectively, dwarfing the contribution from road transport. 

While the main study also explores the impact of the outbreak of SARS-COV-2 (COVID-19) on air 

quality, in the case of PM2.5, the lockdown resulted in a very limited impact on measured 

concentrations compared to recent years. This lack of change has been noted in other studies on the 

subject. The modelled response, as expected, was also found to be small. This is consistent with the 

small contribution of NOX and PM2.5 emissions from road transport to overall PM2.5 concentrations. 

7 For Air Quality Limit Values see Table 4 (page 19). 
8 For WHO guideline values see Table 5 (page 19). 
9 Primary and Secondary Particulates, page 12. 
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a (Aeris Europe, 2021) Euro 7 Impact Assessment: The Outlook for Air Quality Compliance in the EU and the Role 
of the Road Transport Sector  
b (Aeris Europe, 2016) Urban Air Quality Study, #11/16  
c (Concawe, 2018) A comparison of real driving emissions from Euro 6 diesel passenger cars with zero emission 
vehicles and their impact on urban air quality compliance  
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Introduction 
Air Quality in European cities continues to be an issue of policy and public concern at European, 

national and city level. While the last few years has seen attention focussed almost exclusively on non-

compliance with the current AQLV for ambient nitrogen dioxide (NO2), in some areas of the EU 

compliance with PM2.5 and/or PM10 limit values remains an issue. Importantly, efforts to reduce NOX 

emissions from road transport generally have little to no effect on particulate concentrations, an effect 

explored later in this report. 

The forthcoming revision of the Ambient Air Quality Directive (AAQD) may reduce the permitted 

concentrations of specific pollutants and this is likely to further intensify current concerns over air 

quality and increase the focus on those emission sources that are believed to be major contributors 

to non-compliance. In response to this, the European Commission have started to prepare draft 

regulatory proposals for the next iteration of vehicle emission standards. To assist in the formulation 

of these Euro 7/VII proposals, the Commission have contracted members of CLOVE (Consortium for 

Ultra Low Vehicle Emissions) to conduct a series of studies. 

The aim of this independent study is to put the contribution of road transport emissions into a Europe-

wide context by examining the impact on urban air quality that currently mandated emission 

reduction measures from all contributing sectors will achieve. This is followed by an assessment of 

what a further tightening of Euro standards, including a hypothetical ‘Euro 7/VII’ can offer to the 

improvement of air quality compared to other available actions. 

Given the probable tightening of AQLVs for PM2.5 and PM10, these pollutants are assessed in this 

report to put the contribution of EU road transport emissions (and their further reduction) into an 

overall EU air quality perspective. 

The AQUIReS+ model has been used to forecast the effect of emissions changes on atmospheric 

concentrations at urban monitoring stations across the EU from 2020 to 2035. This ensures that the 

modelling is directly related to the same measuring stations that are used to monitor compliance with 

the legislated limit values. In this regard, it is worth noting that these limit values, as set forth in the 

Ambient Air Quality Directive, are the result of a lengthy legislative process beginning with the ‘Risk 

Assessment’ step undertaken by the WHO and concluding with the ‘Risk Management’ step of the 

finalisation process of the Directive. As such, these limits represent the legislator’s view of the 

appropriate level of managing the risk associated with human exposure to each pollutant in the 

context of a multi-risk world. Therefore, from an air quality perspective, compliance with limit values 

must be the priority for the protection of human health.   

This report focusses on the concentration of particulates; PM2.5 and PM10. Both primary and 

secondary sources of particulates from all sources are considered in this study so that all contributors 

to particulate concentration are accounted for.  
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Methodology 
For full details of the methodology and modifications to the vehicle fleets, please see the main 

report: Euro 7 Impact Assessment: The Outlook for Air Quality Compliance in the EU and the Role of 

the Road Transport Sector. 

What follows here is a summary of the key elements. 

Emissions Base Case 
The emissions Base Case used in this study is aligned with the January 2015 Thematic Strategy on Air 

Pollution Report #16 (TSAP16) Working Party for the Environment (WPE) Current Legislation Baseline 

Scenario.a,b This emissions data set was developed for the EU Air Policy Review process,c and was 

generated by IIASA’s GAINS model. 

The reference activity projections included in the national, sectoral emissions totals are based on the 

PRIMES 2013 reference activity projections, however they obviously exclude the effects of further 

measures that were legislated in response to the findings of the Clean Air Programme for Europe. 

Examples of these are, the Medium Combustion Plants Directive (MCPD) and the latest National 

Emissions Ceilings Directive (NECD).d,e As a result, the Base Case adopted for this study should be 

considered as somewhat under-estimating anticipated overall emissions reductions. 

Road transport emissions in the Base Case are based on the ‘SIBYL Baseline’ fleet and activity dataset, 

produced by Emisia S.A. This dataset was chosen as it has been used by the CLOVE consortium in their 

work supporting the EU Commission review of future vehicle emission standards. The SIBYL Baseline 

includes vehicle fleet, activity, emissions, and energy consumption projections for the EU 27 member 

states and 6 additional countries, including the UK. In this study the SIBYL baseline fleet data set of 

May 2020, as presented in the Emisia ERTE 2020 reportf was used as the starting vehicle fleet.  

A review of the SIBYL fleet data showed a somewhat ambitious uptake of plug-in hybrid and battery 

electric vehicles in the passenger car (PC) fleet category beyond 2020. It also showed no penetration 

of Zero or Low Emission Vehicles (ZLEV) in any of the other fleet categories. In consultation with ACEA 

experts, an alternative view of new registration penetration rates for zero and low emission vehicles 

(ZLEV) was developed across all fleet categories. These penetration rates reflect ACEA estimates of 

fleet electrification based on the CO2 benchmarks (2025/2030) in the case of light-duty vehiclesg and 

CO2 targets (2025/2030) in the case of heavy-duty vehiclesh, and the expected impact of the Clean 

Vehicle Directive i. In view of the ‘Green Deal’, the already considered greenhouse gas reduction 

targets for 2030, and the CO2 reviews in 2020/21, these fleet electrification penetration rates are likely 

to be underestimates even considering the more ambitious penetration rates used in this study. 

COPERT version 5.3.26 was used in this study but with important modifications to Euro 6/VI diesel NOX 

emission factors.  These modifications were made following a back-calculation of emission factors 

from the SIBYL Base Case data and adjusted in consultation with ACEA and a review of measurement 

data. 

The full results of these modifications and their rationale can be found in the main study. 

 

 

 

 

  



10 
 

Overview of Base Case Emissions by Sector - PM2.5 
Figure 1 shows the total (EU) PM2.5 emissions in the Base Case used in this study. Each source sector 

is shown separately so that the contribution from each sector to overall emissions can be seen. Over 

the fifteen-year period from 2005 to 2020, emissions from several sectors have remained fairly 

constant showing increases or decreases of less than 20%.  

The greatest emission reductions have been in the road transport sector, the energy sector and from 

non-road mobile machinery. There has been a 57% reduction in PM2.5 emissions from road transport 

between 2005 and 2020 and a similar reduction is observed in the non-road mobile machinery sector.  

Between 2020 and 2030, emissions from most sectors are forecast to remain essentially unchanged, 

exceptions being the domestic and commercial combustion sector, road transport, and non-road 

mobile machinery. 

 

 

Figure 1 - EU - PM2.5 Emissions Base Case. Source: GAINS IIASA. 

 

Exhaust and non-exhaust emissions 
PM2.5 emissions from road-transport are divided into two main sources; exhaust and non-exhaust. 

Exhaust emissions are produced by combustion within the engine. A gasoline engine produces much 

less mass of particulates than a diesel engine. However, all modern diesel engines are equipped with 

highly efficient particulate filters so almost all particulates are removed. Modern gasoline engines are 

now employing particle filter technology to meet current particle number (PN) limits. 

Non-exhaust emissions are produced by mechanical abrasion, primarily by abrasion between the road 

and tyres, and between braking surfaces. 
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Whether electric vehicles produce different quantities of non-exhaust emissions compared to non-

electric vehicles is still being studied.j But given that any intrinsic difference in non-exhaust emissions 

between vehicles with all-electric, hybrid or conventional engines is likely to be small, no adjustments 

to these emissions have been made for the different powertrains in this study.  

PM2.5 emissions from vehicle exhaust systems have reduced dramatically over the 15 years between 

2005 and 2020 as particulate filters (required to meet the tighter Euro Standards for particle mass and 

number) have penetrated the vehicle parc (Figure 2). This trend is expected to continue as older 

vehicles are replaced by new technology. Despite increasing fleet numbers, the high efficiency of 

particulate control systems in modern cars and evolution of the fleet continues to result in a reduction 

in these emissions out to 2030 and beyond. By 2025, some 75% of all road-transport PM2.5 emissions 

are from non-exhaust sources, this increases to 87% by 2030 and 91% by 2035. 

 

 

Figure 2 - PM2.5 Emissions from road transport in the EU, split into exhaust and non-exhaust fractions 
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Primary and Secondary Particulates 
At any given location, the total particulate concentration includes a primary and secondary fraction. 

The primary fraction consists of particles emitted at source and any subsequent changes are due to 

physical processes (e.g., agglomeration). The primary PM2.5 emissions discussed above are 

responsible for this primary fraction. 

Secondary particulate matter is formed from physical and chemical processes in the atmosphere. It is 

mainly formed from emissions of sulphur dioxide (SO2), nitrogen dioxide (NO2), ammonia (NH3) and 

non-methane volatile organic compounds (NMVOC). Therefore, the emissions of all these pollutants 

are, to varying degrees, responsible for the particulate concentration at any given location. A 

simplified block diagram illustrating how primary and secondary emissions relate to total 

concentration is shown in Figure 3.  

 

 

 

 

 

 

 

 

 

 

Given the varying emissions in each country, local sources of primary pollutants, atmospheric 

chemistry, and meteorology, the exact relationship between emissions and concentrations of 

particulates is complex and the exact proportion of the primary and secondary fractions at a given 

location can vary greatly and 

change over time. The change in 

relative proportion of primary 

and secondary particulates, as 

well as changes in overall 

concentration at an urban-

background station in the EU is 

illustrated in Figure 4. This also 

shows that the secondary 

fraction can be, by far, the most 

significant contributor to overall 

concentration. It is therefore 

important that the contribution 

of all relevant pre-cursor 

emissions is explored if effective 

reductions in concentration are 

to be realised.  
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To account for the contribution of secondary pre-cursor emissions to overall particulate 

concentrations, ‘source-receptor’ relationships between pre-cursor emissions and secondary 

particulate concentrations are incorporated into AQUIReS+. This means that the contribution of all 

emissions is represented in the modelled concentrations, including the contribution of NOX emissions 

from road transport to secondary PM2.5 concentrations.  

To generate the source-receptor relationships used in AQUIReS+, the EMEP model is run some 1200 

times1 simulating an emission reduction of one pollutant in one country (or sea area) for each of five 

meteorological years. The resulting changes in concentration (or other impact) in every grid in the 

EMEP model domain are then processed by Aeris to generate an ‘emission to concentration/impact’ 

relationship, more commonly called a source-receptor function. The multiple years are necessary to 

reduce the effect of inter-annual variability. 

To help illustrate the contribution from the various emission sources to particulate concentrations, a 

brief look at the largest contributor to primary PM and the largest contributor to secondary PM is 

useful. As seen earlier in Figure 1, by far the largest source of primary PM2.5 emissions is combustion 

in the domestic and commercial sectors. This sector is further broken down into sub-sectoral emission 

sources in Figure 5. It can be clearly seen that the largest contributors to primary PM2.5 emissions in 

the EU are solid fuel heating stoves and boilers. This also explains why the scenario2 that reduces 

emissions in this sector has such a major impact on concentrations and consequent compliance with 

AQLVs across the EU. Another factor that needs to be considered is the simple fact that domestic and 

commercial combustion often occurs in urban and suburban environments, this means that the effect 

of these emissions is more immediately reflected in urban concentrations. 

 

 

Figure 5 - EU 28 - residential and commercial combustion - PM2.5 emissions by source 

 

 
1 Aeris gratefully acknowledges the co-operative relationship with NMI in their provision of these detailed simulations 
which enabled generation of SR functions for the whole of Europe. 
2 Scenario 9 - Other Scenarios page 17. 
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The emissions that contribute to overall PM concentration are shown for the whole of the EU in Figure 

6. This reveals significant reductions in most emissions over time, the largest reductions being NOX 

and SO2. Each secondary emission has a different potential for producing particulates, with SO2 and 

NH3 producing far more particulates for a given quantity of emission than NOX or VOCs.k Taking into 

account this potential to form particulates, the emission responsible for the majority of secondary 

particulates in the EU is ammonia, and the largest contributor to ammonia emissions is agriculture 

Figure 7. This helps to explain why the scenario3 that explored reductions in agricultural ammonia 

emissions had a significant impact on PM2.5 concentrations and compliance.  

 

 

Figure 6 - EU28 emissions of primary PM and secondary PM pre-cursors 

 

Figure 7 - EU28 emissions of ammonia (NH3) by sector 

 
3 Scenario 10 - Other Scenarios page 17. 
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An important feature of ammonia emissions is the fact that they have remained largely constant since 

2010 and are not predicted to change much in the future in the current Base Case. However, under 

the obligations of the National Emissions Ceilings Directive (NECD)l, reductions of various emissions 

from a base year of 2005 need to be achieved. Each pollutant (and country) has a different reduction 

target, and for NH3 (when aggregated across the EU) these are a 6% reduction by 2020 and 19% by 

2030. While these obligations would have little effect on the Base Case in 2020, by 2030 ammonia 

emissions in the Base Case should reduce by some 300kt/a. This means that if the NECD reduction for 

NH3 were to be achieved, then the Base Case emissions of NH3 used in this study would be higher by 

nearly 10%. Therefore, it is likely that real-world concentrations of PM2.5 would be somewhat lower 

than modelled; somewhere between the Base Case and Scenario 10 in which agricultural NH3 

emissions were reduced by 50%. 
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Scenarios 
While this study is focussed primarily on road transport emissions and their contribution in context 

with other emissions, for the reasons mentioned earlier, some of the scenarios also model the effect 

of emission reductions from other sectors.  hese have largely taken the form of ‘sensitivity scenarios’ 

to help frame the contribution from these sectors in relation to other sources.  

Throughout these scenarios (and the report as a whole) shorthand terms are used to describe different 

components of the vehicle fleet, these terms and their meanings are listed in Table 2. 

Table 2 - Glossary of vehicle classifications 

Term Description 

PC Passenger Car 

PCD Diesel Passenger Car 

PCG Gasoline Passenger Car 

LCV N1-I Light Commercial Vehicles with a TPMLM4 < 1305kg 

LCV N1-II Light Commercial Vehicles with a TPMLM > 1305kg and < 1760kg 

LCV N1-III Light Commercial Vehicles with a TPMLM > 1760kg and < 3500kg 

LCV N2 Light Commercial Vehicles with a TPMLM > 3500kg and < 12000kg 

LDV Light Duty Vehicles: An aggregation of LCV N1-II and LCV N1-III 

HDV Heavy Duty Vehicles (trucks) with a TPMLM > 12000kg 

HCV 
Heavy Commercial Vehicles: An aggregation of LCV N2, buses and commercial 
vehicles with a TPMLM >12000kg 

The scenarios were primarily designed to determine the impact on air quality and compliance with air 

quality limit values over a wide range of emissions reductions from diesel vehicles and other non-

transport sources. 

Each scenario was developed jointly between ACEA and Aeris Europe, with input in the form of 

comments and requests received from the AGVES5 stakeholder group. Each of the transport scenarios 

was designed with implementation dates of 2025 and 2027 to test the impact on air quality of 

alternative ‘Euro 7/Euro VII’ start dates.  he non-transport scenarios were all designed with 

implementation from 2 2  and a series of hypothetical ‘zero emission scenarios’ were included as the 

‘highest possible impact’ cases. 

The scenarios and dates chosen in this study are for modelling purposes only. They do not represent 

any commitment to a level of technical feasibility, nor feasible timings which is highly dependent on 

any regulatory process. 

The main report includes full descriptions of each scenario, only those discussed in this report are 

featured below. For each scenario, the rationale is defined, and detail of the coefficients applied to 

the Base Case vehicle emission factors are specified. 

4 TPMLM - Technically Permissible Maximum Laden Mass 
5 Advisory Group on Vehicle Emission Standards 
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Passenger Car and Light Duty Vehicle Scenarios 
Scenario 7 - Diesel PC and LCV: NOX 0, PM2.5 0 

 his scenario was run to give a hypothetical ‘book-end’ to possible emissions reductions. For diesel PC 

and LCV N1-I both NOX and PM2.5 exhaust emission factor coefficients were set to zero.  

Other Scenarios 
Scenario 9 - Zero Emissions from Domestic & Commercial Combustion 

A hypothetical ‘book-end’ scenario to test the impact on air quality if residential and commercial 

emissions of both NOX and PM2.5 were reduced to zero from 2025. 

Scenario 10 - NH3 Emissions from Agricultural Sector: 50% 

Scenario 11 - NH3 Emissions from Road Transport: 50% 

A pair of comparison scenarios to test the relative impacts on air quality of NH3 emissions from 

agriculture (Scenario 10) or Road transport (Scenario 11) being halved from 2025 onwards. 

Scenario 15 - VOC Emissions from Road Transport: Zero 

A hypothetical ‘book-end’ scenario to test the impact on air quality of eliminating all VOC emissions 

from road transport from 2025. 

Scenario 16 - VOC Emissions from Solvent and Product Use sector: 50% 

A hypothetical ‘book-end’ scenario to test the impact on air quality of eliminating all VO  emissions 

from the ‘solvent and product use’ sector from 2 2 . 

Scenario Emission Changes 
Table 3 shows that, for the period to 2030, emissions of NOX and PM2.5 are forecast to decline 

significantly as the impact of existing measures take effect and from the impact of future vehicle fleet 

CO2 targets. Post 2030, PM2.5 emissions are predicted to increase slightly, this is due to increasing 

vehicle activity and consequent increases in non-exhaust emissions outweighing tailpipe emission 

reductions, this is also shown earlier in Figure 2.  

Table 3 - PM2.5 - Emission reductions delivered by the Base Case and a range of the additional increments 
delivered by the various Euro 7/VII scenarios. 

NOX Emissions - Road Transport 2030 (% reductions from 2020) 2035 (% reductions from 2020) 

Base Case Scenarios Base Case Scenarios 

Euro 7 Final Scenarios 
(diesel cars and vans) 

66.7% 

0.9 - 3.4% 

79.0% 

1.1 - 4.6% 

Euro VII Scenarios 
(heavy duty vehicles) 

0.1 - 1.6% 0.1 - 2.4% 

PM2.5 Emissions - Road Transport 

Euro 7 Final Scenarios 
(diesel cars and vans) 

20.7% 0.8 - 1.6% 17.3% 1.1 - 2.1% 
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For both NOX and PM2.5, the significant emissions reductions delivered by the Base Case are in sharp 

contrast with the emissions reductions delivered by the scenarios. Even the most ambitious NOX 

scenario only delivers an additional 4.6% reduction beyond the 79% reduction delivered in the Base 

Case. For PM2.5 this additional maximum emissions reduction is only 2.1%. NOX emission reductions 

are relevant to PM2.5 as they play a role in the formation of secondary particulates. 

 

Early Replacement of Existing Vehicles 
Early scrappage scenarios were considered for both diesel passenger cars and heavy-duty vehicles. 

Several approaches were tested to simulate older vehicle replacement strategies and alternative 

uptake rates for vehicles meeting the current Euro 6d/VI standards. In summary, it was found that: 

• The range of Diesel Passenger Car (medium) NOX emissions reductions from replacing a Euro 

5 to Euro 3 vehicle with a Euro 6d vehicle is 6 to 8 times that of replacing a Euro 6d vehicle 

with a zero-tailpipe emission vehicle. 

• The range of Diesel Passenger Car (medium) PM exhaust emissions reductions from replacing 

a Euro 4 or Euro 3 vehicle with a Euro 6d vehicle is about 20 times that of replacing a Euro 6d 

vehicle with a zero-tailpipe emission vehicle. 

• The range of HDV NOX emissions reductions (averaged across weight classes) from replacing 

a Euro V to Euro III vehicle with a Euro VI vehicle is 10 to 25 times that of replacing a Euro VI 

vehicle with a zero-tailpipe emission vehicle.  

• The range of HDV PM exhaust emissions reductions (averaged across weight classes) from 

replacing a Euro V to Euro III vehicle with a Euro VI vehicle is 10 to 35 times that of replacing 

a Euro VI vehicle with a zero-tailpipe emission vehicle. 

Notably, through successful implementation of a targeted scrappage scheme, these significant 

reductions would be realised well before even the most ambitious Euro7/VII regulation could be 

implemented. Full details of the benefits of scrappage schemes will be explored at both EU and 

member state levels in a forthcoming publication on cost benefits. 

 

SARS-COV-2 (COVID-19) 
The global outbreak of SARS-COV-2 in early 2020 resulted in a substantial change in emissions across 

the EU. National and regional lockdowns, international travel restrictions, enforced home-working and 

a myriad of other behavioural changes provided a unique opportunity to study how changing 

emissions affected air quality.  

For the emissions Base Case, emission changes due to the pandemic have deliberately been excluded, 

so in effect the Base Case represents a world where the pandemic did not happen. This allows for 

trends over time to be more effectively and easily observed and prevents a significant, but temporary 

event from impacting future air quality trends. 
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EU Air Quality Limit Values 
The current ambient air quality limit values as defined in the Ambient Air Quality Directive (AAQD) are 

referred to throughout this study and are summarised in Table 4. For those pollutants with more than 

one metric, the * indicates the statistically more significant limit, or the metric that will usually be 

exceeded first. 

Table 4 - EU Ambient Air Quality Limit Values 

Pollutant Frequency Value (µg/m3) Allowed Exceedances 

Particulate Matter (PM2.5) Annual Mean 25 0 

Particulate Matter (PM10) Daily Exceedance *m, n 50 35 

Particulate Matter (PM10) Annual Mean 40 0 

 

WHO Guideline Values 
The World Health Organisation (WHO) have published a series of guideline values for ambient air 

qualityo that in some cases are the same as those in the AAQD, and in some cases lower. The most 

recent guidelines at the time of writing are those published in 2005 and summarised in Table 5. 

Table 5 - WHO Guideline Values 

Pollutant Frequency Value (µg/m3) 

Particulate Matter (PM2.5) Daily Exceedance  25 

Particulate Matter (PM2.5) Annual Mean 10 

Particulate Matter (PM10) Daily Exceedance  50 

Particulate Matter (PM10) Annual Mean 20 
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Air Quality Model - AQUIReS+ 
AQUIReS+ is Aeris Europe’s air quality forecasting model. Designed to predict the concentration of the 

main pollutants covered by the AAQD, and compliance with air quality limit values at individual 

monitoring stations in the European air quality monitoring station network. The AQUIReS+ model has 

been used in several published works on European air qualityp,q and is well suited to support the aims 

of this study. 

Further details related to AQUIReS+, modelling errors and input data can be found in the main report. 

Compliance Banding 
Within AQUIReS+ the RMS modelling error is calculated for each station individually; it is therefore 

possible to assign a station specific band of uncertainty with respect to compliance with a given limit 

value. In this study each station has been grouped into one of the four categories defined in Table 6. 

Table 6 - Station compliance categories 

Abbreviation Name Description 

C Compliant 
Modelled concentration is below the limit or guideline value 
by at least the RMS error of that station. 

PC Probably Compliant 
Modelled concentration is below the limit or guideline value 
by less than the RMS error of that station. 

PNC Probably Non-Compliant 
Modelled concentration is above the limit or guideline value 
by less than the RMS error of that station. 

NC Non-Compliant 
Modelled concentration is above the limit or guideline value 
by at least the RMS error of that station. 

 he two categories ‘ robably  ompliant’ and ‘ robably Non- ompliant’ may be grouped together into 

a single category of ‘Uncertain  ompliance’ (UC).  
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a (IIASA, 2015a) Adjusted historic emission data, projections, and optimized emission reduction targets for 2030 
– A comparison with COM data 2013. Part A: Results for EU-28.  
b (IIASA, 2015b) Adjusted historic emission data, projections, and optimized emission reduction targets for 2030 
– A comparison with COM data 2013. Part B: Results for Member States.  
c (European Commission, 2011) Review of EU Air Quality Policy - Commission Staff Working Document 
(SEC(2011)342)  
d (Directive (EU) 2016/2284, 2016) The European Parliament and of the Council of 14 December 2016 on the 
reduction of national emissions of certain atmospheric pollutants, amending Directive 2003/35/EC and 
repealing Directive 2001/81/EC  
e (Directive (EU) 2015/2193, 2015) European Parliament and of the Council of 25 November 2015 on the 
limitation of emissions of certain pollutants into the air from medium combustion plants    
f (Papadimitriou & Mellios, 2020) European Road Transport & Emissions Trends Report  
g (Regulation (EU) 2019/631, 2019) Setting CO2 emission performance standards for new passenger cars and 
for new light commercial vehicles, and repealing Regulations (EC) No 443/2009 and (EU) No 510/2011  
h (Regulation (EU) 2019/1242, 2019) Setting CO2 emission performance standards for new heavy-duty vehicles 
and amending Regulations (EC) No 595/2009 and (EU) 2018/956 of the European Parliament and of the Council 
and Council Directive 96/53/EC  
i (Directive (EU) 2019/1161, 2019) Directive (EU) 2019/1161 of the European Parliament and of the Council of 
20 June 2019 amending Directive 2009/33/EC on the promotion of clean and energy-efficient road transport 
vehicles  
j (Timmers & Achten, 2016) Non-exhaust PM emissions from electric vehicles  
k (Amann & Wagner, 2014) TSAP Report #15 - A Flexibility Mechanism for Complying with National Emission 
Ceilings for Air Pollutants  
l (Directive (EU) 2016/2284, 2016) The European Parliament and of the Council of 14 December 2016 on the 
reduction of national emissions of certain atmospheric pollutants, amending Directive 2003/35/EC and 
repealing Directive 2001/81/EC  
m (Buijsman, et al., 2005) Particulate Matter: a closer look. MNP report no. 500037011  
n (Stedman, et al., 2007) A consistent method for modeling PM10 and PM2.5 concentrations across the United 
Kingdom in 2004 for air quality assessment  
o (WHO, 2005) WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide    
p (Aeris Europe, 2016) Urban Air Quality Study, #11/16  
q (Concawe, 2018) A comparison of real driving emissions from Euro 6 diesel passenger cars with zero emission 
vehicles and their impact on urban air quality compliance  
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Results - PM2.5 
Base Case 
In the Base Case, widespread compliance with the currently legislated annual mean limit value for 

PM2.5 is already realised across the EU with nearly complete compliance predicted by 2025 from the 

currently mandated measures alone (Figure 8). This is a conservative view of compliance (as discussed 

earlier in the report), since the PM2.5 emissions reductions in some non-transport sectors in the Base 

Case used in this study are likely to be understated.1 However, the possible introduction of the WHO 

10µg/m3 guideline value would result in widespread and persistent non-compliance in almost every 

EU country (Figure 9). Therefore, its introduction as a binding limit value would be a major compliance 

challenge for almost every member state. 

Figure 8 - EU - PM2.5 Predicted compliance with 25µg/m3 EU AQLV: 2020 - 2035 Base Case 

1 See Base Case methodology section for explanation, page 9. 
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Figure 9 - EU - PM2.5 Predicted compliance with 10µg/m3 WHO Guideline: 2020 - 2035 Base Case 
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Air Quality Response to Key Scenarios 
To simplify discussion of the impact of additional emission abatement, those scenarios that introduce 

the largest changes to primary PM2.5 emissions and secondary pre-cursors are compared with the 

road transport scenario with the largest exhaust emission reduction (Scenario 7). These are 

highlighted in Table 7 against compliance with the EU annual mean limit value of 25µg/m3, and Table 

8 against compliance with the WHO guideline value of 10µg/m3. 

Table 7 - PM2.5 - Non-compliant station summary under key scenarios in the EU - EU AQLV (total of 921 
stations) 

 2020 2025 2030 2035 

Base Case 26 (3%) 7 (0.8%) 4 (0.4%) 4 (0.4%) 

Diesel PC and LCV Exhaust: NOX 0, PM2.5 0 
(2025) Scenario 7 

26 (3%) 7 (0.8%) 3 (0.3%) 4 (0.4%) 2 

Zero Emissions from Domestic & Commercial 
Combustion (2025) Scenario 9 

26 (3%) 0 0 0 

NH3 Emissions from Agricultural Sector: 50% 
(2025) Scenario 10 

26 (3%) 3 (0.3%) 1 (0.1%) 1 (0.1%) 

NH3 Emissions from Road Transport: 50% 
(2025) Scenario 11 

26 (3%) 7 (0.8%) 4 (0.4%) 4 (0.4%) 

Zero VOC Emissions from Road Transport 
(2025) Scenario 15 

26 (3%) 7 (0.8%) 4 (0.4%) 4 (0.4%) 

VOC Emissions from Solvents & Product Use 
Sector: 50% (2025) Scenario 16 

26 (3%) 7 (0.8%) 4 (0.4%) 4 (0.4%) 

 

Given that widespread compliance with the current PM2.5 EU AQLV is already achieved and only a 

few isolated stations are predicted to remain non-compliant by 2025, there is little justification for 

further measures that target PM2.5 emissions. As is to be expected from the discussion on emissions 

in the chapter Overview of Base Case Emissions by Sector - PM2.5, the only two scenarios that reduce 

concentrations enough to change the compliance situation at any urban stations, are those that 

represent the largest primary and secondary sources; domestic and commercial combustion, and 

agriculture. 

Applying further emissions abatement technologies to road transport is projected to have a negligible 

effect on compliance since the major source of PM2.5 emissions from road transport is from non-

exhaust sources. Of all the measures explored in this study, only those that target non-transport 

emissions show that full compliance is achievable. 

An analysis of the residual non-compliance in the Base Case from 2025 shows that all non-compliant 

stations except one are in Poland, the exception being a single station in Croatia (Figure 10). Both 

countries burn significant amounts of solid fuel (largely coal) in the domestic sector. The results from 

the ‘zero emissions from the domestic   commercial sector’ scenario  a surrogate for eliminating solid 

 
2 Increasing vehicle numbers result in increased non-exhaust PM2.5 emissions between 2030 and 2035. 
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fuel burning in this sector) confirms the efficacy of such a step by bringing about full compliance with 

the EU AQLV. 

When comparing predicted concentrations of PM2.5 to the WHO guideline value, widespread non-

compliance is seen throughout most of the EU (Table 8). This can be seen in Figure 10 where all but 

the white coloured stations are non-compliant in 2025. The European Commission have adopted the 

WHO guide value as their long-term goal in the 7th Environmental Action Programme. 

Further road-transport measures only offer a marginal improvement in compliance with the WHO 

guideline value. Reducing emissions from domestic and commercial combustion to zero, while greatly 

improving the number of stations compliant with the WHO guideline still leaves at least a quarter of 

urban stations non-compliant.  

Table 8 - PM2.5 - Non-compliant station summary under key scenarios in the EU - WHO Guideline (total of 
921 stations) 

 2020 2025 2030 2035 

Base Case 692 (75%) 570 (62%) 491 (53%) 479 (52%) 

Diesel PC and LCV Exhaust: NOX 0, PM2.5 0 
(2025) Scenario 7 

692 (75%) 570 (62%) 474 (51%) 471 (51%) 

Zero Emissions from Domestic & Commercial 
Combustion (2025) Scenario 9 

692 (75%) 284 (31%) 231 (25%) 229 (25%) 

NH3 Emissions from Agricultural Sector: 50% 
(2025) Scenario 10 

692 (75%) 421 (46%) 354 (38%) 351 (38%) 

NH3 Emissions from Road Transport: 50% 
(2025) Scenario 11 

692 (75%) 568 (62%) 478 (52%) 478 (52%) 

Zero VOC Emissions from Road Transport 
(2025) Scenario 15 

692 (75%) 567 (62%) 477 (52%) 476 (52%) 

VOC Emissions from Solvents & Product Use 
Sector: 50% (2025) Scenario 16 

692 (75%) 553 (60%) 466 (54%) 462 (50%) 
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Figure 10 - EU - PM2.5 Compliance with WHO Guideline (white) and the EU AQLV (white + green) - 2025 - 
Scale is in µg/m3 

 

City Focus - PM2.5 
In the Base Case, seven of the nine cities are already compliant in 2020 with the AAQD legislated 

annual mean limit of 25µg/m3. The remaining two cities of Milan and Warsaw were predicted to be 

close to compliance (within the uncertainty band) in 2020 and forecast to be fully compliant by 2025. 

However, the application of the WHO guide value of 10µg/m3 would make non-compliance 

widespread in all the cities with the exception of Madrid. None of the road transport scenarios 

significantly reduce the non-compliance seen within these cities at the suggested lower limit. Even 

under the ‘zero exhaust’ emission scenarios  i.e., electrification of elements of the fleet  

concentrations are not significantly reduced due to the overwhelming contribution from the non-

exhaust component.  
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Looking in detail at the nine selected cities, there is very little non-compliance by 2020 in the Base 

Case and no non-compliance by 2025 with the AQLV set forth in the current AAQD (Table 9). However, 

the compliance situation changes radically when the WHO guideline value is used to measure 

compliance, shown in Table 10. This reveals that were the WHO value adopted as a binding limit value, 

compliance would become a significant challenge, even for many cities already highly compliant with 

the EU AQLV. In these tables, the number of compliant (C), non-compliant (NC) and uncertain 

compliance (UC)3 stations in each of the selected cities is shown, please see Compliance Banding on 

page 20 for an explanation of compliance bands. 

Table 9 - Base Case compliance in the nine selected cities - PM2.5 EU AQLV (25µg/m3 annual mean) 

 2020 2025 
 C UC NC C UC NC 

Brussels 4 0 0 4 0 0 

Berlin 4 0 0 4 0 0 

Stuttgart 3 0 0 3 0 0 

Madrid 6 0 0 6 0 0 

Paris 6 0 0 6 0 0 

Rome 7 0 0 7 0 0 

Milan 2 2 0 4 0 0 

Warsaw 2 1 0 3 0 0 

London 10 0 0 10 0 0 

 

Table 10 - Base Case compliance in the nine selected cities - PM2.5 WHO Guideline (10µg/m3 annual mean) 

 2020 2025 
 C UC NC C UC NC 

Brussels 0 0 4 0 1 3 

Berlin 0 0 4 0 0 4 

Stuttgart 0 0 3 0 1 2 

Madrid 4 2 0 4 2 0 

Paris 0 2 4 0 4 2 

Rome 0 0 7 0 2 5 

Milan 0 0 4 0 0 4 

Warsaw 0 0 3 0 0 3 

London 4 3 3 7 0 3 

 

A closer look at the city of Rome, which is currently fully compliant with the EU AQLV provides a good 

example of the impact that adoption of a 10µg/m3 PM2.5 limit value would have on compliance. In 

Figure 11 compliance with the current EU AQLV is shown on the left, and compliance with the WHO 

10µg/m3 guideline value is shown on the right. Such a move would drive every station in the city into 

 
3 Compliant: Modelled concentration is below the limit or guideline value by at least the RMS error of that station. 
   Non-Compliant: Modelled concentration is above the limit or guideline value by at least the RMS error of that station. 
   Uncertain Compliance: Within ±RMS error of the limit value at that station. 
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non-compliance. The prediction in 2035 is little better from a compliance point of view (Figure 12), 

with only one station in Rome becoming compliant with the 10µg/m3 guideline value.  

 

 

 

Table 11 and Table 12 show the impact on compliance against a hypothetical 10µg/m3 limit in each of 

the nine cities in 2025 and 2035 respectively, for those scenarios that introduce the largest changes 

to primary PM2.5 emissions and secondary pre-cursors, and the road transport scenario with the 

largest exhaust emission reduction (Scenario 7). This reveals that even with significant reductions in 

emissions, the WHO limit value remains largely unachievable. This illustrates that compliance with a 

10µg/m3 limit is unachievable without significant further measures on non-transport sectors, for 

example, even with the entire elimination of domestic and commercial combustion in the EU, a 

number of stations remain non-compliant in 2035.

Figure 11 - PM2.5 Compliance in Rome, 2025, Base Case. EU AQLV, left. WHO guideline, right. 

Figure 12 - PM2.5 Compliance in Rome, 2035 Base Case. EU AQLV, left. WHO guideline, right. 
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Table 11 - PM2.5 Compliance in selected cities - WHO Guideline Value (10µg/m3 annual mean) - 2025 

 Base Case 
Diesel PC and LCV - NOX: 0, PM2.5: 0 

(2025) Scenario 7 
Zero Emissions from Domestic & Commercial 

Combustion (2025) Scenario 9 
NH3 Emissions from Agricultural Sector: 50% 

(2025) Scenario 10 
 C UC NC C UC NC C UC NC C UC NC 

Brussels 0 1 3 0 1 3 1 3 0 2 2 0 

Berlin 0 0 4 0 0 4 0 2 2 0 0 4 

Stuttgart 0 1 2 0 1 2 1 1 1 1 1 1 

Madrid 4 2 0 4 2 0 6 0 0 6 0 0 

Paris 0 4 2 0 4 2 3 1 2 3 1 2 

Rome 0 2 5 0 2 5 3 3 1 0 3 4 

Milan 0 0 4 0 0 4 0 0 4 0 0 4 

Warsaw 0 0 3 0 0 3 0 0 3 0 0 3 

London 7 0 3 7 0 3 9 1 0 7 2 1 

 

Table 12 - PM2.5 Compliance in selected cities - WHO Guideline Value (10µg/m3 annual mean) - 2035 

 Base Case 
Diesel PC and LCV - NOX: 0, PM2.5: 0 

(2025) Scenario 7 
Zero Emissions from Domestic & Commercial 

Combustion (2025) Scenario 9 
NH3 Emissions from Agricultural Sector: 50% 

(2025) Scenario 10 
 C UC NC C UC NC C UC NC C UC NC 

Brussels 0 1 3 0 1 3 3 1 0 2 2 0 

Berlin 0 0 4 0 0 4 1 2 1 0 2 2 

Stuttgart 1 0 2 1 0 2 2 0 1 2 0 1 

Madrid 4 2 0 4 2 0 6 0 0 6 0 0 

Paris 1 3 2 2 2 2 4 0 2 4 1 1 

Rome 0 3 4 0 3 4 4 3 0 1 6 0 

Milan 0 0 4 0 0 4 0 0 4 0 0 4 

Warsaw 0 0 3 0 0 3 0 0 3 0 0 3 

London 7 1 2 7 2 1 10 0 0 8 2 0 
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Results - PM10 
Base Case 
Both daily PM10 exceedances and annual mean concentrations have been modelled but given that 

the current PM10 daily exceedance limit value is a tougher standard to achieve, compliance with this 

metric is examined here. 

Compliance with the PM10 AQLV for daily exceedances (thirty-five exceedances of a 50µg/m3 daily 

mean) is achieved across most of the EU as a result of measures already in place or legislated to come 

into force, however nearly 10% of stations are predicted to remain non-compliant in 2025 and over 

5% remain non-compliant in 2030 and beyond (Figure 13). These non-compliant stations cluster into 

distinct geographic groupings, the two largest being Poland and the Po Valley area of Italy (Figure 14). 

 

 

Figure 13 - EU - PM10 predicted compliance with daily exceedance EU AQLV: 2020 - 2035 Base Case 
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Figure 14 - PM10 Exceedances in the Base Case, 2025 left, and 2030, right. 

 

Air Quality Response to Key Scenarios 
To simplify discussion of the impact of additional emission abatement, those scenarios that introduce 

more extreme reductions of the pollutants responsible for PM10 concentrations in urban 

environments are highlighted in Table 13 and compared against the road-transport scenario with the 

largest reduction in emissions. 

Table 13 - PM10 - Non-compliant station summary under key scenarios in the EU - AQLV Daily Exceedances 
(total of 665 Stations) 

 2020 2025 2030 2035 

Base Case 101 (15%) 62 (9%) 39 (6%) 40 (6%) 

Diesel PC and LCV Exhaust: NOX 0, PM2.5 0 
(2025) Scenario 7 

101 (15%) 62 (9%) 39 (6%) 38 (6%) 

Zero Emissions from Domestic & Commercial 
Combustion (2025) Scenario 9 

101 (15%) 17 (3%) 13 (2%) 13 (2%) 

NH3 Emissions from Agricultural Sector: 50% 
(2025) Scenario 10 

101 (15%) 33 (5%) 18 (3%) 17 (3%) 

NH3 Emissions from Road Transport: 50% 
(2025) Scenario 11 

101 (15%) 62 (9%) 39 (6%) 40 (6%) 

Zero VOC Emissions from Road Transport 
(2025) Scenario 15 

101 (15%) 61 (9%) 39 (6%) 40 (6%) 

VOC Emissions from Solvents & Product Use 
Sector: 50% (2025) Scenario 16 

101 (15%) 59 (9%) 37 (6%) 39 (6%) 

 

Some 6% of monitoring stations in urban environments remain non-compliant in 2030 without 

additional abatement measures. This number remains unchanged in half of the scenarios examined, 

and even halving the emissions from the solvent and product use sector only affects two stations. The 
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only scenarios that have an appreciable impact on PM10 compliance are those that directly target the 

largest contributors to primary and secondary particulates, domestic and commercial combustion, 

and agriculture, respectively. This strongly indicates that measures affecting road transport will have 

little to no effect on PM10 compliance across the EU. 

 

City Focus PM10 
In the Base Case, five of the nine selected cities are already compliant in 2020 with the currently 

legislated 35 exceedances of the 50µg/m3 daily mean AQLV. By 2025, one more of the cities; Paris is 

predicted to become fully compliant while Milan, Stuttgart and Warsaw remain, at least partially, non-

compliant. Table 14 lists the number of compliant (C), non-compliant (NC) and uncertain compliant 

(UC)1  stations in each of the selected cities. Please see Compliance Banding on page 20 for an 

explanation of compliance bands. 

Table 14 - PM10 Compliance in selected cities - Daily Exceedance AQLV - 2020 to 2035 

 2020 2025 2030 2035 
 C UC NC C UC NC C UC NC C UC NC 

Brussels 3 0 0 3 0 0 3 0 0 3 0 0 

Berlin 4 0 0 4 0 0 4 0 0 4 0 0 

Stuttgart 2 0 1 2 0 1 2 1 0 2 1 0 

Madrid 6 0 0 6 0 0 6 0 0 6 0 0 

Paris 5 0 1 5 1 0 6 0 0 6 0 0 

Rome 7 0 0 7 0 0 7 0 0 7 0 0 

Milan 0 0 3 0 0 3 0 2 1 1 1 1 

Warsaw 2 0 1 2 0 1 2 1 0 2 1 0 

London 4 0 0 4 0 0 4 0 0 4 0 0 

 

None of the road transport scenarios significantly reduce the non-compliance seen within these cities. 

Even under the extreme ‘zero exhaust’ emission scenarios (i.e., electrification of elements of the fleet) 

concentrations are not significantly reduced due to the contribution from the non-exhaust 

component. The only scenarios that have an appreciable impact on PM10 compliance in the selected 

cities are those that directly target the largest contributors to primary and secondary particulates, 

domestic and commercial combustion, and agriculture, respectively. The compliance situation in each 

of the selected cities for the Base Case, and the three scenarios that induce the greatest emissions 

reduction in transport and non-transport sectors is shown in Table 15 for 2025, and Table 16 for 2035.

 
1 Compliant: Modelled concentration is below the limit or guideline value by at least the RMS error of that station. 
   Non-Compliant: Modelled concentration is above the limit or guideline value by at least the RMS error of that station. 
   Uncertain Compliance: Within ±RMS error of the limit value at that station. 



33 
 

Table 15 - PM10 Compliance in nine selected cities - Daily exceedance AQLV - 2025 

 Base Case 
Diesel PC and LCV - NOX: 0, PM2.5: 0 

(2025) Scenario 7 
Zero Emissions from Domestic & Commercial 

Combustion (2025) Scenario 9 
NH3 Emissions from Agricultural Sector: 50% 

(2025) Scenario 10 
 C PC+PNC NC C PC+PNC NC C PC+PNC NC C PC+PNC NC 

Brussels 3 0 0 3 0 0 3 0 0 3 0 0 

Berlin 4 0 0 4 0 0 4 0 0 4 0 0 

Stuttgart 2 0 1 2 0 1 3 0 0 3 0 0 

Madrid 6 0 0 6 0 0 6 0 0 6 0 0 

Paris 5 1 0 5 1 0 6 0 0 6 0 0 

Rome 7 0 0 7 0 0 7 0 0 7 0 0 

Milan 0 0 3 0 0 3 1 1 1 2 0 1 

Warsaw 2 0 1 2 0 1 2 1 0 2 1 0 

London 4 0 0 4 0 0 4 0 0 4 0 0 

 

Table 16 - PM10 Compliance in nine selected cities - Daily exceedance AQLV - 2035 

 Base Case 
Diesel PC and LCV - NOX: 0, PM2.5: 0 

(2025) Scenario 7 
Zero Emissions from Domestic & Commercial 

Combustion (2025) Scenario 9 
NH3 Emissions from Agricultural Sector: 50% 

(2025) Scenario 10 
 C PC+PNC NC C PC+PNC NC C PC+PNC NC C PC+PNC NC 

Brussels 3 0 0 3 0 0 3 0 0 3 0 0 

Berlin 4 0 0 4 0 0 4 0 0 4 0 0 

Stuttgart 2 1 0 2 1 0 3 0 0 3 0 0 

Madrid 6 0 0 6 0 0 6 0 0 6 0 0 

Paris 6 0 0 6 0 0 6 0 0 6 0 0 

Rome 7 0 0 7 0 0 7 0 0 7 0 0 

Milan 1 1 1 1 1 1 2 0 1 2 0 1 

Warsaw 2 1 0 2 1 0 2 1 0 3 0 0 

London 4 0 0 4 0 0 4 0 0 4 0 0 
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Of the nine selected cities, Milan is the least 

compliant with the PM10 daily exceedance AQLV, 

with every modelled station likely to be non-

compliant in 2025. This is despite the fact that 

every station in Milan is currently compliant with 

the PM2.5 annual mean AQLV (Figure 15).  

The impact of each of the main emission 

reduction scenarios on PM10 compliance in Milan 

in 2025 is shown in Figure 16. The two scenarios 

that result in a change in compliance are the 

complete elimination of domestic combustion 

and a halving of ammonia emissions from 

agriculture, however even this is not enough to 

ensure compliance at every station in 2025.   

Given that no scenario resulted in complete 

compliance with the PM10 daily exceedance 

AQLV in Milan even by 2035, suggests that implementing specific local measures (identified through 

a suitable source attribution study) would be much more likely to achieve complete compliance. 

 

 

 

  

Figure 15 - Milan PM2.5 compliance - 2025 Base Case 

Figure 16 - PM10 (>35 daily exceedances) Compliance in Milan in 2025. Clockwise from top left: Base Case, 
Zero emissions PCD, 50% Agricultural NH3, 100% reduction in domestic and commercial combustion 
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Results - SARS-COV-2 (COVID-19) 
The outbreak of SARS-COV-2 across Europe in early 2020 resulted in a substantial change in emissions 

in urban areas across the EU. National and regional lockdowns, international travel restrictions, 

enforced home-working and several other behavioural changes provided a unique opportunity to 

study how changing emissions affected air quality. 

As part of this study the impact of behavioural changes resulting from SARS-COV-2 on PM2.5 

concentrations has been explored. In common with other studies on this subject, little, if any 

difference between PM2.5 concentrations before and during the pandemic is observed. 

 

 

Figure 17 - IT1016A - Urban traffic station in Milan - PM2.5 1 

 

Figure 17 and Figure 18 show the measured PM2.5 concentrations at an urban traffic station and an 

urban background station in Milan from 2015 to 2020. The solid grey line represents monthly mean 

concentrations and highlights a large seasonal variation. The winter months exhibit significantly higher 

monthly means compared to the summer months, likely because of increased domestic and 

commercial combustion, increased traffic activity (compared to the summer months) and a higher 

component of secondary PM2.5 sources. 

In both cases, it is difficult to discern a ‘ OVID lockdown’ effect from the observations since the inter-

annual variations in monthly means is so large. This small response in PM2.5 concentrations during 

lockdown has also been reported by others.a Given that the observed lack of response is common 

across the EU it can be concluded that PM2.5 emissions from road transport have little to no impact 

on urban concentrations. 

 
1 The breaks in the monthly average line are due to gaps in the measurement data 
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Figure 18 - IT1743A - Urban background station in Milan - PM2.5 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a (Shi & Song, 2021) Abrupt but smaller than expected changes in surface air quality attributable to COVID-19 
lockdowns  

 
2 The breaks in the monthly average line are due to gaps in the measurement data 

 

  

2 

  

  

  

  

7 
  
 
  
 

 
 
  
 
 

  
  
 
 

 
  
  
 

  
 
  
 

 
 
  
 
 

  
  
 
 

 
  
  
 

  
 
  
 

 
 
  
 
 

  
  
 
 

 
  
  
 

  
 
  
 

 
 
  
 
 

  
  
 
 

 
  
  
 

  
 
  
 

 
 
  
 
 

  
  
 
 

 
  
  
 

  
 
  
 

 
 
  
 
 

  
  
 
 

 
  
  
 

 M
2
. 
  
on
ce
n
tr
a 
on
  
 
g/
m
  

Monthly Average Modelled Base  ase Measured Annual Mean



37 
 

Conclusions 
Particulate Emissions 
None of the road transport scenarios explored in this study were found to significantly reduce PM2.5 

emissions beyond the Baseline. For example, the introduction of the full range of ‘beyond Euro  d 

final’ emission limits for diesel passenger cars and vans results in ‘beyond the Base Case’ reductions 

in EU PM2.5 (exhaust + non-exhaust) emissions (versus the 2020 Baseline) of only 0.8 - 1.6% by 2030 

and only 1.1 - 2.1% by 2035. In comparison, the reductions in Baseline emissions by 2030 are 21% and 

by 2035, 17% from 2020 Baseline levels (exhaust + non-exhaust). 

The study also explored the PM2.5 exhaust emission reduction benefits from early replacement of 

Euro 3/III through to Euro 5/V in the 2020/21 diesel passenger and HDV vehicle parc with Euro 6/VI 

vehicles. In contrast to the very limited PM exhaust emission reductions resulting from the 

introduction of a Euro 7/VII standard, early vehicle replacement (via an incentivised early scrappage 

scheme for example) on a vehicle for vehicle basis would result in some 10 to 35 times the emissions 

reduction benefit for PM2.5 exhaust compared to the introduction of a zero-exhaust emission Euro 

7/VII vehicle. Importantly these benefits would also be realised much earlier, essentially impacting 

emissions as soon as implemented. 

 

PM2.5 Compliance 
By 2025 there is a high degree of compliance (>99%) with the current AQLV at urban monitoring 

stations in the EU in the Base Case with no additional reductions. In the ‘Big Five’ EU Member States 

(France, Germany, Italy, Poland, and Spain) compliance is better than or equal to 99% of stations.  All 

of the ‘beyond the Base Case scenarios’ explored at this stage have negligible impact on the baseline 

PM2.5 compliance picture in these countries and in each of the nine selected cities. This is also the 

case were the current AQLV to be lowered to the WHO guide value of 10µg/m3 (annual mean).  

 

PM10 Compliance 
While compliance with the daily PM10 exceedances is achieved across most of the EU as a result of 

measures already in place, distinct areas of non-compliance exist, with some 5% of stations predicted 

to remain non-compliant in 2025, 2030 and beyond. This picture is reflected in the nine selected cities 

with five of the nine cities compliant by 2020. By 2025, one more of the cities; Paris is predicted to be 

compliant while Milan, Stuttgart and Warsaw remain non-compliant beyond 2030. However, none of 

the road transport scenarios significantly reduce the non-compliance seen within these cities. Even 

under the extreme zero-exhaust emission scenarios (i.e., electrification of elements of the fleet) 

concentrations are not significantly reduced due to the overwhelming contribution from the non-

exhaust component.  

 

The Impact on PM2.5 from COVID Related Factors 
As found in other studies, the lockdown resulted in a very limited impact on the measured 

concentrations of PM2.5 compared to recent years. The modelled response, as expected, was also 

found to be small. This is consistent with the small contribution of road transport emissions to overall 

PM2.5 concentrations.  
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Implications for Future Euro Standards 
Overall, the findings of this study clearly demonstrate that all potential Euro 7/VII scenarios considered 

in this study show only marginal benefits compared to the Base Case.  

 his is reinforced by the findings from the ‘early replacement of pre-Euro 6/VI vehicles by Euro 6/VI 

vehicles’ comparisons. These clearly demonstrate that for diesel, on a ‘vehicle for vehicle’ basis the 

NOX emission reduction benefits from such an accelerated replacement scheme are some 6 to 25 

times greater than the emission reduction benefit of a zero-exhaust Euro 7/VI standard; for PM2.5 

exhaust, the corresponding benefits are 10 to 35 times that offered by the introduction of a zero-

exhaust emission Euro 7/VI standard. In addition, these benefits are realised much earlier. 
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